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Resumo

Galéxias ativas emitem fortemente no infra-vermelho. Gréos de poeira, aquecidos por
fotons Ultra-Violeta e dpticos absorvem estes fotons e os re-emitem no infra-vermelho.
Atualmente, esta é a interpretacio mais provivel para esta emissio no infra-vermelho.

Neste trabalho, desenvolvemos um modelo para a emissio e distribuico espacial dos
graos de poeira, incluindo a contribuigio de uma lei-de-poténcia.

Usamos galdxias com observages no éptico e no infra-vermelho, separando-as em Seyfert
tipo 1 e 2, para analisar as relagoes entre luminosidades de linhas de emissio no dptico e a
luminosidade no infra-vermelho (Ly).

Contando o nimero de galéxias com L, dentro de um determinado intervalo, mostramos
que as distribuigdes de Lz de Seyferts tipo 1 e 2 sdo quase idénticas.
Através da analise dos indices de cor no infra-vermelho e de razdes entre Ly e Lya, €

Lir € Liorr, mostramos como os dois tipos de galdxias Seyfert podem ser interpretados

pelo mesmo modelo, apenas variando as condigdes do modelo para diferenci-las.



Abstract

Active galaxies do emit strongly in the infra-red. Dust grains heated by Ultra-Violet
and optical photons absorb these photons and re-emit them in the infra-red. Presently,
this is the most probable interpretation for the infra-red emission.

In this work, we develop a model for the dust grains emission and spatial distribution,
including the contribution from a power-law.

We study galaxies with optical and infra-red observations, separating them in type 1 and
2 Seyferts, in order to analyse the relationships between the luminosity of optical emission

lines and the infra-red luminosity (L).

By counting the number of galaxies with Lz within a given bin, we show that the L,
distributions of type 1 and 2 Seyferts are almost identical.

Through the analysis of infra-red color indices and the ratios between Lz and Lg,,
and Liosrr), we show how the two types of Seyfert galaxies can be interpreted by the same

model, just allowing variation of the model conditions to separate them.
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INTRODUCAO

O continuo néo-térmico da fonte nuclear em galdxias ativas “liga-se” & regido do radio
através do infra-vermelho. Nos tdltimos anos, com o aparecimento de mais e melhores
detetores, tem sido observado que galdxias ativas, em geral, sio bastante brilhantes no
infra-vermelho. Embora o espectro continuo de galdxias ativas tenha sido intensamente
estudado nestas duas ultimas décadas, as origens das caracteristicas complexas observadas
na regiao do dptico e do infra-vermelho ainda ndo sdo completamente bem compreendidas.

Atualmente, a explicacao mais aceita envolve a presenca de grios de poeira em torno
do nicleo ionizante das galdxias ativas.

Poeira, em torno de fontes emissoras de fétons com comprimentos de onda no visivel

e/ou Ultra-Violeta, se torna bastante notével no infra-vermelho através da re-irradiagio

térmica.

Poeira no Meio Interestelar

No meio interestelar de nossa Galéxia, aproximadamente 1% em massa da matéria est4
na forma de gréos de poeira com dimensoes caracteristicas de 10™° a 10~® cm. Esses
graos sao encontrados no gés interestelar, regides HI e HII, em nebulosas planetirias e nas
condensagbes densas existentes nestes objetos.

Graos de poeira sao notados principalmente por seus efeitos na luz das estrelas e como
emissores no infra-vermelho. O processo combinado de espalhamento e absor¢io (de menor
importancia) é chamado de extincio , e seu efeito na luz das estrelas foi a evidéncia original

para a existéncia da poeira interestelar.
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O gés em nebulosas densas é deficiente em C, N, e O e praticamente nio contém
elementos mais pesados, visto que a maior parte destes elementos deve estar “agregada”
aos graos. A extingao associada com poeira sugere que vdrias composicdes diferentes de
graos ocorrem na Galéxia, freqiientemente coexistindo na mesma regido. Graos formados
predominantemente por grafite, SiC, silicatos de aluminio e magnésio, H,O, NHj, e ferro

sd0 comuns. Algumas observagdes também sugerem a existéncia de particulas de ‘gelo sujo’
(H20 com impurezas metélicas), ou gréos refratérios encerrados em mantos de HyO, NH,

ou possivelmente grafite (Mathis, Rump), e Nordsiek, 1977).

Usando uma variedade de misturas de particulas esféricas, todas incluindo grafite como
principal contribuidor, Mathis, Rumpl, e Nordsiek (1977), conseguiram étimos ajustes para
a curva de extingao interestelar desde o UV até o infra-vermelho (14 m), reproduzindo muito
bem a intensidade e a largura da absorcio observada em 2160A.

Locais provéveis para a formagao de grios sdo as camadas de gas em expansao ejetadas
por Novas. Durante a expansao o gis desenvolve um excesso no infra-vermelho, e o espectro
é consistente com irradiacio tipo corpo-negro de graos, os quais podem ter se condensado
no envelope relativamente denso de gés.i Apéds formados, os grios sdo empurrados pela

pressao de irradiacdo ou carregados pelo gas em expansdo, em dire¢io ao meio interestelar.

Evidéncias de Poeira em Niicleos Ativos de Galaxias

Existem muitas evidéncias mostrando conclusivamente a presenca de poeira em Niicleos
Ativos de Galaxias (AGNs, uma classificagdo que compreende, de forma geral, galéxias
Seyfert de tipo 1 e 2 e intermediarias, R4dio-Galdxias de Linhas Estreitas e Largas, e
Galéxias de Raio-X). A bibliografia contém muitas referéncias sobre este tépico, como se
pode ver por exemplo, em MacAlpine (1985), Ward et al.(1987), e Rudy (1984). A seguir,

serd apresentada uma série de argumentos demostrando a existéncia de poeira.

e Medigoes prévias em diversos objetos mostraram que algumas galdxias Seyfert apre-

sentam altos decrementos de Balmer que ndo podem ser explicados simplesmente em
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termos da teoria de recombinagio e avermelhamento interestelar;

o Medigoes dos “blends " dos pares de linhas do [SII] em A10320A e M072A feitas
por Wampler (1968 e 1971), linhas que se originam do mesmo nivel superior e tém
uma razao insensivel as condigdes fisicas do gds, mostraram a presenca conclusiva de
poeira ao longo da linha de visada. Até mesmo em quasares de baixa e intermedisria
luminosidade a poeira é detectavel (Rudy, 1984) embora nos quasares de luminosidade

mais alta ela ndo desempenhe um papel muito importante. Rudy (1984) encontrou
uma significativa correlagao entre a razdo das luminosidades L(10m)/L(He) com a

razao [OIII]/Hp, indicando que em objetos com uma forte Regido de Linhas Estreitas
(RLE), uma fragdo substancial da emissdo no infra-vermelho intermedisrio origina-
se de poeira associada com a RLE (vélido para quasares e objetos de luminosidade
mais baixa). A diminui¢do gradual da importancia da poeira para objetos de lumi-

nosidade mais alta é uma conseqiiéncia do enfraquecimento da RLE com o aumento

da luminosidade;

e As observagdes de alguns valores bastante altos para o decremento de Balmer em
algumas Seyferts sdo consistentes com a presenca de pequenas particulas sélidas que
avermelham o continuo nuclear e as linhas de emissdo. Além disso, a dependéncia da
polarizagao 6ptica com o comprimento de onda A observada em NGC1068 (Krusze-
waski, 1968) é muito similar & que seria devida a pequenas particulas de grafite com

raio <0.05u m;

e Utilizando um modelo simples de graos de grafite, Rees et al. (1969) chegaram &
conclusdo de que a emissdo observada no infra-vermelho pode ser devida & absorgao,
por particulas de pé, de irradiagdo do continuo dptico/Ultra-Violeta emitido por

alguma fonte central, seguida pela re-irradiagdo em comprimentos de onda maiores;

e A presenca em muitos objetos de uma extensa regidio espectral (~3-20xm) na qual

uma lei-de-poténcia F, & v~* (com s no intervalo entre 1.5-2.5), representa um ajuste
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razodvel, sugere que a regiao contendo as particulas de poeira ndo pode ser isotérmica
(Bollea e Cavaliere, 1976);

o Robson et al.(1986) ressaltaram a existéncia de uma componente no espectro infra-
vermelho proximo de quasares e AGNS, na forma de um “calombo” entre )\ ~2 e

10pm. Este calombo jé tinha sido notado por Neugebauer et al.(1979) como um

excesso em torno de A ~3.5um.

o A presenca de poeira ‘quente’ em nuvens de linhas largas foi considerada nos modelos

de Rudy e Puetter (1982), nos quais o aquecimento da poeira pelas linhas de emisso

pode ser importante para as nuvens de linhas largas com temperatura T > 1.5 x
10°K. Rudy (1984), observando uma correlagio entre emissio no infra-vermelho

intermedidrio e a linha [OIII]xs007, inferiu a presenga de poeira associada com a regido

de linhas estreitas em AGNss.

A lista de argumentos apresentada acima ndo pretende ser completa, mas serve para
mostrar, de forma irrefutdvel, que a poeira est4 presente nos AGNs e contribui em difer-

entes proporgdes & emissio no infra-vermelho observada nestes objetos.

Emissao no Infra-Vermelho em Galaxias Ativas

Desde a descoberta do forte excesso infra-vermelho em NGC1068 (Pacholczyck e Wis-
niewski, 1967) tem havido debates sobre a questio se as galéxias Seyfert emitem no infra-
vermelho predominantemente pela re-irradiacdo térmica por grios de poeira, ou se 0 que
se vé é diretamente o prolongamento no infra-vermelho de seu continuo ndo-térmico.

Um nimero razoavelmente grande de Seyferts brilhantes foram estudadas espectro-
scopicamente no infra-vermelho com o ojetivo de encontrar as caracteristicas de emissdo e
absorgédo observadas em fontes térmicas Gal4cticas, tais como as bandas de emissio em 3.3,
7.7, 8.6, e 11.3u m e a caracteristica de silicatos em 10 m (Roche et al., 1984; Jones et al.,

1984). Talvez entre 1/4 a 1/3 das galéxias apresentem tais caracteristicas, o que indica que
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a0 menos alguma parte do fluxo infra-vermelho nestas galaxias tem origem na re-irradiagéo

térmica. Em geral, as observacdes ndo indicam qudo dominante esta componente 6.

An3lises feitas por Neugebauer et al. (1976) e Rieke (1978) indicam que h4 uma tendéncia

dos espectros infra-vermelhos das galdxias Seyfert tipo 2 de cairem rapidamente para
freqiiéncias maiores e de serem muito ingremes préximo a 3 m (apés a subtracio da com-
ponente estelar), enquanto que o espectro nao-estelar das galxias Seyfert tipo 1 tende a ser
relativamente intenso na regido entre 1-3um, podendo freqiientemente ser ajustado com
uma lei-de-poténcia de inclinagdo modesta através do intervalo entre 1-20xm. A forma do

continuo das galaxias Seyfert 2 sugere fortemente que o excesso de emissio é re-irradiagio
pela poeira, um resultado consistente com indicagdes de avermelhamento obtido por razdes
de linhas de emissao (Koski, 1978; Rieke, 1978; Lacy et al., 1982). A forma do continuo

das Seyfert 1 sugere a presenca de uma fonte ndo-térmica dominante, tipo lei-de-poténcia.

Através de estudos de variabilidade em Seyfert 1s, Lebofsky e Rieke (1980) concluiram
que uma unica lei-de-poténcia ndo pode explicar satisfatoriamente 0 comportamento da
fonte nuclear através de todo o intervalo entre 0.3-204 m acessivel s observacoes baseadas
no solo. Além disto, encontraram que a componente no infra-vermelho é varidavel mas com

amplitude e fase diferentes da variabilidade no éptico e Ultra-Violeta.

Emissao livre-livre de gds extremamente denso e quente foi sugerida por Puetter e Hub-
bard (1985) como possivel explicagdo para o excesso observado no infra-vermelho préximo.
Mas, comparado com a re-irradia¢do térmica, o espectro livre-livre cai de forma bem menos
abrupta para comprimentos de onda menores, e as variacoes ocorreriam mais rapidamente,
provavelmente numa escala de tempo similar & observada nas variacdes de intensidade das

linhas largas.

O objetivo deste trabalho é, partindo do desenvolvimento de um modelo (baseado nos
j4 existentes) para a distribuicdo e emissdo da poeira em AGNs, e incluindo efeitos de uma,
lei-de-poténcia da fonte central, analisar e caracterizar as galéxias Seyfert tipo 1 e 2, desde

o ponto de vista de parametros no dptico e no infra-vermelho.
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Organizacao Deste Trabalho

Este trabalho estd estruturado da seguinte forma: no Capitulo I é apresentado o modelo
de emissdo de poeira, algumas de suas propriedades analiticas sao derivadas, indices de cor
e diagramas cor-cor sao apresentados e discutidos; a apresentacio da amostra de galaxias,
obten¢do de fluxos e luminosidades no dptico e no infra-vermelho, est4 no Capftulo II;
no Capitulo III é mostrado o procedimento usado na subtragio da componente estelar,
e os fluxos de linhas sem a contribuigdo da populacdo estelar sio usados em diagramas-
diagnéstico para classificar as galéxias, um diagrama cor-cor no infra-vermelho também
¢ usado na classificacdo ; o Capitulo IV é dedicado & andlise e interpretacio dos dados;
o resumo dos resultados estd no Capitulo V; no Apéndice A estdo mostradas algumas
propriedades analiticas do modelo de emissdo adotado; no Apéndice B est4 a listagem do

programa DUST; e no Apéndice C, apresentamos alguns trabalhos realizados durante o

periodo de meu doutorado.



Capitulo I

MODELO DE EMISSAO DE POEIRA

I.1 Introducao

Neste capitulo serd apresentado o modelo de emissdo de poeira adotado, e algumas
de suas propriedades analiticas serao discutidas. Indices de cor e diagramas cor-cor no
infra-vermelho serdo apresentados e discutidos. Além do modelo de poeira ‘puro’, serdo
considerados os efeitos da inclusao de uma lei-de-poténcia ao espectro de emissao resultante.

No apéndice A essas propriedades analiticas serao estudadas com maiores detalhes.

1.2 O Modelo Adotado

O modelo aqui adotado segue, em linhas gerais, a forma de anélise utilizada anterior-
mente por Rees et al. (1969), Panagia (1975), Bollea e Cavaliere (1976), e por Barvainis
(1987).

Como mostrado em Barvainis (1987), existem duas possibilidades ébvias para se consid-
erar a distribui¢ao de poeira com simetria esférica: (a) se a poeira se distribui suavemente,
entdo a profundidade dptica para a radiacdo visivel deve ser compativel com os limites
observados para o avermelhamento, e (b) se a poeira se acumula em nuvens opticamente
espessas, a simetria esférica da distribuigdo dessas nuvens implicaria em que o fator de
cobertura seja baixo. Em ambos os casos, a profundidade éptica (no caso da distribuicao

suave e esférica) ou o fator de cobertura (no caso das nuvens) sé6 podem ter valores altos
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em algumas diregoes especificas, deixando o ndcleo mais ou menos desobstruido ao longo

de nossa linha de visada.

Sem o vinculo da simetria esférica pode-se considerar geometrias particulares: por ex-
emplo, a poeira poderia estar confinada a um disco ou a um toro. Nestes casos, quando a
profundidade dptica for grande, os fétons emitidos dentro do dngulo sélido definido pela dis-
tribuicdo de poeira sdo totalmente absorvidos, obscurecendo a visao do nicleo nas direcoes

que interceptam a distribuicao dos graos.

Considera-se aqui o caso mais geral no qual os graos de poeira estio uniformemente

distribuidos em torno de uma fonte ionizante central, sem simetria esférica, com um perfil

radial da densidade numérica de graos caracterizado por uma lei-de-poténcia n(r) o r=7.
Os graos estdo expostos unicamente a um continuo 6ptico/UV, sendo que a re-emissao no
infra-vermelho préximo deve ser oticamente fina, porque a eficiéncia de absor¢do Q, dos
graos é muito menor no infra-vermelho do que para a regido 6ptico/UV. No infra-vermelho
préximo, o espectro de emissdo de um grio (aquecido & uma temperatura T) ¢ dado por

Q.B.(T), onde B,(T) é a funcdo de Planck para a temperatura T.

Espectros de emissao de graos a uma tnica temperatura sao muito mais estreitos que os
espectros observados em galdxias; assim, é natural pensar-se que em objetos reais estejam
envolvidos graos de poeira cobrindo um grande intervalo em temperatura. Esta situacao é
facilmente alcangavel supondo- se que a poeira esteja distribuida de alguma forma em torno
de uma fonte central e sendo aquecida por esta fonte central de radiacdo, pois desta forma,

graos a diferentes distancias da fonte central alcangardo o equilibrio térmico a diferentes

temperaturas.

O modelo aqui considerado corresponde ao caso de uma distribuigdo de poeira nao
esférica, suave e opticamente espessa aos f6tons do continuo éptico/UV. A poeira se dis-
tribui em regioes nao necessariamente ao longo de nossa linha de visada e a profundidade
Optica ao longo desta deve ser compativel com os valores do decremento de Balmer obser-

vados.

A luminosidade espectral de um grao individual, aquecido a uma temperatura T, no
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infra-vermelho, é dada por :
L& = dna?(7Q,)B, (T) erg s Hz . (L1)

onde a ¢ o raio do grao.

Quando exposto a um campo de radiagdo UV com densidade de energia u,, um grao
atingir o equilibrio térmico quando a taxa na qual a energia é absorvida for igual & taxa

na qual ela é emitida, ou seja:

ma® /u,,cQUv dv = /L;'ir dv, (L2)

onde Qv é a eficiéncia de absor¢ao de fétons UV pelos graos, e ¢ é a velocidade da luz.

Para estudar-se as propriedades gerais da re-radiagéo de gréos, é suficiente aproximar-se
Quv (para a absorgdo de fétons no UV) como uma constante com a freqiiéncia, e igual a 1
(secgdo de choque para absorgao igual & secgdo de choque geométrica do grio). Para o infra-
vermelho pode-se aproximar a eficiéncia de absorgao Q, dos graos como uma lei-de-poténcia,
Q,= qurV7, com qmz(z”T“)", onde a poténcia vy, para os tipos de graos mais estudados, varia
entre 1 e 2. Para graos de grafite, que tem uma temperatura de evaporagao Te,~ 1500K, e
com um raio tipico dos graos a = 0.054 m, foram derivadas curvas de eficiéncia por Draine
e Lee (1984). A partir dessas curvas, sabe-se que a lei-de- poténcia da eficiéncia de absorgio
no infra-vermelho é caracterizada por y = 1.6.

Assim, o lado esquerdo (absor¢ao ) da equagdo 1.2 pode ser escrito como:

Ta? /u,,cQUV dv =~ 7wa? /cu,, dv

= 7a? /F,, dv

2 LVC_TUV
= 7’ [———— dv
A7r

2
ma _
= 4——2/11,/6 Tuv dv
mr

ma?
- 47r7‘2 LUVB_TUV, (1-3)

onde Ly, é a luminosidade total UV, r é a distancia 4 fonte central e Tov=Tuv(T) é a

profundidade éptica para a radiagdo UV no ponto 7 devida aos graos.
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Para o lado direito (emissio) da equacio 1.2, temos:

/mwdu:/mmﬁaﬁmuw
0 0

= drd(naw) [ V'B(T) d
7ra(7rq)/01/ (T) dv

2h [ Yt
— -—/ LA
Ta (7rqm)c2 A 6%_1 v,

onde h é a constante de Planck, e K é a constante de Boltzmann.

Esta tltima integral é facilmente calculada. Fazendo-se a mudanca de varidvel x =

fica

o 3 KT\ oo x7+3
| av= (—) [ %= o
0 eKT — 1 h 0o er—1

A seguir,

oo x7+3 ) 13 e X
X dX = x7 T X dx
0o er—1 0 1—e

0 00
= Z/ xTH3e—FX (4x.
k=170

Fazendo-se uma nova mudanca de variavel ¢t = kx, a equacdo 1.6 fica :

o T+ d = g+ [T st g
= - 4 T odt
/o X—1 " 1;2=:1 /0 ¢

= C(Y+4T(y+4),

onde ¢ é a funcdo zeta de Riemann, e I" é a funcdo Gamma de Euler.

Assim, voltando & equacéo I.5:

o0 ,/’7+3 KT\ 7+4
/0 By dv = (;) Cly+4)T(y +4),
eKT — 1

e a energia total emitida por um grao fica dada por :

00 2h
/ L& dv = 47ra27rqm—2 <K—T
0 c

7+4
h ) Cly +4)T (v +4),

(L4)

hy
KT

(L5)

(1.6)

(L9)
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e o lado direito da equacao 1.2 fica :

Lyye~Tov h

= 814 5 (-’,§)7+4 TTHC(y + 4T (y + 4). (1.10)

Com isto, o perfil radial da temperatura fica dado por :

4772

Love \ YO 1
I(r)=T, ( - ) e (L11)
pc

onde Ly, € a luminosidade total no UV da fonte central em unidades de 10 erg s, e,

a distancia a fonte central em parsecs. Na equagao acima foi introduzido por conveniéncia,

o fator numérico T, o qual é dado por :

241  1oM02-m U
T [2-087 QIRC(’Y + 4)F(’Y + 4)]

A partir da equagdo 1.11, pode-se calcular o raio interno r;, o qual é definido de tal

forma que graos localizados mais internamente que r; , expostos ao continuo UV da fonte
central, atingiriam o equilibrio térmico a temperaturas mais elevadas que a temperatura
de evaporagdo (T,,) caracteristica do tipo de poeira em consideracio . Estes grios sao,
portanto, destruidos pela evaporacdo . Desta forma, r; define um limite inferior para a
distribui¢do de poeira. Assim, o raio de evaporacao r, é dado por :

( TUV(TI) =0,

I 1/v+4

r=r—»{ Ta=T(r) =T, (#fgﬁ) ,0u (1.12)

+4

_xt
2
{ = LUV46(1/2) <IT&"L> .

%

Para graos de grafite com a = 0.05um , v = 1.6, temos que T, ~ 1666 K, e 1} =
1.3 Lyyas M2 T3¢, onde Tis00 6 a temperatura de evaporagdo expressa em unidades de

1500K.

Uma vez calculado 7y, pode-se re-escrever a equacdo I.11 de uma forma mais “tra-

balhével”:

r\"FE Ty
T(r) = Te, <r—> e TrHE . (L.13)
1
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O modelo tratado aqui assume que a distribuicao dos graos seja suave e que tenha uma

densidade numérica radial tipo lei-de-poténcia, ou seja:

n(r) =m (1)_ﬂ , (L14)

|
onde 7, € a densidade numérica de graos em .

Com a condi¢ao Quv = 1, a profundidade éptica no ponto r devida & poeira, para

radiacao UV ¢ :
T
Toy(r) = ma? /r n(r') dr'. (L15)
1
Introduzindo-se na equagdo .15 a expressao 1.14 para n(r), e calculando a integral, a

profundidade éptica fica :
ma’mryIn (f—l) , fB=1,
Tov(r) = - (I.16)
-1
waznlrl%, B#1.

Como raio interno foi usado o raio de evaporagio ry, pois mais internamente que r; 0s
graos ja teriam sido destruidos pelo fluxo de fétons UV. O raio externo da distribuicéo ,
T2, pode ser definido de forma que 7yy(r2) = 7 > 1. Assim, mais externamente que r,, 0s
graos nao mais sao aquecidos pelo continuo UV, permanecendo frios e nao contribuindo ao
fluxo no infra-vermelho préximo.

Tendo fixado o valor de r; e com T,=7yy(r2) definido, pode-se re-escrever a equacio

1.16 da seguinte forma:

( In 7'%)
T21 ;:2 ) /6 =1
"\M
Tuv('r) =3 r\1-8 (1.17)
T_l' _1
T2 = ) /6 # 1.
| (B) -

Como a poeira é opticamente fina & sua prépria radiacdo (A > a), a luminosidade
espectral (por unidade de freqiiéncia) total no infra-vermelho pode ser calculada integrando-

se a contribuicao de todos os graos entre r; e 7y:

r
LD =Q ’ n(r)L&r? dr (ergs~! Hz™!)

1.18
A , (L18)
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onde €2 é o angulo sélido subentendido pela distribui¢do de poeira no nicleo.

Os espectros sao calculados da seguinte forma:

Dada uma luminosidade UV total Lyy, calcula-se o raio de evaporagdo r;; a seguir,
define-se a razdo ry/r; ( 0 que dé o raio externo ry); com a condigo Tyy(ry) = T, € com
o pardmetro f§, calcula-se 7;; a partir disso, calculam-se as curvas para Tyy(r), T(r), e
n(r); finalmente, entra-se com essas curvas na equagéo .18 e, através de uma integracao
numérica, calcula-se L2 para o intervalo em freqiiéncia desejado. Em nossos modelos

usamos 7y=3.

I.2.1 Visualizacdo do modelo

A partir das equagdes que descrevem o espectro de emissdo da poeira, foi desenvolvido
um programa de computador chamado DUST que, tendo como paradmetros de entrada
a luminosidade UV da fonte central Lyy, o pardmetro 3, a razdo ry/r; e a temperatura
de evaporacao T,, integra a equagdo 1.18 e calcula o espectro de emissdao produzido pela
distribui¢do de poeira.

Nas Figuras I.1 e 1.2 estdo plotados os espectros produzidos pelo modelo de emissdo de
poeira para 3 diferentes temperaturas de evaporagao : Te,= 350, 800, e 1500K, 6 valores
de B para a densidade numérica dos graos: f= 0, 0.5, 1.0, 1.5, 2.0, e 10, e 4 razdes ry/r;:
10, 102, 10, e 10*. Em cada figura est4 plotado o logaritmo da luminosidade L, = vLP
(em relagdo & Solar) em fungéo de log(v) (Hz) (eixo X inferior) ou A(z m) (eixo X superior).
Curvas correspondendo a cada valor de ry/r; sdo indicadas.

Para 8 > 2, o perfil da densidade numérica dos graos é tao ingreme que a maior parte
dos graos est4 localizada muito préxima do raio de evaporagao r;, fazendo com que os graos
re-emitam a radigao éptico/UV praticamente na mesma temperatura (TaT,,). Assim, sua
distribuigdo espectral de energia se comporta muito aproximadamente 4 de um corpo negro
a temperatura T,,. Neste caso, os modelos sao praticamente independentes da razao ry/r;.

Para § < 2, a forma da distribuicao espectral de energia dos graos depende muito tanto

de § quanto de r/r;. Para termos uma idéia de quanto esta dependéncia é importante,
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Figura 1.1: Seqiiéncia de modelos para T¢,=1500, 800, e 350K, e 8=0, 0.5, ¢ 1.0 .
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foram calculados os comprimentos de onda correspondentes aos méximos das curvas de
emissao (por emissdo entende-se a curva da luminosidade (v LP) erg s71) calculados para
os modelos descritos acima. Os resultados estdo plotados na Figura 13. Nos painéis a
esquerda estdo plotadas, para as 3 temperaturas de evaporagdo consideradas, as curvas
dos maximos de emissdo log(Amg) vs. § parametrizadas por /T1; € nos painéis 3 direita
temos log(Amaz) vs. /71 parametrizadas por §. Vé-se que, para ry/r1= 10, 0 méximo da

emissao praticamente nao depende de f, variando apenas com T,,. Assim, tem-se que:

o Tey=350K— 7.94 < A\pp(pm) < 12.62,

o Toy=800K— 3.47 < A (um) < 5.54,

® Te,=1500K— 1.83 < Apue(pm) < 2.96.

J4 para # =1, o maximo praticamente j4 nio mais depende de r, /r1, variando apenas

com T,,:

 Tey=350K— 10.15 < Apag(m) < 12.65,
o T, =800K— 4.42 < A\pas(pm) < 5.55,

® T.,=1500K— 2.38 < A0z (1 m) < 2.98.

Para T,,=1500K o méximo da emissdo ¢ praticamente independente de Bedery/r,e
estd localizado em A0; & 2um. Para 8 < 0.5 e especialmente para 8 = 0, pode-se dizer
que existe uma relagdo quase linear entre log(Amq;) € log(ra/r1) (para qualquer Te,), de
forma que Apgz ox (ro/r1)%3.

Como esperado, 0 maximo da emissio se desloca para comprimentos de onda menores
(para mesmos /7 e §) para temperaturas de evapora¢ao maiores. Aumentando-se a razao
r2/71 faz com que os grios apresentem um gradiente de temperatura, sendo que aqueles
localizados mais longe da fonte central comecam a contribuir mais significativamente 3
emissao, deslocando o maximo para A maiores. Este fato s nio é muito relevante para
distribuicdes com f > 1, para as quais os graos estio densamente compactados e localizados

muito préximos ao raio de evaporacao .
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Figura 1.3: Méiximo da emissdo (L, = vLY) Aoz

direita).

em fungdo de ry/ri(a esquerda) e de B (a
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1.3 Indices de Cor

Analogamente a0 que se faz com observagdes no visivel, pode-se construir indices de cor
no infra-vermelho, sendo que, para isso, sio usadas as ba,n'das nas quais 0 IRAS (Infra-Red
Astronomical Satellite) observou objetos no céu. Essas bandas estio localizadas em 12,

25, 60, e 100pm. Os indices de cor no infra-vermelho sao definidos da, seguinte forma;

_ log(Fy/Fy)
~ log(A/M)’

onde F; ¢ a densidade de fluxo (em Jansky) medida em );, e Ay > );.

—a(’\2: ’\1)

Os indices de cor derivados a partir dos modelos dependem basicamente de 3 parametros:

a temperatura de evaporagao T,,, a razéo entre os raios que definem a distribuicao dos graos
r2/T1, € 0 pardmetro (3 que define a fungéo da densidade numérica dos graos. Para melhor
caracterizar estas dependéncias, e visualizar a forma das curvas dos indices de cor, foram
calculados modelos para 5 diferentes temperaturas de evaporagéo : Te,=350, 500, 800, 1000,
e 1500K, e a partir desses modelos, foram construidos graficos dos indices de cor plotados
em fungdo do pardmetro 8. Em cada gréafico foram plotadas curvas correspondentes as
razées ra/r1= 10, 10%, 103, 10, e r5/r;— oo 1. Estes graficos estio mostrados nas Figuras
1.4 a 1.6, sendo que cada figura é composta de 3 graficos: na parte superior estd o grafico
correspondente ao indice de cor (25,12) vs. §; no meio estd «(60,25) vs. 3, e na parte
inferior estd «(100,60) wvs. f3.

Alguns comentérios podem ser feitos a respeito dos gréficos:

e Conforme mostrado no apéndice A.2, para 3>> 1, todos os indices de cor se aproxi-

mam assintoticamente de valores que dependem apenas da temperatura de evaporacgao
Tev;

* Independente de Te,, os indices de cor variam muito pouco (com B) para ry/r;=10,

mas, & medida que cresce r3/7;, aumenta muito a dependéncia com S;

'A curva ry/ri— oo é usada apenas para definir o limite teérico que os modelos podem atingir; na
prética, r2 /r1— oo implicaria que a distribuicido de poeira se estendesse muito além do que a prépria

galaxia.
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e parametrizados por r2/T1.
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Figura L5: Indices de cor para Te,=800K (& esquerda) e T¢,=1000K (i direita), em funcio de

B e parametrizados por r2/r1.
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Figura 1.6: Indices de cor para T.,=1500K, em fun¢do de 3 e parametrizados por ro/ry.
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o A medida que T, aumenta (8 < 2), os indices se deslocam para valores maiores;

e Para ro/r;— 0o, 0s indices se tornam praticamente independentes de T,,.

I.3.1 Diagramas Cor-Cor

Diagramas envolvendo diferentes indices de cor podem fornecer muitas informagdes a
respeito dos objetos a serem analisados. Com os 3 indices de cor no infra-vermelho, foram
construidos diagramas para ¢(25,12) vs. (100,60), c(60,25) vs. a(100,60), e a(25,12)
vs. 2(60,25). Foram calculados modelos para as temperaturas T.,=350, 500, 800, 1000,

e 1500K, sendo que em cada diagrama foram plotadas curvas correspondentes as razoes
ro/r1=10, 10%, 10% 10% e para ry/r;— oo (caso limite); cada curva foi parametrizada
por B. Estes diagramas estdo ilustrados nas Figuras 1.7 a 1.9, nas quais, para efeitos
de comparagao, estdo plotadas as curvas correspondentes a um espectro de uma lei- de-
poténcia (F, oc v*) e a um espectro de um corpo- negro a varias temperaturas.
Observe-se que para as temperaturas consideradas, as curvas dos indices assumem val-

ores que correspondem apenas a regido a direita da lei-de-poténcia.

I.4 A Inclusao de Uma Lei-de-Poténcia

As segbes anteriores foram destinadas para a apresentacio do modelo de emissio de
poeira ‘puro’, a obtengao de algumas de suas propriedades analiticas, e definigéo dos indices
de cor e dos diagramas cor-cor € seu comportamento em funcio da variagao de alguns
pardmetros que caracterizam o modelo.

Diversos estudos j4 mostraram que a maioria (se nio todos) dos AGNs podem ter seu
continuo entre o ultra-violeta e o éptico bem ajustados por uma lei-de-poténcia (Malkan
e Sargent 1982; Malkan 1983; Edelson e Malkan 1986). Assim, uma extensio natural do
modelo de poeira é a inclusdo de uma lei-de-poténcia.

Os modelos de emisséo de poeira que adotamos assumem que o niicleo de galdxias ativas

se apresenta praticamente livre de nuvens de poeira ao longo de nossa linha de visada (ou,
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rigura 1.7: Diagramas Cor-Cor para Te,=350K (i esquerda) e Te,=500K (& direita).
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¥igura 1.8: Diagramas Cor—Cor para T, =300K {4 esquerda) e T.,=1000K (& direita).
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Figura 1.9: Diagramas Cor-Cor para Te,=1500K.
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alternativamente, com uma baixa profundidade dptica efetiva no caso de uma distribuigao
uniforme e esférica). Desta forma, a extenséo da lei-de-poténcia do UV /6ptico para dentro
do infra-vermelho deve ser observavel em alguma proporcio , e seus efeitos nos fndices do

cor devem ser considerados.

Neste caso, a luminosidade espectral total é produzida pela combinagio da emissio da

poeira mais uma lei-de-poténcia, e pode ser escrita da seguinte forma:
L, = L) + (1 — ¢p)LPE, (1.19)

onde L2 é a luminosidade espectral proveniente da emissio da poeira e L =k, 1* rep-

resenta a lei-de-poténcia; €, é definido como a fracdo da contribuicio da luminosidade da
poeira em A = 60u m em relagao a luminosidade total em A = 60u m.

O parametro kp, é calculado da seguinte forma: Seja uma galdxia com uma luminosidade
espectral observada em A = 60um, Lgo. Supondo inicialmente que Lgg seja devida apenas &
emissao da poeira, temos entdo que ep=1 e Lﬁong); agora, supondo que a mesma emissao
seja devida apenas & lei-de-poténcia, temos ep=0 e Lep=rp v = LY. Assim kp, = L v5®.
Desta forma, a equacdo I.19 pode ser escrita da seguinte forma:

e
L, = LD + (1 — e)L2, (—) . (1.20)
Vso

Desta forma, para cada modelo de poeira adotado, L, vai depender de mais dois
parametros: a fracao €, e a poténcia a.

Para ilustrar o efeito da incluséio de uma lei-de-poténcia foram calculados modelos para
as temperaturas de evaporagao T.,=350, 800, e 1500K, sendo que, para cada temperatura
foram levadas em conta as razdes ro/r;= 102, 10%, e 10%. O efeito da lei-de-poténcia foi con-
siderado para os modelos com =0 e #=1.0, variando-se a contribuicio da lei-de-poténcia
em A = 60um para os seguintes valores: e =1-€,=0.0, 0.1, 0.5, 0.8, e 1.0. A partir
destes modelos foram calculados os indices de cor (25,12), «(60,25), e (100,60) cor-
respondentes. Os resultados estdo plotados nas Figuras 1.10 a 1.12. Como esperado, &
medida que €, se aproxima de 1.0 os indices de cor se aproximam do valor da poténcia da

lei-de-poténcia.
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Figura 1.10: Diagramas cor-cor para T, =350K incluindo efeitos de uma lei-de-poténcia.
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Figura 1.11: Diagramas cor-cor para Te,=800K incluindo efeitos de uma lei-de-poténcia.
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Figura 1.12: Diagramas cor-cor para Te,=1500K incluindo efeitos de uma lei-de-poténcia.
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Anteriormente, vimos que modelos de poeira ‘puros’ assumiam valores apenas a direita
da lei-de-poténcia, mas a inclusdo dos efeitos de uma lei-de-poténcia em diferentes pro-
porgdes faz com que os indices possam assumir valores também 4 esquerda da lei-de-poténcia,

podendo, assim, cobrir quase que todo o diagrama.




Capitulo I

A AMOSTRA DE GALAXIAS

II.1 Introducao

A andlise do espectro de emissdo no éptico e no infra-vermelho sers feita em galaxias
pertencentes a 3 conjuntos de objetos previamente selecionados por serem brilhantes no
infra-vermelho, a saber: 11 galdxias do hemisfério sul celeste, observadas e gentilmente
cedidas pelo Dr. Sebastian Lipari, do Observatério de Cérdoba, Argentina; 38 galaxias
observadas no Cerro Tololo, Chile, por Charles Bonatto e a Dra. Thaisa Storchi-Bergmann,
do Departamento de Astronomia do IF-UFRGS; e um terceiro conjunto de 188 galaxias

AGNs compilado a partir da literatura pela Dra. Miriani G. Pastoriza do IF-UFRGS.

II.2 Apresentagcdo da Amostra

I1.2.1 Galaxias observadas no CASLEO

O primeiro conjunto a ser analisado é formado por 11 galaxias IRAS do hemisfério
sul celeste, selecionadas a partir do catalogo de candidatas a AGNs (de Grijp et al.,
1987), sendo que 9 das 11 galdxias tinham “redshifts” nio conhecidos. Seus espectros
no éptico foram obtidos pelo Dr. S. Lipari com a ‘Z-MACHINE’ desenvolvida no Harvard
Smithsonian Center for Astrophysics. Maiores detalhes a respeito deste instrumento podem

ser encontrados nas seguintes referéncias: Tonry e Davis, 1979; Latham, 1982; da Costa
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et al., 1984. As observagdes foram tomadas com o espectrégrafo Cassegrain do telescépio
Ritchey-Chrétien de 2.15m do observatério de CASLEO, em San Juan, Argentina, no

periodo entre maio e novembro de 1989 1.

Essas observagdes foram feitas usando uma rede com 600 linhas/mm, dando uma

dispersao de 120A/mm, e cobrindo o intervalo espectral entre A ~ 40004 e ) ~ 7100A.

As medigdes foram tomadas através de um par de fendas de 3 x 6” separadas por 37”
para que fossem tomadas exposigGes simultdneas do objeto e do céu. O detetor emprega
um sistema Reticon 936 duplo acoplado a um tubo de imagem de alto ganho. Uma ex-

posi¢io completa para um objeto consistiu de 2 exposi¢des de mesmo tempo com a fonte
colocada alternadamente em cada um dos canais. Exposi¢ies de lampadas de comparacao
de He-Ne-Ar foram tomadas logo antes e depois do objeto. Normalmente, entre 50 e 60
linhas da ldmpada (e também linhas do céu) foram usadas num ajuste polinomial de ordem
7 para a solugdo em comprimentos de onda, com um residuo rms tipico da ordem de
0.4A. Exposigdes de lampadas incadescentes foram tomadas ao final de cada noite para
remover o padrao fixo de ruido que aparece na eletronica de leitura (Latham, 1982). Os
espectros foram calibrados em fluxo com estrelas do catdlogo Southern Spectrophotometric
Standard Stars de Stone e Baldwin (1983), seguindo técnicas padrdes de redugoes espec-
trofotométricas. O pacote de software empregado nas reducdes e nas andlises das linhas

de emissao foi desenvolvido por membros do Departamento de Astronomia do IF-UFRGS.

A Tabela IL.1 abaixo relaciona alguns dados a respeito destes objetos. A primeira coluna
dd a identificacdo de cada galaxia de acordo com suas coordenadas celestes, conforme o
catalogo IRAS Point Source Catalogue (1985); a segunda dé o nimero de identificagio
constante no catalogo de de Grijp et al. (1987), e a terceira d4 a identificagio , quando
existe, conforme vérios outros catdlogos de galdxias; depois ests o “redshift” z; a seguir esta

0 excesso de cor devido a nossa Galdxia E(B-V)g; na coluna 6 est4 o cédigo do “template”

! As galxias dessa amostra foram analisadas no 6ptico e no infra-vermelho, e o resultado dessas anélises
foi publicado no artigo “Optical and IR Emission of a Sample of IRAS Galaxies”, Lipari, Bonatto e
Pastoriza (1991).
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IRAS N  Nome z  EBV)e T EBV)p Class.
0019-7926 006 — 007289 002 — —  Sey2
0135-1307 030 — 0.04050 000 S2 000  Sey?
0137-2230 031  543-G11  0.08657 000 — —  Seyl
0310-5131 076 199IG23  0.07823 000 — —  Sey2
0336-1641 08 — 003735 000 S2 030  Sey2
1249-1308 309 M-02-33-034 001418 000 — —  Seyls
1258-3039 312 M-05-31-013 0.01633 0.04 — — Sy
15480344 383 — 003095 003 — —  Sey?
1834-6728 472 103-G40 001452 007 S2 010  Sey
1958-1818 495 — 003730 012  S2 000  Sey2
2020-5635 502 — 006011 003 — —  Seyld

Tabela IL.1: Dados gerais referentes as galdxias IRAS da primeira amostra.

(T) usado quando da subtragdo da populagio estelar (t6pico a ser discutido na secgao I11.2);
e E(B-V)p é o excesso de cor adicional necessirio para a subtragdo da populagio estelar;
e na coluna 8 estd a classificagio espectral de cada galaxia.

O avermelhamento Galactico, E(B-V)g, para cada objeto foi estimado procurando-se
por galdxias “vizinhas” nos catdlogos de Sandage e Tammann (1981) e de de Vaucouleurs
et al. (1976). O “redshift” z foi calculado medindo-se a posicéio do centréide de uma gaus-
siana centrada principalmente na linha [OIlI]s097, ou em Ha quando a linha [O111] A5007 né0
fosse util. As Figuras II.1-I1.4 mostram os 12 espectros j4 corrigidos pelo avermelhamento

Galéactico, calibrados nos comprimentos de onda de repouso e calibrados em fluxo.

I1.2.2 Galéaxias observadas no Cerro Tololo

O segundo conjunto de objetos é formado por 38 galdxias IRAS que, em 2 turnos,
em maio e setembro de 1990, foram observadas com o detetor bi-dimensional 2D-FRUTTI
acoplado ao foco Cassegrain do telescépio de 1m do observatério de Cerro Tololo, Chile, por
Charles Bonatto e Thaisa Storchi-Bergmann. A rede utilizada foi a #26 (600 linhas/mm)
com um angulo de 10°.25 (‘blaze’ em torno de 4900A), sendo que a fenda usada para as
galaxias tinha uma largura de 2054 m, o que equivale a 4”. Das 38 galdxias, 32 foram

selecionadas a partir do catdlogo de de Grijp et al. (1987), e as outras a partir de outros
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catdlogos de galaxias.

O procedimento observacional seguido foi o padréio: a0 comego e ao final de cada noite
eram tomados “sky-flats”; durante as tardes eram tomados “flat-fields” variando-se o angulo
da rede de forma a obter mais sinal no CCD tanto na regido do azul quanto na do vermelho;
usualmente eram tomadas 3 exposigGes consecutivas para cada galaxia, de 20 ou 30 minutos
cada; exposigdes de limpadas de comparagio e de estrelas padrdes eram feitas para cada

galdxia. Ao final de cada noite eram tomados “darks” com 10000 segundos de exposi¢ao

para cada um.

A redugo dos espectros foi feita com o pacote IRAF disponivel nas SUN Workstations
do Cerro Tololo e do IF-UFRGS em Porto Alegre, e seguindo os procedimentos padrdes
de redugdo de espectros bi- dimensionais. Apés a extragdo dos espectros uni-dimensionais
foi estimada sua resolugdo ajustando-se as linhas de emissio do céu presentes com uma
gaussiana. Foi obtida uma resolu¢io da ordem de FWHM =~ 4.5A.

As galdxias dessa segunda amostra, e que constam do catdlogo de de Grijp et al. (1987),
estao listadas na Tabela I1.2, sendo que as colunas tém o mesmo significado que na Tabela
II.1.

A Tabela I1.3 contém objetos que foram escolhidos a partir de outros catalogos e que
nao constam em de Grijp et al. (1987).

O avermelhamento Galdctico e o “redshift” foram estimados da mesma forma que para
as galdxias da amostra anterior. As Figuras IL5 e II.6 mostram alguns espectros das
Seyfert tipo 1 e 2 das galdxias dessa amostra j4 corrigidos pelo avermelhamento Galdctico,

calibrados nos comprimentos de onda de repouso e calibrados em fluxo.

I1.2.3 Compilagdo de galaxias

O terceiro grupo de galédxias foi compilado pela Dra. Miriani Pastoriza quando de sua
estada no Royal Greenwich Observatory na Inglaterra. Este grupo é composto de 188
AGNs compilados a partir da literatura, e os dados a serem utilizados em nossas anslises

sdo as densidades de fluxo nas bandas IRAS obtidas do IRAS Point Source Catalogue
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IRAS N Nome z  EB-Vlg T EB-V)p Class.
0141+0206 033 ~ Mk573 001678 001 S4 000  Sey2
0204-5526 041  153-G20  0.01997  0.00 Sey2

0230-3653 052  355-G25  0.01638 000 E4  0.00 Sey2
0230+0012 053  U02024  0.02177 001 E8  0.60 Sey2
0320-5150 080  200-IG9  0.05772 000 E8 0.15 Sey2
0322-0313 083 NGCI1320 0.00859 002 S2 020 Sey?2
0324-6055 085  116-G18  0.01812 001 E8 030  Liner?
0434-1029 139 Mk618 0.03495 003 — — Seyl

0457-7537 157 33-G2 0.01797 0.06 E4 0.10 Sey2
0509-3427 168 362-G8 0.01578 0.00 E8 0.40 Liner?
0518-3242 174 ES0362G18 0.01218 0.00 E4 0.00 Seyl

1832-5927 471 — 0.01957 0.10 E4 0.60 Seyl
1840-6225 473 140-G43 0.01438 0.05 S4 0.10 Seyl
1917-5846 484 141-G55 0.03715 0.04 — — Seyl
1924-4141 488 338-1G4 0.00938 0.08 — — HII

2004-6115 497 143-G9 0.01478 0.05 E4 0.30 Seyl
2016-5247 501 I1C4995 0.01618 0.03 E4 0.30 Sey2
2024-0226 503 2Zw083 0.02896 0.05 E8 0.20 Sey2
2048-5715 512 IC5063 0.01118 0.06 E4 0.50 Sey?2
2056-5211 513  235-IG26  0.05073 0.01 E4 0.20 Sey2
2117-2039 517 599-G6 0.03915 0.04 E4 0.00 HII
2136-2700 524 — 0.03076 0.01 E8 0.50 Liner?
2234-1248 537 Mk915 0.02397 0.04 E4 0.40 Seyl
223840748 538 U12138 0.02477 0.03 E8 0.42 Seyl
2247-1932 544 M-03-58-007 0.03156 0.01 E8 0.55 Sey2
2303-0005 549 U12348 0.02556 0.03 E4 0.35 Sey2
2325+0830 555 NGC7674  0.02876 0.02 E4 0.15 Sey2
0008-1223 565 Mk938 0.01837 0.01 E8 0.50 Sey2
0332-3618 601 NGCI1365 0.00591 0.00 S2 0.10 Sey2
1940-1027 714 NGC6814  0.00499 0.15 S2 0.15 Sey2
2159-3207 720 NGC7172  0.00800 0.00 52 0.50 HII
2316-4239 734 NGC7582  0.00499 0.00 S2 0.05 Sey2

Tabela II.2: Dados gerais referentes as galdxias IRAS da segunda amostra que constam em de

Grijp et al. (1987).
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Figura IL.5: Espectros das galdxias IRAS Seyfert 1 1058-3242, 11840-6225, e 11917-5846, ja

corrigidos por avermelhamento Galactico e pelo “redshift”, calibrados no comprimento de onda

de repouso e em fluxo absoluto.
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Figura I1.6: Espectros das galixias IRAS Seyfert 2 12016-5247, 12325+0830, e 12048-5715, j4

corrigidos por avermelhamento Galictico e pelo “redshift”, calibrados no comprimento de onda

de repouso e em fluxo absoluto.
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IRAS Nome z E(B-V)¢ T E(B-V)p Class.

0112-3255 IC1657  0.01238 000 E4 025 Sey?2
0230-3654 1C1816 0.01698 000 E4  0.20 Sey2
0130-3323 [ESO0353G09 0.01578  0.04 E4  0.30 Sey2
0412-3208 ESO420G13 0.01138 000 E4  0.00 Sey2
2019-3127 ESO462G09 0.01917 005 E8  0.50 HII
0222-1922 ESO545G13 0.03315 000 E8 025 Sey2

Tabela I1.3: Dados referentes as galixias IRAS da segunda amostra e que nao constam em de

Grijp et al. (1987).

(1985).

As galéxias dessa compilagao foram separadas conforme sua classificagao espectral, as-
sim, na Tabela I1.4 estdo reunidas as galdxias cuja classificacio na literatura corresponde
as Seyfert 1, na Tabela I1.5 estdo as Seyfert 2, na Tabela I1.6 estio agrupados os LINERs,
e na Tabela II.7 estdo as regibes HII nucleares. Nestas Tabelas a letra ‘L’ indica limite

superior de deteccao , e ‘:’ indica valor incerto.

O dados estdo reunidos da seguinte forma em cada Tabela: na primeira coluna estd a
identificagdo da galéxia, a seguir vém suas coordenadas celestes (relativas & 1950), depois
o “redshift” z, as densidades de fluxo nas 4 bandas IRAS, S, (em Jansky, sendo que
1Jy = 1073 erg cm2 s Hz™!); e na tltima coluna esta o logaritmo da luminosidade no

infra-vermelho, Lz (calculada conforme a seccdo I1.4), em relagdo & luminosidade Solar,

o ().
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S, (Jy)
Galdxia a(1950)  5(1950)  z 1%m 22pm 60um 100um log (%lg)
Mk334 0000355 214053 00220 0.25L 1.06L 419 433 10.67
MKk335 0003363 195529 00250 034 048 045 0.85L 9.91
ES0012-G21 0039160 -793054 0.0310 025L 036 145 281 10.61
004829 004853.1 290746 00360 025 063 094 182 10.56
MK975 0111127 130027 00500 0.37L 041L 078  1.49L 10.76
7wl 0119265 -011805 0.0540 0.25L 0450 144 202 11.05
PQ 0119570 225435 00479 048 026 096  0.85 10.71
NGC526A 0121420 -352000 00180 029 052 036L 0.85L 9.56
MKk359 0124501 185507 00170 0.25L 055 124  1.76 9.96
UGC1395 0152446 062206 0.0177 0.25 0.99 0.54 1.38 9.74
Mk1014 0157158 000910 00162 0250 063 230 220 10.13
Mk590 02 12 00.4 -0059 58 0.0270 0.30. 0.38L 0.53 1.41 10.11
Mk1040 0225145 310523 0.0160 0.66 1.32 2.73 4.73 10.28
Mk1048 02 32 10.5 -090021 0.0433 0.27L 0.58 1.43 1.91 10.84
254U0241+61 02 41 01.3 621527 0.0436 0.59 0.89: 0.79L 31.51L 11.63
Mk609 0322573 -061909 0.0343 0.29L 0.48 2.55 4.76 10.94
1E0412.5-0803 04 12 27.0 -08 03 08 0.038 0.25L 0.54 0.66 1.00 10.42
NGC1566 04 18 53.3 -5503 23 0.0040 0.56 0.94 12.50 41.27 9.86
3C120 0430316 051500 0.0330 0.38 0.71 1.30 2.56 10.62
0456+04 04 56 30.0 045429 0.0180 0.25 0.31 1.67 3.10 10.18
Mk1095 0513379 -001215 0.0330 0.40 0.48 0.65 1.31 10.32
MCGS8-11-11 05 51 09.7 46 2551 0.0766 0.63 1.99 2.76 4.32 11.68
HO0557-385 05 56 21.0 -38 2015 0.0399 0.53 0.70 0.42L 1.00 10.34
Mk6 06 45439 742910 0.0190 0.31L 0.68 1.11 0.94 9.94
Mk376 07 10 36.2 454707 0.0560 0.35L 0.58 0.86 1.27L 10.87
Mk9 07 32 42.2 58 5256 0.0390 0.30 0.53 0.87 1.47 10.57
Mk79 07 38 47.3 49 55 41 0.0220 0.31 0.78 1.49 2.09 10.26
Mk10 07 43074 610325 0.0300 0.25 0.30 0.84 2.13 10.40
NGC2639 08 40 00.0 502329 0.0110 0.35L. 0.40L 1.99 6.79 9.95
NGC2691 08 51 32.3 394340 0.0130 0.37. 0.28L 1.28 3.43 9.85
Mk704 0915394 163059 0.0290 0.44: 0.60 0.47L 1.00L 10.08
Mk705 09 2320.0 125703 0.0280 0.25L. 0.30L 0.67 1.56L 10.22
NGC2992 09 43 17.4 -14 0548 0.0070 0.60 1.38 6.76: 13.98 9.98
Mk124 09 4524.3 504329 0.0560 0.25L 0.29 0.67 1.00L. 10.76
Mk1239 09 49 46.3 -012335 0.0190 0.71 1.21 1.39 1.14 10.03
NGC3031 09 51 30.0 69 18 18 0.0004 0.25 0.25L 2.35 25.25 7.49
Mk141 101539.3 641306 0.0360 0.25L. 0.25L 0.75 1.73 10.49

Tabela I1.4: Galdxias da terceira amostra classificadas como Seyfert 1.
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Continuacdo da Tabela IL.4.

S, (Jy)
Galaxia «(1950)  6(1950) z  12um 25pm 60pm 100um log ( ]I:“g)
NGC3227 1020468 200706 0.0030 0.67 1.75 7.84  16.93 931
TON524A 1028464 290227 0.0600 0.251. 086  2.18 3.26 11.34
A1058+45 105842.0 455529 0.0290 0.25L 0.26L.  0.61 1.60 10.24
NGC3516 1103228 725020 0.0090 046 093 1.73 2.08 9.52
ESO438-G9 11 0822.0 -281342 0.0243 0.37L 0.57 3.24 4.06 10.67
Mk734 1119109 120047 0.0490 0.30L 0.48L 0.51 1.08L 10.59
MK423 1124076 353117 0.0320 0.28L 0.25L  1.36 2.20 10.58
NGC3718  112950.0 532042 0.0030 0.36L 0.62L 0.81L 2.81 8.43
NGC3783 1136 33.0 -372741 00090 080 245 3.33 4.93 9.83
1SZ96 11 58 06.0 -20 3400 0.0619 0.25L 0.39L 1.67 2.38 11.25
NGC4051 12 00 36.4 44 48 35 0.0020 0.79 1.42 8.16 20.35 9.01
NGC4253 1215 55.6 300526 0.0126 0.41 1.38 4.01 4.07 10.15
Mk205 1219 31.8 753510 0.0700 0.25L 0.66L 0.40L 1.31 10.90
NGC4579 123512.0 120536 0.0060 0.38L 0.33L 4.46 17.38 9.81
NGC4593 12 37 05.0 -0504 12 0.0090 0.37 0.93 2.75 5.79 9.81
NGC4594 12 37 23.0 -112100 0.0020 0.57L  0.43: 3.12 11.72 8.68
Mk231 12 54 05.0 57 08 38 0.0409 1.82 8.56  33.26 30.05 12.11
NGC5033 1311 08.0 36 5150 0.0030 0.78 1.06 13.08 43.55 9.63
Mk1347 1320 25.0 082520 0.0500 0.32L 0.50L 0.90 1.69: 10.83
IC4329A 13 46 27.9 -30 03 41 0.0140 1.06 2.27 2.01 1.55 9.92
Mk279 1351525 693316 0.0310 0.25L 0.31 1.08 2.49 10.52
1Zw81 1406 20.4 490556 0.0520 0.28L 0.25L 0.49 1.08 10.63
NGC5548 14 1543.7 252159 0.0170 0.38: 0.77 1.04 1.66 9.90
Mk471 14 20 46.9 330437 0.0340 0.25L 0.33L 0.64 1.99 10.44
NGC5683 14 33 06.1 48 5247 0.0409 0.25L 0.25L 0.52 1.28 10.46
Mk478 1440 04.8 353856 0.0783 0.25L 0.25L 0.59 1.02 11.04
Mk841 1501 36.3 103756 0.0363 0.39L 0.45 0.51 1.00 10.30
Mk845 1506 12.5 513841 0.0420 0.25L 0.25L  0.40L 1.09 10.39
NGC5940 1528 51.3 07 3738 0.0330 0.25L 0.25L 0.78 1.71: 10.42
Mk493 1557 16.6 351013 0.0310 0.25L 0.29 0.64 1.29 10.26
Mk871 16 06 15.6 122741 0.0340 0.25L 0.41 0.81 1.04: 10.37
Mk876 16 13 36.3 6550 38 0.0127 0.25L 0.25 0.63 1.06: 9.43
NGC6104 16 14 40.1 354950 0.0280 0.25L 0.25L 0.54 1.69 10.19
Mk1498 16 24 48.5 515305 0.0563 0.25L 0.30 0.41: 1.00L 10.65
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Continuagao da Tabela I1.4 .

Sy (Jy)
Galéxia a(1950)  §(1950) 2z 1%m 2Bpm 60pm 100um log (]Iflg)
MK883 162747.1 243306 00380 038L 031L 110 111 10.57
VIIZw653 1636000 853600 00627 027L 032 046  1.00L 10.77
Mk700 1701211 313126 00340 025L 033 219 256 10.79
UGCL0683B 1702247 -012823 00310 0.25L 0.30L 056  1.56 10.27
Kz163 1747180 683658 00626 1150 025L 044  2.61L 11.00
ESO103-G35 1833220 -652818 0.0133 058 238 295 146 9.90
3C390.3 184537.6 794306 00570 0250 020 040L 1.00L 10.65
MKk509 2041262 -105417 00353 035 075 140 137 10.61
MK896 043445 025947 00270 025 025 063 153 10.17
11Zw136 213001.2 095501 0.0617 0.29 0.45 0.52 1.00L 10.79
Mk516 21 53 528 070743 0.0280 0.39L 0.31L 1.35 2.18 10.46
NGC7214 2206 30.0 -280510 0.0227 0.25L 0.50: 2.10 5.03 10.53
NG(C7314 22 33 00.0 -26 18 30 0.0060 0.27L 0.66 3.33 14.41 9.71
Akmb64 22 40 18.3 292747 0.0250 0.25L 0.57 1.00 1.11 10.17
NGC7469 230044.5 083618 0.0170 1.30 5.50 26.67 34.40 11.27
Mk315 2301358 222113 0.0400 0.39L 0.41 1.49 2.73L 10.84
NGC7603 23 16 22.7 -00 01 48 0.0290 0.36 0.48L 0.82 2.03 10.35
UM163 23 27 58.0 -02 44 20 0.0320 0.25 0.31L 0.73 1.27 10.32
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Sy (Jy)
Galdxia o(1950)  6(1950) 2 1%m 2%um 60ym 100pm log (]Ifm)
©
MK955 0035081 000021 00350 025L O041L 094 2,05 10.55
Mk957 003909.7 400451 00370 025L 028 214 333 10.90
M348 0046049 314104 00159 034 078 143 175 9.94
TOL109-383 0109098 -382056 00109 109 177 183 195 9.69
Mk1 011319.6 324933 00160 180 081 228 273 10.14
ES0195-G35 0113450 -502700 00170 025 178 066 154 9.77
NGC513 0121373 333222 0.0160 025L 0.0  1.83 4.08 10.15
MK993 0122427 315235 00170 025L O0.73L 040L  1.23 9.61
MkI157 0130389 352445 00150 O025L 046 197  3.19 10.07
VZws5 0137357 315938 00650 0271 030L 0750 1.4 10.99
ESO197-G27 02 09 02.0 -49 55 50 0.0460 0.25L 0.26 0.58 1.37 10.61
NGC1068 024007.1 -001331 0.0030 3830 86.83 185.58 238.70 10.60
NGC1097 02 44 12.0 -3029 00 0.0040 1.85 5.83  45.49 82.53 10.29
Mk1058 0246 470 344654 0.0180 0.25L.  0.26L 0.66 1.45 9.81
NGC1144 02 52 38.0 -0023 10 0.0290 0.33 0.71 5.23 11.21 11.13
Mk1066 02 56 49.0 36 37 18 0.0120 0.50 232  10.28 12.71 10.55
NGC1229 03 05 59.0 -23 08 50 0.0350 0.28 0.81 1.54 1.86 10.67
Mk1073 03 11429 415103 0.0230 0.47 1.43 8.11 11.42 11.04
Mk612 0328099 -031835 0.0199 0.25L 0.30L 1.13 1.77 10.07
NGC1386 03 34 51.0 -36 09 47 0.0020 0.50 1.45 5.82 9.54 8.78
NGC1409 03 38 38.0 -012744 0.0247 0.25L 0.25L 0.86 2.00 10.22
NGC1667 04 46 10.0 -06 24 20 0.0150 0.40 0.67 5.77 14.21 10.61
NGC1685 04 50 02.8 -03 0129 0.0140 0.38 0.39L 1.06 1.69 9.73
UGC3255 0507 10.0 072529 0.0190 0.25 0.25 1.12 2.49 10.09
NGC2110 05 49 46.4 -07 28 02 0.0070 0.39 0.89 4.39 6.08 9.72
Mk3 06 09 48.4 7103 11 0.0140 0.70 2.86 3.88 3.35 10.21
NGC2273 06 45 37.5 6054 13 0.0060 0.46 1.37 6.24 9.91 9.76
Mk78 07 37 56.8 651742 0.0380 0.25L 0.54 1.12 1.18 10.59
Mk1210 08 0127.0 051522 0.0130 0.56 2.10 1.82 1.44 9.81
NGC3281 1029 37.0 -34 35 48 0.0110 0.88 2.58 6.66 7.40 10.27
Mk34 1030514 601722 0.0510 0.26 0.47 0.95 1.10 10.79
NGC3393 10 46 00.0 -24 53 48 0.0120 0.25L 0.72 2.35 3.78 9.95
NGC3660 1121 00.5 -0823 16 0.0110 0.26L 0.25L 1.91 4.48 9.85
Mk176 1129 54.3 531330 0.0270 0.29L  0.28: 0.75 1.31L 10.18
Mk1457 1144 426 524339 0.0490 0.25L 0.32L 0.89 1.12L 10.74
NGC3982 11 53 52.1 5524 10 0.0030 0.49 0.84 6.83 15.45 9.26
Mk198 12 06 43.2 472007 0.0240 0.25L 0.27L 0.63 2.20L 10.15

Tabela I1.5: Galdxias da terceira amostra classificadas como Seyfert 2.
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Continuagao da Tabela IL5,

Sy (Jy)
Galdxia o(1950)  5(1950) 2  12%m Bum 60pm 100um log (%g)
NGC4388 1223140 125620 0.0080 0.10 3.57 10.73 17.27 10.25
NGC4507 1232545 -393802 00120 046 142 450 540  10.19

ES0381-G8 123809.0 -362920 0.0109 0.66 232 708 10.77 10.33
NGC4922B 1259000 293529 00240 032L 132  6.51 6.80 10.94

NGC4941 1301370 -051700 0.0030 0.25L 0.58L  1.31 3.95 8.61
NGC4968 130423.5 -232431 0.0093 040 1.26 230 3.23 9.69
NGC5005 1308370 371920 0.0033 0.66 1.09 1847  58.25 9.85
1319-164P11 1319423 -162753 0.0167 086 281  5.61 0.61 10.55
NGC5135 132256.6 -293424 00130 0.68 249 1594  30.05 10.88
NGC5194 1327460 472720 0.0010 137 240 31.68 121.42 9.09
1331-234P11 13 31 51.2 -232526 0.0087 0.25 0.37 0.91 1.72 9.28
1331-231P11 13 31 56.4 -23 11 36 0.0446 0.98 0.63 0.89 1.60 10.71
1335439 13 35 30.0 392529 0.0200 0.25 0.28L 0.93 2.29 10.07
NGC5256 13 36 14.6 483153 0.0277 0.48L 1.03L 7.20 11.80 11.18
Mk268 1338540 303749 0.0410 0.25L 0.28 1.42 1.711 10.78
NGC5347 135104.0 334415 0.0080 0.34 0.93 1.44 2.59 9.40
NGC5427 1400 49.0 -054730 0.0087 0.34: 0.63: 4.77 15.96 10.12
Mk673 141506.1 270515 0.0360 0.25 0.36 2.85 5.35 11.03
NGC5643 14 29 28.0 -43 57 15 0.0030 0.87 3.37 1845 43.26 9.70
NGC5674 1431225 054038 0.0250 0.25L 0.36L 1.48 3.36 10.46
Mk477 1439025 534304 0.0380 0.25L 0.54 1.35 1.77 10.70
ESO273-1G04 14 45 26.0 -43 43 25 0.0373 0.55 1.80 4.75 5.37 11.21
1524+117P11 1524 04.5 004604 0.0507 0.25 0.47 0.90 1.28: 10.79
NGC5929 1524 19.0 41 50 40 0.0080 0.40 1.63 9.30 13.26 10.17
ES01530-085 15 30 37.0 -08 3122 0.0230 0.25L  0.48: 1.94 3.48 10.46
NGC5953 153213.2 152140 0.0073 0.57 1.08 10.24 19.71 10.18
1C4553/Arp220 1532 48.6 23 4007 0.0180 0.48 8.15 103.68 116.25 11.89
3C327 1559 54.1 0206 30 0.1040 0.30L 0.38 0.60  1.00L - 11.31
NGC6221 16 48 25.0 -59 08 00 0.0040 1.51 5.31  35.96 33.23 10.09
NGC6300 1712 18.0 -62 4550 0.0030 0.75 217  13.80 39.35 9.62
Mk507 17 48 55.4 68 4250 0.0530 0.25L  0.25L 0.60 1.15 10.71
1C4777 1844 11.0 -531230 0.0187 0.27L 0.26L 0.71 1.44L 9.86
F513 1918 25.0 -740400 0.0700 0.25L 0.25L 1.74 1.96 11.34
3C405/(CygA) 1957444 403546 0.0570 0.25L 1.07 2.29 0.11 11.12
NGC6890 20 14 50.0 -44 57 20 0.0080 0.46 0.76 3.66 8.59 9.85
IC5135 2145196 -351107 0.0160 0.63 216  16.41 25.52 11.04

NGC7212 2204339 095920 0.0260 0.34L 0.74 2.95 4.96 10.74
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Continuagéo da Tabela IL.5.

Sv (Jy)
Galéxia ~ «(1950)  4(1950) z  12pm 2%pm 60pm 100pm log (%‘3)
F357 2223390 -703900 0.0280 0.25L 025L  0.76 1.55 10.25
NGC7319 2233500 334329 0.0220 0.25L 0.29L (.64 2.89 10.15
Mk917 2238482 315430 0.0250 032L 0.69  3.86 5.58 10.79
NGC7496 230659.0 -434200 0.0500 033 153 842 1481 11.79
NGCT592 2315473 -044122 0.0223 036 110 795 10.36 10.99
NGC7590 231611.0 -423040 0.0050 052 085 797 1743 9.75
NGC7682 2326310 031530 0.0170 051 116 7.29 9.53 10.71
Sy (Jy)
Galéxia «(1950)  4(1950) z 124m  25pum 60pm 100um log <%§)
NGC253 0045058 -253339 0.0010 20.57 117.08 758.62 1044.83 10.26
NGC1052 02 38 37.0 -08 28 06 0.0050 0.30L 0.53 0.93 1.37: 8.76
NGC4438 122514.0 131710 0.0003 0.25L 0.27L 4.01 10.44 7.06
NGC5635 1426 18.9 273754 0.0140 0.25L 0.25L  0.40L 1.68 9.52
NGC5675 143036.4 363119 0.0140 0.25L 0.25L 0.56 2.01 9.63
NGC6240 16 50 28.0 02 28 55 0.0240 0.57 3.52 2321 25.88 11.50
NGC6500 17 5348.1 182040 0.0100 0.25L 0.25L 0.73 2.55 9.44
NGC7213 2206 12.0 -472500 0.0060 0.64 0.75 2.54 8.28 9.52

Tabela I1.6: Galixias da terceira amostra classificadas como LINERs.

II1.3 Obtencao dos Fluxos das Linhas de Emissao

Para a anélise de correlacio entre linhas no éptico e a luminosidade no infra-vermelho
é necessdrio que os fluxos integrados dessas linhas sejam bem determinados. Nesta se¢do
descreveremos como foram obtidos esses fluxos integrados.

Vérias das galdxias de nossas amostras apresentam em seus espectros caracteristicas
de absor¢do que podem ser atribuidas & populacdo estelar subjacente. A contribuicio da
populagéo estelar ao espectro observado varia para cada galsxia, e é importante que ela seja
levada em conta para que a emisso seja isolada e para que possamos analisar puramente

0 géas de emissdo dessas galaxias.
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Sy (Jy)
Galaxia «(1950)  0(1950) z  12pm 25pm 60pm 100pm log (]Lﬂlg)
3C178 0722344 -093405 0.0080 044 096 8.76 1743 10.20

Mk739A 1133528 215222 00293 4.25L 0.36: 1.41 2.33 10.52
1246-111P11 1246 53.3 -110742 0.0483 0.25L 047L  2.68 5.20 11.28

NGC4990 1306 41.8 -050024 0.0100 0.34 099L  2.89 2.63 9.80
Mk789 1329554 112143 0.0320 028 074 3.79 5.36 11.00
Mk298 16 0321.9 175606 0.0340 0.25L 0.25L 0.53  1.00L 10.25
NGC6764 1907015 505106 0.0080 038 134 641 1147 10.04
1C4870 193248 -655530 0.0026 0.38L 0.25L 071 1.28L 8.11

Mk309 2250009 242754 00430 02L 072 346 5.53L 11.25
NGC7466 2259383 264659 0.0247 0.38L 025L 087 244 10.26

Tabela I1.7: Galdxias da terceira amostra classificadas como Regides HII nucleares.

Para este fim, n6s seguimos o método de sintese de populagao estelar desenvolvido pelo
Dr. Eduardo Bica, membro do Departamento de Astronomia do IF-UFRGS, e descrito em
Bica (1988). A aplicacdo deste método s nossas galdxias e os resultados estdo descritos
na secgao III.2.

Apés as corregdes dos espectros pelo avermelhamento Galactico e pelo “redshift”, e a
subtracao da populagao estelar (para os objetos passiveis disto), os fluxos foram medidos
ajustando-se Gaussianas as linhas de emissao livres de absor¢dao . Exemplos deste procedi-
mento podem ser vistos na Figura I1.7. 2 Os fluxos integrados assim obtidos estdo listados

nas Tabelas I1.8 a I1.11.

J1.3.1 Avermelhamento interno

O decremento de Balmer observado nos objetos indica a presenga de poeira nas regides
emissoras de linhas. N6s assumimos que as propriedades épticas da poeira nestas galdxias

sao as mesmas que em nossa Galdxia e, por falta de outras linhas, usamos apenas a razio

2No processo de decomposigio de linhas por Gaussianas, encontra-se que, para algumas galdxias sio
b ’ » P

necessarias mais de uma componente para se chegar a um bom ajuste dos perfis, especialmente para Ha.
Em geral, para esse casos, encontramos uma componente ‘larga’ com FWHM > 2000km s~!, e outra

‘estreita’ com FWHM < 700km s—!.
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Figura I1.7: Exemplos da decomposi¢io por Gaussianas de linhas de emissdo da galdxia Seyfert 1

10137-2230. Painel (a) mostra HB + [OIII]xs007, € Painel (b) Ha + [NII]xe548,83-
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observada de Ha/H para a determinacio da extincéio interna. Seguindo Veuilleux e Os-
terbrock (1987), assumimos uma razdo intrinseca (Ha/HB),, = 3.0 para nossos objetos
porque a excitagdo colisional desempenha um papel importante na determinagdo do espec-
tro de linhas de emisséio em AGNSs. A corrego pelo avermelhamento interno foi efetuada
assumindo as curvas da extingdo interestelar publicadas por Seaton (1979), e aplicando a
seguinte expressao :

FO(/\) = FObs(/\) X 10[0‘4E(B_V)1X($)]

)

onde Fip(A) € Fops(A) sdo , respectivamente, os fluxos corrigido e observado em A x(z) é

a fungdo de extingdo , e £ = 1/), com X expresso em um. x(z) foi expresso como um

polindmio de terceira ordem obtido do ajuste dos pontos da curva de extingao dados por

Nandy et al. (1975).

O excesso de cor interno E(B-V); foi obtido da seguinte expresséo:

log [ ((IrI%/H[%);b,]
E(B - V), =25 [P

x(HB) — x(Ha)

Na Tabela I1.8 abaixo, estéo listados os fluxos integrados absolutos de algumas linhas,

medidos nas galdxias da amostra do CASLEO que apresentam apenas uma componente em
Ha e em Hf, quando da decomposi¢do por Gaussianas. As linhas listadas sio: [OI1I] x5007,
[OI] x6300, Hev, [NIT] 56583, € [SII)ae71746731, € seus fluxos estio dados em relacao ao fluxo de
Hf e multiplicados por 100. O valor absoluto de HB (em 10 ergs s-! cm™2) estd na
coluna 7, e na coluna 8 estd o excesso de cor interno E(B-V);, calculado a partir da razao
(Ha/Hp)o,,- Na primeira linha para cada objeto estdo os fluxos obtidos nos espectros
observados e descontados da contribuicio da populacdo estelar, e na segunda linha estdo
dados os valores dos fluxos corrigidos pelb avermelhamento interno.

Note-se que para 11258-3039 e 118346728, apenas as linhas Ho e [NII] 6583 puderam
ser medidas. Seus fluxos absolutos, ndo relativos 4 Hf, e em 10 ergs s~! cm™2, estdo
dados na Tabela II.8.

Na Tabela I1.9 abaixo, estdo listados os fluxos integrados absolutos de algumas linhas,

medidos nas galixias da amostra do CASLEO que apresentam 2 componentes em Ho e
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100 x —& 10"xF(H
i) (Hg)

Galixia | [OII [0 Ha (NI [SIT] | ergss~' em~2 | E(B-V);

0019-7926 785 45 514 294 163 0.9 0.50
Corr. 743 28 300 171 91 5.1

0135-1307 | 1021 8 717 621 169 14 0.81
Corr. 933 40 300 257 66 224

0310-5131 | 1277 66 510 297 — 0.7 0.49
Corr. 1209 41 300 174 — 3.7

0336-1641 608 — 405 327 190 0.6 0.28
Corr. 589 — 300 242 138 1.6

1258-3039 — — 498 3.72 — — —
Corr. - - — - - —

1548-0344 | 1109 48 429 328 176 1.8 0.33
Corr. 1069 35 300 228 120 5.5

18346728 — — 294 1.16 — — —
Corr. - - = = = —

1958-1818 | 927 — 1168 716 292 0.4 1.27
Corr. 806 — 300 182 68 26.9

Tabela I1.8: Fluxos integrados, observados e corrigidos, de linhas das galdxias com 1 componente

em Ha da amostra do CASLEO.
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100 x mfm 10" xF(Hg)r
Galixia | (Hf)p (HA)v [OHI] [OI] (Ha)s (Ha)y [NII [SIT] | ergss! em=2 E(B-V),
0137-2230 79 21 58 — 289 22 11 — 14.6 0.04
Corr. 79 21 5 — 278 21 10 — 16.4
1249-1308 100 — 199 8 260 74 65 38 15.0 0.10
Corr. 100 — 197 7 234 66 9 M 24.0
2020-5635 100 — 1436 62 445 243 235 186 1.0 0.77
Corr. 100 — 1318 30 194 106 102 76 13.7

Tabela IL.9: Fluxos integrados, observados e corrigidos, de linhas das galdxias com 2 compo-

nentes em Ha da amostra do CASLEOQ.

em Hf, quando da decomposigdo por Gaussianas: uma componente “larga” (indicada pelo
subscrito ‘B’) e outra estreita (indicada pelo subscrito ‘N’). Note-se que a normalizagao
é feita em relagdo 4 soma das componentes de H3 (para 10137-2230), e o excesso de cor

interno é calculado levando-se em conta os fluxos totais de Ho e de HpS.

Na Tabela II.10 abaixo, estao listados os fluxos integrados absolutos de algumas linhas,
medidos nas galdxias da amostra de Tololo que apresentam apenas uma componente em
Ho e em HB. Como estes espectros se estendem no azul até \ =~ 37 00A, foi incluida nesta
Tabela a linha [OII]3727. Na Tabela II1.11 estdo listados os fluxos obtidos das galaxias com

mais de uma componente em Ho.
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F 14
Galixia | [OI [OIN] [0 Ho (NI ([SII | ergss~ cm2 | E(B-V);

014140206 | 315 1505 33 451 336 9292 7.2 0.38
Corr. 437 1443 23 300 223 189 25.9

0204-5526 864 888 — 780 945 — 0.3 0.89
Corr. 1863 805 — 300 360 — 5.4

023040012 | 320 413 — 326 356 — 6.5 0.08
Corr. 342 410 — 300 3271 — 84

0320-5150 51 620 — 307 168 88 1.1 0.02
Corr. 52 619 — 300 164 86 1.2

0322-0313 292 1649 9 1072 523 640 0.9 1.19
Corr. 813 1446 31 300 144 163 51.8

0324-6055 366 157 85 302 173 — 4.0 0.01
Corr. 367 157 85 300 172 — 4.1

0457-7537 203 576 — 578 4908 — 14 0.61
Corr. 344 538 — 300 257 — 11.1

0509-3427 406 233 — 304 453 — 5.0 0.01
Corr. 410 233 — 300 447 — 5.2

1924-4141 144 825 8 380 11 — 8.6 0.22
Corr. 174 805 6 300 8 — 18.2

2016-5247 212 1522 132 411 307 422 3.4 0.29
Corr. 273 1473 100 300 223 301 9.3

2024-0226 — 380 — 313 157 — 9.0 0.04
Corr. — 379 — 300 150 — 10.3

2048-5715 347 1110 46 401 269 204 34.1 0.27
Corr. 438 1077 36 300 201 149 84.9

2056-5211 310 1101 37 370 609 217 1.9 0.19
Corr. 367 1078 31 300 493 174 3.7

2117-2039 86 101 148 934 414 232 0.8 1.06
Corr. 214 89 55 300 131 69 30.0

2136-2700 208 175 62 300 210 123 4.4 0.00
Corr. 208 175 62 300 210 123 4.4

2247-1932 102 548 40 300 84 49 8.8 0.00
Corr. 102 548 40 300 84 49 8.8

2303-0005 224 815 — 622 516 — 1.6 0.68
Corr. 404 756 — 300 247 — 16.0

Tabela I1.10: Fluxos integrados, observados e corrigidos, de linhas das galdxias com 1 compo-

nente em Ho da amostra de Tololo.
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Continuagdo da Tabela II.10.

F 14
100 x i) 10**xF(Hp)
Galixia | [OII] [OHI] [O] Ha NI ([SII | ergss~ cm=2 | E(B-V);

0008-1223 | 441 251 — 823 682 411 3.2 0.94
Corr. 993 226 — 300 246 139 76.7

2159-3207 | 117 8 — 517 131 — 11.5 0.51
Corr. 181 78— 300 n - 64.0

2316-4239 70 283 29 T45 489 253 4.4 0.85
Corr. 146 258 13 300 195 96 78.0

0112-3255 | 284 213 — 356 347 — 1.0 0.16
Corr. 326 209 — 30 292 — 1.8

0130-3323 | 176 322 110 491 490 — 2.9 0.46
Corr. 261 306 72 300 298 — 13.8

0412-3208 | 120 321 70 786 567 226 4.6 0.90
Corr. 260 291 30 300 214 81 95.4

2019-3127 72 95 21 307 126 103 8.5 0.02
Corr. 74 95 20 300 123 101 9.2

0222-1922 87 526 81 337 202 — 5.0 0.11
Corr. 95 520 73 300 180 — 7.2

I1.4 Luminosidades no Optico e no Infra-Vermelho

Tendo j& obtido os fluxos integrados absolutos das linhas de emissdo, pode-se calcu-

lar suas luminosidades. Para este cilculo foi utilizado uma constante de Hubble Ho =

50km s~! Mpc~1.

Assim, numa mesma tabela foram reunidos dados referentes 4s luminosidades no infra-

vermelho e no éptico. Na Tabela I1.12 abaixo para a amostra de CASLEO, as densidades

de fluxo nas bandas IRAS estdo listadas nas colunas 2 a 5, e a luminosidade no infra-

vermelho estd na coluna 6; nas colunas 7 a 9 estio as luminosidades de Hg, [OIII]s007,

e de Ha (em relagdo & Solar) medidas nos espectros sem ter sido feita a corregdo pelo

avermelhamento interno; e nas 3 ltimas colunas estio as luminosidades de Hp, [OI1I]s007,

e de Ha corrigidas pelo avermelhamento interno.

A luminosidade no infra-vermelho ¢ calculada da seguinte forma:

log(Lir) = log(Fir) + 2 log[z(1 + 2)] + 57.28,
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100 X —yF 1014
FHa)r 07 xF(Hg)r

Galixia | [O1 (HB)p (HB)y [OII] [OI] (Ha)p (Ha)y [NI] [SI] | ergss~! em=2 | E(B-V);

0230-3653 | 222 — 100 783 74 575 195 186 229 2.7 0.82
Corr. 474 - 00 710 32 224 % 72 83 52.8

0434-1029 4 91 9 48 2 253 76 22 — 18.7 0.09
Corr. 4 91 9 48 1 231 69 20 — 25.2

0518-3242 262 . 100 898 58 917 418 147 — 3.2 1.39
Corr. 871 - 100 770 16 207 94 32 — 352.0

1832-5927 123 58 41 347 31 349 233 155 76 44.0 0.62
Corr. 209 58 42 324 18 180 120 79 37 356.0

1840-6225 15 92 8 75 — 298 348 26 — 34.1 0.71
Corr. 28 93 7 65 — 139 161 12 — 384

1917-5846 — 83 17 26 — 141 161 5 — 41.7 0.01
Corr. — 83 17 26 — 140 160 5 — 42.6

2004-6115 28 85 15 85 17 466 107 48 36 41.0 0.69
Corr. 47 85 14 79 9 244 56 25 18 316

2234-1248 259 14 86 921 40 453 225 102 137 18.0 0.76
Corr. 500 14 86 847 19 200 100 45 57 236.1

223840748 45 77 23 148 10 230 70 51 32 30.5 0.00
Corr. 45 77 23 148 10 230 70 51 32 30.5

232540830 122 56 43 1196 19 344 326 250 152 9.8 0.75
Corr. 232 57 43 1103 9 154 146 111 64 123.0

0332-3618 15 42 58 120 21 572 389 146 71 15.1 1.08
Corr. 39 42 58 106 8 178 122 45 20 593.0

1940-1027 23 97 3 108 — 437 50 54 76 23.0 0.45
Corr. 34 97 3 103 — 270 30 33 45 106.0

0230-3654 97 81 19 892 58 629 106 120 178 6.4 0.83
Corr. 200 81 18 814 27 256 43 49 68 108.0

Tabela I1.11: Fluxos integrados, observados e corrigidos, de linhas das galdxias com 2 compo-

nentes em Ha da amostra de Tololo.
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onde Fz=1.26 x 10711(2.5855 + S100) erg s™! cm=2, e S € S1q0 50 as densidades de fluxo

(em Jy) medidas em 60 e 1001 m respectivamente.

S, (Jy) log (I%) (NCorr.) | log (LL(;) (Corr.)
Galixia |12um 25um 60pm 100um | log (%g) Hf [ON] Ho| HB [ONI] Ha
0019-7926 | 031 121 320  275| 1162|771 860 842|840 927 889
0135-1307 | 0.46L 047 097  122| 1061|739 840 825|854 951 903
0137-2230 | 0.25L 029 053 100L| 1111 |9.04 880 953|904 880 953
0310-5131 | 0.25L 0.8 054  092: | 1101|764 874 835|832 940 881
0336-1641 | 0.39L 054 105 355L| 1076 [ 697 775 758|734 811 7.83
1249-1308 | 0.25L  0.50: 119 231 084 [ 751 781 804|762 791 811
1258-3039 | 0.25L  0.26: 095  2.33 991 — — 716 — — —
1548-0344 | 0.28L 075 118 427L| 1066|725 830 789|770 873 8.19
1834-6728 | 0.25L  030: 146  424| 1003| — — 683| — — —
1958-1818 0.36: 0.69 0.92 1.21 10.52 | 6.74 7.70 7.80 | 8.55 9.46 9.04
2020-5635 | 0.25L 0.16: 0.65 1.23L 10.86 | 7.57 8.73 8.41 | 8.66 9.78 9.15

Tabela I1.12: Luminosidades de linhas no dptico e no infra-vermelho paré as galdxias da amostra

de CASLEO.

O mesmo foi feito para os objetos observados em Tololo e suas luminosidades no 6ptico

e no infra-vermelho estao reunidas na Tabela I1.13 abaixo.

significado que na Tabela I1.12.

As colunas tém o mesmo

Para alguns dos objetos mais luminosos no infra-vermelho listados nas Tabelas I1.4 e

I1.5, encontramos na literatura (Dahari e De Robertis, 1988; Morris e Ward, 1988) fluxos

absolutos de HB, [OIlI]xs007, € de Ha. As luminosidades correspondentes a essas linhas

estdo reunidas na Tabela I1.14 juntamente com L, € com o excesso de cor interno.
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S, (J lo (L) NCorr. (L) .
3 g (i) (Corm) | 1og (1L (Cor)
Galdxia |12um 25um 60pm 100pm log(%lg) Hf [Ol] Ho| HA [OI] Ha
014140206 | 0.29L  0.80 127  1.6: 991|734 852 799|790 9.06 8.37
0204-5526 | 0.32L 0.23: 090  2.53 1028 | 6.05 7.00 6.95|736 827 7.84
0230-3653 | 0.25L 042 142 240 1001 | 6.89 7.79 7.78 [ 819 9.04 866
0230+0012 | 0.25L  0.87 276  2.72 1048 | 7.52 814 803|763 825 811
0320-5150 | 0.25L  0.51  0.59  1.00L 10.76 | 7.58 837 807|762 841 810
0322-0313 | 0.33 108 236  2.88 962 |58 708 689|762 878 810
0324-6055 | 0.18: 063 151  2.07 1010 | 7.15  7.35 7.63|716 7.36 7.64
0434-1020 | 033 079 275 407 10.95 | 8.38 807 890|851 817 899
0457-7537 | 0.39 044 070 155 984|660 745 745|759 832 807
0509-3427 | 0.25L 0.19: 0.64 0.82 9.59 | 7.13 7.50 761 | 7.15 7.51 7.62
0518-3242 | 0.25L 0.59 1.49 2.02 9.74 | 6.71 7.66 7.83 | 8.75 964 9.23
1832-5927 | 059 137 321 425 1049 | 826 880 9.02 917 968 964
1840-6225 0.38 0.86 2.00 2.62 10.01 | 7.88 7.76 8.69 | 8.93 8.75 941
1917-5846 0.25: 0.35 0.62 4.76L 10.76 | 8.79 8.20 9.27 | 8.79 8.21 9.27
1924-4141 | 0.43L 0.44 1.64 1.11: 947 | 6.92 784 750 7.24 8.15 7.72
2004-6115 0.24: 0.35 1.05 2.58 9.86 | 7.99 7.92 8.75 | 8.87 8.77 9.35
2016-5247 | 0.25L 0.36 0.90 1.28 9.78 | 6.99 817 7.60 | 7.42 8.59 7.90
2024-0226 0.37 0.91 1.12 1.68 1040 | 7.91 849 840 7.97 8.54 8.44
2048-5715 1.16 3.84 5.98 4.43 10.19 | 7.67 8.71 8.27 | 8.06 9.09 8.54
2056-5211 | 0.25L 0.35 1.20 1.44 10.90 | 7.71 8.75 8.28 | 8.00 9.03 8.47
2117-2039 | 0.25L 0.36: 1.94 2.39 10.88 | 7.11 7.12 8.08 | 8.69 8.64 9.16
2136-2700 | 0.25L 0.30 1.22 1.74 10.48 | 7.65 7.890 8.12 ] 7.65 7.80 8.12
2234-1248 | 0.52L 0.32 0.45: 1.08L 9.92 | 8.05 9.01 8.88{9.16 10.09 9.64
223840748 | 0.41L 0.41: 0.86 1.43 10.16 | 8.30 8.47 8.78 | 8.30 8.47 8.78
2247-1932 | 0.39L 0.88 2.45 3.66 10.81 | 7.97 8.71 845 | 7.97 8.71 8.45
2303-0005 | 0.25L 0.49 1.06 1.62 10.27 | 7.05 796 7.84 | 8.05 8.93 8.53
232540830 0.72 1.92: 5.57 8.48 11.09 | 7.94 9.01 876 |9.04 10.08 9.51
0008-1223 | 0.42L 2.38 17.03: 17.85 11.12 | 7.07 747 798 | 8.45 8.80 8.92
0332-3618 3.21 11.09 78.15 141.50 10.76 | 6.76 6.84 7.74 | 8.36 8.38 8.83
1940-1027 0.33 0.59 5.69 18.16 9.71 | 6.80 6.83 7.48 | 7.46 747 7.94
2159-3207 0.46 0.78 5.96 12.85 10.05 | 6.90 6.82 7.62| 7.65 7.54 8.13
2316-4239 1.35 6.33 48.01 72.76 10.48 | 6.08 6.53 6.95 | 7.33 7.74 7.80
0112-3255 | 0.25L  0.37L 2.77 7.64 10.16 | 6.22 6.55 6.77 | 6.48 6.80 6.95
0230-3654 | 0.25L 0.42 1.42 2.40 10.05 | 7.30 8.25 8.17 | 8.53 944 9.00
0130-3323 | 0.28L 0.33: 2.42 5.98 10.29 | 6.89 740 7.58 | 7.57 8.06 8.05
0412-3208 0.52 2.19 13.74 21.64 10.67 | 6.81 732 7.70 | 8.13 859 8.61
2019-3127 | 0.27L 0.34L 0.82 1.23 9.90 | 7.53 7.51 8.01 ] 7.56 7.54 8.04
0222-1922 | 0.25L 0.37L 1.47 3.52 10.72 | 7.76 8.49 8.29 | 7.92 864 8.40

Tabela I1.13: Luminosidades de linhas no dptico e no infra-vermelho para as galdxias da amostra

de Tololo.
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log (LL—O) (NCorr.) log (LL_@) (Corr.)
.. L
Galixia | H [OII Ha |E(B-V); | H [OII Ha |log (]:‘§)
IIZw1 722 729 7.71 0.01 724 731 7.72 11.05
MCGS8-11-11 | 8.10 8.55 8.61 0.08 821 8.66 8.69 11.68
Mk231 8.03 761 8.51 0.01 8.05 7.63 8.52 12.11
Mk1073 6.27 7.12 7.08 0.70 7.30 811 7.78 11.04
NGC1144 547 6.59 643 1.03 6.99 8.06 7.47 11.13
NGC5256 6.03 6.69 6.80 0.63 6.96 7.59 7.44 11.18
NGC6240 5.69 586 6.77 1.29 7.59 7.70 8.06 11.50
NGC7469 7.74 7.60 827 0.11 790 7.76 8.38 11.27
NGC7592 577 6.36 6.41 0.35 6.28 6.86 6.76 10.99

Tabela I1.14: Luminosidades no éptico de algumas galdxias muito brilhantes no infra-vermelho.



Capitulo III

POPULACAO ESTELAR E
CLASSIFICACAO ESPECTRAL

I1I.1 Introducao

Neste capitulo descreveremos brevemente o método de sintese da populagao estelar e
daremos algumas caracteristicas gerais dos “templates” usados para sua subtragao . Apds
a subtragao da populagdo estelar, os espectros resultantes devem corresponder ao gds de
emissao puro. A seguir, os espectros serao classificados conforme seu principal mecanismo
de excitacdo , sendo que para isto, serdo usadas razoes entre fluxos de linhas medidas nos

espectros de emissdo pura, e diagramas-diagndstico.

I1I1.2 Populacao Estelar

Para 4 objetos da amostra tomada no CASLEOQO, 10135-1307, 10336-1641, 118346728,
e [11958-1818, a contribui¢cdo da populagdo estelar é bem visivel, principalmente através da
forma geral do continuo, da caracteristica de absor¢ao do Mgl, da linha HB em absorgao,
e da banda de absor¢do do TiOyg290. Nos outros objetos essa contribuicdo ndo é muito
notavel. A populagio estelar contribui significativamente também para o espectro de varias
galdxias da amostra de Tololo (por exemplo, 10322-0313, 10509-3427, e 10130-3323), sendo

que nestes objetos o dngulo da rede de dispersdo e o detetor utilizados permitiram a

61
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observagao das linhas H e K do [Call]. E importante que a contribuicao da populagao
estelar seja levada em conta para que a emissao seja isolada e para que possamos analisar
puramente o gas de emissao dessas galdxias.

O método de sintese da populagdo estelar empregado aqui foi desenvolvido pelo Dr.
Eduardo Bica e estd descrito em Bica (1988). A seguir apresentaremos as principais carac-

teristicas dos “templates” de populagdo estelar empregados em nossos objetos.

S2: Este “template” é uma média de galdxias Espirais, atingindo uma metalicidade
méaxima [Z/Ze)re:=+0.3, ¢ dominado por uma populagao velha com , sendo que
a contribuicdo mais importante para o fluxo, 87% em A = 5870A, vem de compo-

nentes que sao aglomerados globulares;

S4: A metalicidade méxima atingida pelas galdxias deste “template” é [Z/Zg]nr10:=0.0, €
a populagdo velha domina com uma contribuicio de 82% para o fluxo em A = 58704,

existindo ainda uma contribuigao de =~ 10% da populacao com idade < 1 x 10° anos;

E4: Para este “template”, [Z/Zo]pmez = —0.5, € a contribui¢io maxima para o fluxo em
A = 5870A é de 94%, e vem de componentes que sdo aglomerados globulares; o

restante vem de componentes com 1 x 10° < idade < 5 x 10%nos;

E8: Para este “template” [Z/Zg]mac=-0.5; a populagdo velha (idade > 5 x 10° anos)
contribui com 21% para o fluxo em A = 5870A; a méxima contribuicdo , 56%, vem
de componentes com idade ~ 5 x 10® anos, existindo ainda uma fracao de ~ 20%

proveniente de populagao com idade < 1 x 10® anos.

Para os 4 objetos da amostra do CASLEO citados acima, encontramos que o “template”
de populagdo vermelha S2 representa muito bem sua populagio estelar. Um exemplo da
aplicacao deste método estd na Figura II1.1 onde é mostrada a subtragido do “template” S2
para o espectro de 11958-1818.

Uma corregao adicional por avermelhamento, indicada por E(B-V)p > 0.0 nas Tabelas

I1.1, I1.2 e I1.3, foi necesséria ser aplicada para vérios objetos para que os continuos do
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Figura III.1: O espectro da galdxia IRAS Seyfert 2 11958-1818 é mostrado antes (a) e apds (c) a
subtragao do “template” de populagdo estelar S2 (b). Linhas de absorgao salientes sao indicadas.

Unidades na ordenada sao arbitririas.
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“template” e das galdxias ficassem bem superpostos. Maiores detalhes e exemplos deste
método de sintese de populagao estelar podem ser encontrados em Bica (1988) e Bonatto,
Bica e Alloin (1989).

“Templates” de populagdes vermelhas apresentam um perfil de Ha em absor¢ao muito
pequeno. Assim, quando da subtracdo desses “templates”, o fluxo de Ha praticamente
nao se altera. Dessa forma, podemos usar o fluxo de Ho: ndo -subtraido como escala de
fluxo absoluto para as outras linhas (mais afetadas pela subtracao dos “templates” devido
as absorgOes presentes nos “templates”). Apds essa subtragio , se o “template” foi bem
ajustado ao espectro da galdxia, nao devem permanecer vestigios de absorcoes devidas a

populacao estelar.

I11.3 Classificacao Espectral

Inicialmente apresentaremos a classificacao espectral obtida a partir de linhas no éptico,

e a seguir, empregaremos os indices de cor no infra-vermelho.

II1.3.1 Dados Opticos

Nestes tltimos anos, diversas tentativas tém sido feitas para tentar encontrar-se um es-
quema, objetivo de classificar os espectros de objetos extra-galacticos conforme seu principal
mecanismo de excitagdo . Usualmente, sdo empregados os assim chamados ‘diagramas-
diagndstico’ com razoes de linhas de emissao de linhas facilmente observaveis para este
fim.

Veuilleux e Osterbrock (1987) apresentam diagramas-diagndstico envolvendo as razoes
de linhas [OIII]s007/HG, [NII]rgss3/Hex, [SI]aner17,31/Hey, € [OI]g300/Her, que fazem a dis-
tingdo entre galdxias ativas de linhas estreitas e galaxias tipo regiao HII. Essas razoes de
linhas praticamente nao sao afetadas pela corregdo por avermelhamento e pelos erros na
calibragdo em fluxo.

Mesmo visualmente é ficil de se identificar as galaxias Seyfert tipo 1: as linhas de

Balmer do HI sdo muito mais largas do que as linhas proibidas, sendo que a componente
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larga de Ho tem, em geral, FWHM > 4000km s~!. As seguintes galdxias satisfazem este
critério e podem ser classificadas como Seyfert 1: 10137-2230, 10434-1029, 10518-3242,
11832-5927, 11840-6225, 11917-5846, 120046115, 12234-1248, 1223840748, e 10332-3618;
uma galaxia, 11249-1306 pode ser classificada como Seyfert 1.5, conforme os critérios de
Osterbrock e de Robertis (1985).

Para classificar os objetos que ndo se enquadram na categoria de Seyfert tipo 1, e que
nao apresentam componentes largas em Ha ou HB, foram usados os seguintes diagramas-

diagnéstico:

OIII 25007 NII A6583 \.
(a) log (Ij{]ﬂ—) vs. log (Ij:}—a ),

(b) lOg ( OIII!A5007) vs. lOg ([SII],\/\gf?l?ﬂl ), e
(c) log (J—H]E—OHI ’\5007) vs.log (LP]hOI ’3300 ),

os quais foram adaptados de Veuilleux e Osterbrock (1987), e estdo mostrados na Figura
ITI.2. Em cada diagrama a area delimitada pela linha sélida é ocupada pelas Seyfert 2 e
pelas Radio-Galdxias de Linhas Estreitas (NLRGs), objetos fotoionizados por um continuo
nao térmico tipo lei-de-poténcia; a curva tracejada demarca a area ocupada pelas regides
HII, regides HII nucleares, galdxias “Starburst”, e galaxias tipo regiao HII, objetos fotoion-
izados por estrelas quentes; a curva de tragos mais longos encerra os LINERs.

Podemos observar que a grande maioria dos objetos caem dentro da drea ocupada pelas

Seyfert 2 e NLRGs. As excegOes sao as seguintes:

[21569-3207: ndo apresenta em seu espectro as linhas [OI]xes00 € [SII]ar6717,31, mas no diagrama (a)

ela cai na area das regides HII;

[0324-6055: nao tem as linhas [SII|axg717,31, em (@) encontra-se na borda das regides HII e numa

regido intermediaria em (c), pode ser classificada como um objeto de transi¢ao entre

os LINERs e as regides HII;

[2019-3127: nos 3 diagramas encontra-se préxima a linha que separa as regioes HII das galaxias

ativas;
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Figura III.2: Diagramas-diagndstico para galdxias ativas e regides HIL
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10509-3427: ndo apresenta as linhas [OI]xs300 € [SI]ax6717,31, € em (a) estd na borda da regido dos

LINERs;
'2117-2039: classifica-se como regiao HII em (a) e (b), mas se desloca para os LINERs em (c);

'2136-2700: nos 3 diagramas encontra-se proxima aos LINERs;

'0112-3255: nao apresenta as linhas [OI]xes00 € [SII]xre717,31, € em (a) estd na borda da regiao dos

LINERs;

'1924-4141: nio tem as linhas [SII]yxs717,31, mas pode ser classificada como regido HII em (a) e

(c)-

E importante ressaltar que, do ponto de vista do espectro éptico, as galaxias Seyfert
2 luminosas no infra-vermelho apresentam razoes de linhas que ndo as diferenciam das

aldxias “normais”, i.e., Seyfert 2 fracas no infra-vermelho.
) )

I111.3.2 Dados no Infra-Vermelho.

As densidades de fluxo no infra-vermelho nas bandas observadas pelo satélite IRAS em
12, 25, 60, e 1004 m, foram obtidas do TRAS Point Source Catalogue’ (1985).
A partir das densidades de fluxo, os indices de cor sdo calculados da seguinte forma:

_ log(Fy/Fy)
_a()\z, )\1) - m7

onde F; é a densidade de fluxo (em Jy) medida em )\;, e Ap > A;.

Sekiguchi (1987) apresenta um diagrama com os indices de cor (100,60) vs. a(60,25),
no qual diferentes classes de objetos ficam razoavelmente separadas. Neste diagrama,
mostrado na Figura II1.3, a drea limitada pela curva de trago curto é ocupada pelas galaxias
espirais nao-ativas, enquanto que dentro da drea limitada pela curva de trago longo estao
as galdxias “Starburst”. Para comparacgao estao plotadas as curvas correspondentes a uma

lei-de-poténcia pura (F, o ), e a um corpo-negro a diferentes temperaturas.
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Figura II1.3: Diagrama cor-cor no infra-vermelho. Galdxias espirais normais (nio-ativas) estao
dentro da curva de trago estreito, e galdxias ‘Starburst’ dentro da curva de trago longo; flechas

indicam limite superior, e linhas medigdo incerta. Objetos classificados pelos dados no dptico.

Na Figura I11.3, as galaxias classificadas como Seyfert 1 estao plotadas como um circulo
fechado, as Seyfert 2 como um quadrado aberto, e regices HII e LINERs, como um
tridngulo aberto . Flechas apontando para a direita indicam objetos com limite supe-
rior na detecgao em 100um, e flechas apontando para baixo indicam limite superior em
254 m. Uma linha sobre o simbolo indica medicao incerta: sentido horizontal em 100x m

e vertical em 254 m.
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Para as galdxias com z > 0.013, correspondendo a uma velocidade radial (Hp =
50km s~! Mpc~!) Vi > 4000 km s~, ndo devemos esperar perdas de fluxo devido aos difer-
entes tamanhos dos diafragmas do IRAS em 25pm (~ 0'.76 x 4'.6), 60pm (~ 1'5 x 4'.75),
e em 100pum (~ 3.0 x 5'.0). No caso dos objetos com 0.005 < z < 0.013, este efeito s6
se torna importante se houver muita contribui¢do 4 emissdo de regides fora do nicleo da
galdxia. Por exemplo, para uma galdxia com z = 0.005, um diafragma com didmetro de
~ 0'.76 corresponde a uma distancia r ~ 3.3 kpc do nicleo, compreendendo parte do disco.

O efeito de diafragmas com tamanhos diferentes parece estar afetando bastante a
NGC6814 (=11940-1027), 1C1657 (=10112- 3255), e NGC7172 (=I2316-4239), pois suas
posicoes dentro da regido das espirais n ao-ativas podem ser explicadas pela subestimagao
de fluxo em 254 m em relagdo a 60x m o que as deslocaria para baixo no diagrama. J4 para
NGC1365 (=10332-3618) e NGC7582 (=12316-4239), pode estar ocorrendo alguma perda
de fluxo em 251 m, o que as desloca para a regido das “Starburst”.

Embora a amostra de objetos nio seja muito numerosa, pode-se observar que as Seyfert
tipo 1 e 2 espalham-se pelo diagrama & esquerda da linha do corpo-negro e acima das
espirais nao-ativas, ndo se observando uma clara distin¢do entre os dois tipos, embora se
observe que h4 vérias Seyfert 2 localizadas na regido das “Starburst”, onde h4 apenas uma

Seyfert 1.



Capitulo IV

PROPRIEDADES NO OPTICO uvs.
INFRA-VERMELHO

Nos Capitulos II e III as galdxias de nossas amostras foram apresentadas e classifi-
cadas conforme seu principal mecanismo de excitagdo , e a luminosidade no infra-vermelho
longinquo (L;z) e a luminosidade de algumas linhas no 6ptico foram calculadas.

Neste capitulo analisaremos inicialmente, a contribuicao da emissdo do disco das galdxias
e seu efeito sobre os indices de cor; a seguir, mostraremos que, do ponto de vista de
parametros do infra-vermelho, as galdxias Seyfert de tipo 1 e 2 ndo se diferenciam entre si;
depois, usando razoes entre Lz e luminosidades de linhas no 6ptico, mostraremos como os

dois tipos de Seyfert apresentam comportamentos diferenciados.

IV.1 Efeito da Emissao da Galdxia nos Indices de Cor

Além da poeira ‘quente’, existe uma contribui¢do ao fluxo observado que vem de uma
componente ‘fria’ (T' ~ 30 K): o disco das galdxias espirais apresenta uma emissao no
infra-vermelho, cujo méaximo se localiza préximo a 1004 m.

Para as galaxias com z > 0.014, os diafragmas usados nas observagdes pelo satélite
IRAS devem cobrir parte das regides extra-nucleares, de forma que o disco dessas galdxias
também contribui & emissdo observada. Vamos agora apresentar um célculo estimativo de

quanto a componente ‘disco’ contribui aos indices de cor.

70
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Rowan-Robinson e Crawford (1989) apresentam um espectro empirico que representa a
componente de emissao de um disco normal (comparavel & uma porg¢ao de Cirrus em nossa
Galéxia, uma pequena nuvem de gds neutro e poeira interestelar iluminada pelo campo
de radiagao interestelar), e outro que representa a emissao das Seyferts. Essa componente
galactica é ‘fria’, tendo o méaximo da emissdo em A =~ 1004 m, o que significa que é devida
a graos aquecidos a uma temperatura T ~ 30 K. As densidades de fluxo, normalizadas ao

fluxo em 124 m, estao reunidas na Tabela IV.1.

S S S
Sey. | 2.34 | 2.29 | 1.55
Gal. | 0.93 | 11.75 | 36.31

Tabela IV.1: Densidades de fluxo das componentes Seyfert e Galdxia, normalizadas & Si2.

Consideremos o efeito da componente Galactica sobre os indices de cor: podemos as-
sumir que o fluxo observado em v é a soma das contribuicdes das componentes Seyfert e

Gal4ctica, ou seja:

S, =S5 +8¢, (IV.1)

onde os indices S e G representam as componentes Seyfert e Galdxia, respectivamente.

Assim, para um indice de cor qualquer, temos:

—a(Ag, A1) = log(Sva/Si1) /log (A2/M)
S5, + S5
g (55552 108 (/0

1+8¢,/85

= —Ol(/\g,/\l)s +K(/\2,/\1)G, (IV2)

onde oMz, A1) ® é o indice de cor da componente Seyfert pura, e K (A, A1)¢ é a corregéo
que deve ser aplicada aos indices pelo efeito da emissdo da galdxia. As razoes de fluxo que

aparecem em K (), ;)¢ podem ser expressas unicamente em termos de $129/S12°. Da
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Tabela IV.1, temos que:

S G G
1OOS — 9234 SI2S ’
S100 Sl2
G G
%? = 513 -S-l-"’—s
SGO Sl2
S G S G
S57 _ a3
S25 Sl2

Por ser ‘fria’, a componente da galaxia contribui bem menos para o fluxo em 12y m do
que a componente Seyfert. Supondo que S;2¢/ S12° = 0.01, as correcdes aos indices de cor

ficam da seguinte forma:

«(100,60) o(100,60) — 0.31,
(60,25) a’(60,25) — 0.05,
a(25,12) o’(25,12) +0.01 .

Num caso extremo, no qual a componente G contribuisse com ~ 10% ao fluxo em 12y m,

terfamos o seguinte:
«(100,60)

«(60,25)
(25,12)

a5(100,60) — 1.53,
o’ (60,25) — 0.42,

a’(25,12) +0.08 .

O efeito da componente galdctica ‘fria’ é tornar os indices «(100,60) e «(60,25) mais

negativos em relagdo aos valores da componente Seyfert pura, embora no caso em que

S129/S12° = 0.01, apenas «(100,60) é alterado significativamente.

IV.2 Distribuicao das Galaxias em Termos de L

Combinando as galdxias das trés amostras introduzidas no Capitulo II, temos um total

de 96 Seyfert 1 e 124 Seyfert 2. Todas essas galdxias tiveram suas densidades de fluxo em

12, 25, 60, e 100x m medidas pelo satélite IRAS (as quais constam no IRAS Point Source
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Catalogue (1985)). Embora estes dois grupos de galéxias ndo sejam completos, 0 niimero de
objetos que cada um contém é estatisticamente significativo e suas propriedades devem ser

representativas dos objetos de suas classes. Em termos da luminosidade no infra-vermelho
(Liz), ambas as amostras contém objetos fracos e brilhantes, cujo Ly cobre um intervalo
de ~ 4 magnitudes, entre 8.0 < log (%) <12.1.

Inicialmente, vamos analisar como®as Seyfert tipo 1 e 2 se distribuem em termos da
luminosidade no infra-vermelho. Para este fim, os valores de log (%) foram divididos em
intervalos com tamanho de 0.5dex cada um, entre os valores correGSpondentes a0 minimo
e maximo de cada grupo. A seguir, foi contado o nimero de objetos contidos em cada

intervalo. Com isto, foram construidos os dois histogramas mostrados na Figura IV.1.

T T T T T T T T T T T T T T T '_4\ T T T T I

40 F _ + _ I o

" log(Lig/LoYeen=10.36 Seyl 1 1og(Liz/Lo)eent= 10.36 1 Sy 1,

"~ FWHM=1.3 T FWHM=14 : 1

32 | + ; .

F I — |

24 “.\ -+ ,."

F " “ 1 ; '

16 f ; + i

: T _:'

0 i "—J—‘r_l ) L L l‘v—r;l i ) --"'. 1 L 1 N | | |
7.5 8.5 9.5 10.5 11.5 12.57.5 8.5 9.5 10.5 11.5 12.5

log(LIR/LO) log(LIR/LO)

Figura IV.1: Histogramas do nimero de galdxias com determinada Liz; & esquerda estio as

Seyfert 1, e & direita as Seyfert 2.

Claramente, ambas as distribui¢des sdo muito semelhantes, nfo ocorrendo desvios para

maior ou menor Lip em cada grupo. Para quantificar esta semelhanca , foi ajustada uma
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gaussiana a cada uma das distribuigdes (a curva pontilhada na Figura IV.1). Encontramos
que para ambos os grupos, a luminosidade correspondente ao centréide da Gaussiana é a
LIR

mesma: log = 10.36; a tnica diferenca é que a distribuigdo das Seyfert tipo 2 é cerca
®

de 8% mais larga que a das Seyfert 1.

IV.3 Diagramas Cor-Cor.

Na Figura III.3 vimos que as Seyfert tipo 1 e 2 das amostras de CASLEO e de Tololo
ocupavam praticamente a mesma regido no diagrama «(100,60) vs. «(60,25), de tal forma
que os dois tipos nédo se diferenciavam por seus indices de cor. Esta andlise serd ampliada

agora, com a inclusdo das galdxias da 3% amostra.

IV.3.1 Separagao das galdaxias em grupos.

Inicialmente, observamos que o indice de cor «(100,60) é aquele que apresenta o maior
intervalo de valores. Partimos da hipdtese de que as propriedades no infra-vermelho de
objetos com «(100,60) semelhante ndo devem variar muito. Assim, dividindo-se todo
o intervalo compreendido por «(100,60) em intervalos menores de tamanho 0.5 dex, e
tomando-se a média dos indices «(60,25) e «(25,12) para os objetos contidos em cada
intervalo, foi formada uma série de grupos. As galdxias contidas em cada grupo devem
apresentar propriedades semelhantes no infra-vermelho. E importante ressaltar que, no
processo de célculo das médias, foram consideradas unicamente as densidades de fluxo ndo
anotadas como limite superior de deteccdo ou medi¢do incerta, de forma a aumentar o
significado estatistico do procedimento.

As galéxias que compoem cada grupo das Seyfert 1 sdo as seguintes:
Grupo 1: NGC1566, NGC2639, NGC4594, NGC5033, Mk471, e NGC6104;

Grupo 2: 12004-6115, UGC1395, Mk590, Mk10, NGC2691, A1058+45, NGC4051, NGC5683,
UGC10683B, Mk896, NGC7214, e NGC7603;
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Grupo

Grupo

Grupo

Grupo

Grupo

Grupo

Grupo

Grupo

Grupo

Grupo

3: 11249-1308, 10332-3618, ESO012-G21, Mk609, 3C120, 0456404, Mk1095, Mk141,
NGC3227, NGC4593, Mk279, 1Zw81, Mk841, e Mk493;

4: 10434-1029, 12238+0748, 11Zwl, Mk359, Mk1040, 1E0412.5-0803, MCG8-11-11,
Mk9, Mk79, TON524A, Mk423, NGC3783, 15296, NGC5548, Mk478, Mk516, e
UM163;

5: 10518-3242, 118325927, 11840-6225, Mk1048, NGC3516, ESO438-G9, Mk700, Akm564,
e NGC7469;

6: Mk334, PG, Mk1014, Mk6, NGC4253, Mk231, Mk883, e Mk509;
7: Mk1239, e IC4329A.

Os grupos das Seyfert 2 sao formados pelas seguintes galdxias:
1: NGC5194, e NGC7319;

2: 11834-6728, 10204-5526, 11940-1027, 10112-3255, NGC4941, NGC5005, NGC5427, e
NGC6300;

3: 11258-3039, 10457-7537, 12159-3207, 10130-3323, 10222-1922, ESO195-G35, NGC513,
ES0197-G27, Mk1058, NGC1144, NGC1409, NGC1667, UGC3255, NGC3660, NGC3982,
1335439, NGC5643, NGC5674, NGC6890, e NGC7590;

4: 10230-3653, 10230-3654, NGC1097, NGC1386, NGC5135, 1331-234P11, 1331-231P11,
NGC5256, NGC5347, Mk673, ESO1530-085, NGC5953, Mk507, NGC7212, F357, e
NGC7496;

5: 11958-1818, 12016-5247, 12024-0226, 12247-1932, 12303-0005, 1232540830, 12316~
4239, 10412-3208, Mk957, Mk1157, NGC1068, Mk1073, Mk612, NGC1685, NGC2110,
NGC2273, NGC3393, NGC4388, ESO381-G8, NGC4968, Mk477, NGC5929, IC5135,
Mk917, NGC7592, e NGC7682;
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Grupo 6: 10135-1307, 10230+0012, 10322-0313, 12056-5211, Mk348, TOL109-383, Mk1066,
NGC1229, Mk78, NGC3281, Mk34, NGC4507, NGC4922B, 1319-164P11, Mk268,
ES0273-1G04, 104553/ Arp220, e F513;

Grupo 7: 10019-7926, Mk3, Mk1210, e NGC6221.

Os valores médios dos indices de cor, densidades de fluxo (normalizadas & Sgo = 1),

L
e de log (L_m>’ estao listados na Tabela IV.2 para as Seyfert 1 e na Tabela IV.3 para as

O]
Seyfert 2.
Grupo | ((25,12)) | (@(6025)) | (2(100,60)) | (S12) | (Sas) | (Suoo) | (log (%g))
1 | -0.56+0.17 | -2.91£0.05 | -2.36£0.15 | 0.05| 0.08| 3.34 10.03
o | -0.73+0.75 | -0.06+0.91 | -1.83+0.00 | 0.34 | 062 | 255 10.21
3 -0.9440.54 | -1.2840.65 | -1.384+0.15 0.22 0.39 2.03 10.48
4 -1.21+0.29 | -0.66+0.37 | -0.87+0.15 0.23 0.59 1.57 10.92
5 -1.30+0.41 | -1.26+0.54 | -0.45+0.13 0.17 0.37 1.26 10.68
6 -1.60+0.46 | -1.17+0.40 0.10+0.13 0.23 0.38 0.95 11.27
7 -0.88+0.18 | -0.01+0.17 0.45+0.07 0.52 1.00 0.79 9.98

Tabela IV.2: Valores médios dos indices de cor, densidades de fluxo (normalizadas & S¢p = 1),

e da luminosidade no infra-vermelho, para os grupos de Seyfert 1.

Grupo | (a(25,12)) | (a(6025)) | (2(100,60)) | (Sia) | (Sas) | (Suan) | flog (F2))
1 -0.76+— | -2.95+— | -2.79+£0.18 | 0.04 | 0.08 4.17 9.89
2 -0.97+0.35 | -2.64+0.44 | -2.15+0.13 | 0.08 | 0.13 3.00 9.97
3 -0.84+0.75 | -1.61£1.06 | -1.65+0.09 | 0.20 | 0.44 2.32 10.34
4 -1.06+0.73 | -1.60+0.60 | -1.15+0.12 | 0.22 | 0.30 1.80 10.88
5 -1.54+0.32 | -1.51+0.63 | -0.76+0.14 | 0.14 | 0.31 1.48 10.61
6 -1.62+0.80 | -1.18+0.62 | -0.25+0.14 | 0.20 | 0.40 1.14 10.98
7 -1.82+0.08 | -0.87+0.91 | 0.30+0.11 0.16 | 0.60 0.86 11.05

Tabela IV.3: Valores médios dos indices de cor, densidades de fluxo (normalizadas & Sgo = 1),

e da luminosidade no infra-vermelho, para os grupos de Seyfert 2.

E interessante ressaltar que os grupos seguem uma seqiléncia quase perfeita de Lg
crescente, o que da apoio a hipdtese de que cada grupo reine objetos com propriedades

semelhantes no infra-vermelho.
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Para melhor visualizarmos a forma que o continuo no infra-vermelho que cada grupo

assume, foi tomada a média das densidades de fluxo (normalizadas a Sgp = 1). Estes

espectros médios estdo mostrados na Figura IV.2, para as Seyfert 1 (2 esquerda) e Seyfert

2 (& direita).

110

Figura IV.2: Espectros infra-vermelhos médios dos grupos de Seyfert tipo 1 (& esquerda) e tipo

2 (a direita); fluxos normalizados & Sgp = 1.

Observemos que os espectros correspondentes a grupos equivalentes de Seyfert tipo 1 e 2
sdo muito parecidos entre si: os grupos formam uma seqiiéncia cuja caracterfstica principal
é o decrescimento da razdo Sigo/S12 de G1 para G7. Os espectros G1 sdo muito ingremes
(especialmente para as Seyfert 2), enquanto que G7 (para as Seyfert 1) é plano entre 25
e 100pm, e plano entre 60 e 100um para as Seyfert 2. Nas Seyfert 2, emissdo de poeira

com temperaturas mais baixas deve contribuir bem mais ao grupo G1 do que nas Seyfert
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1, pois sua razao Sigg/Seo € 4.17 contra 3.34. De G1 para G7 a contribuigio de graos mais
frios diminui, e domina a componente mais quente, o que explica a seqiiéncia observada de

(Lir) crescente.

IV.3.2 Visualizagao dos Grupos nos Diagramas Cor-Cor

Passemos agora os grupos ja definidos aos diagramas cor-cor. Na figura IV.3 os grupos
foram plotados nos diagramas «(100,60) wvs. 2(25,12) e vs. @(60,25) junto com os modelos
de T.,=1500K e ro/r; = 10% e 10*. Os grupos estdo identificados conforme seu nimero, e
sobre o valor médio de «(100,60) foi plotada uma barra que representa o desvio padrao da
média (para o grupo) dos indices correspondentes.

Fica claro que ambas as curvas assumidas pelos tipos de Seyfert sao muito parecidas,
embora as Seyfert 2 apresentem uma variagdo maior em «(60,25) e «(100,60). Observe-
se que o efeito da contribuigdo da galdxia s6 se torna importante no caso extremo de
S12¢ / S12° = 0.1, para o qual os indices dos grupos seriam deslocados para a direita e para
cima. No caso normal onde a galdxia contribui com = 1% em 12x m, o tnico efeito notével
é o deslocamento de «(100,60) mais para a direita por uma quantidade 0.31.

No diagrama envolvendo «(25,12), mais sensivel as altas temperaturas, os modelos
conseguem reproduzir os indices de cor dos grupos razoavelmente bem usando a razado
ro/T1 = 10* e diferentes contribui¢des de leis-de-poténcia com o = —2.5 a — 1.0, o que
implicaria uma distribuicdo de poeira estendendo-se por =~ 103 pc em torno do ntcleo.
Os grupos que se encontram & esquerda da curva da lei-de-poténcia pura necessitam um
parametro # > 1.0, ou seja, que a distribui¢ao de poeira seja muito concentrada perto de 7;
ja os grupos mais préximos da curva de um corpo-negro, necessitam de § < 0.2, significando
distribuicbes com densidades mais uniformes e estendidas. Observe-se que, para o primeiro
caso, a contribui¢do da lei-de-poténcia fica mais importante para os grupos 1-4 (de menor
Liz), € a emissdo da poeira é mais importante para os outros grupos (com maior Lig).
Esta pode ser uma conseqiiéncia de uma baixa profundidade éptica da poeira, que deixa

passar o continuo UV /6ptico da fonte ionizante central sem aquecer muito os graos e ndo
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produzindo Lz muito alto. Para os grupos mais altos, nos quais Lz é maior, a poeira é
mais eficiente em absorver o continuo da fonte central, que é re-emitido no infra-vermelho,
de forma que um observador externo deve observar uma contribui¢do menos importante da
lei-de-poténcia.

Embora graos de grafite (com T, ~ 1500 K) sejam os principais contribuidores para a
emissao observada no infra-vermelho, é interessante ver como modelos com graos de menor
Te, se comportam nos diagramas cor-cor. Para isto, usamos modelos com T.,=350K, e
razdes 75/r; = 102,103, €10%, os quais estdo plotados na figura IV 4.

No diagrama «(100,60) vs. :(60,25) os indices dos grupos conseguem ser razoavelmente
reproduzidos por modelos de poeira pura (sem incluir lei-de-poténcia) com ry/r; > 103.
Mas, como foi visto no Capitulo I, r; ~ 1.4 T8 ~ 340, e assim, para T.,=350, r2/r; >
103 — ro > 10° pc. Portanto, se graos com baixas T, forem importantes na emissio no
infra-vermelho, pode-se esperar que suas distribui¢des tenham 75/7; < 10%, o que implica

necessariamente importantes contribui¢ées de uma lei-de-poténcia.

IV.4 Comparagao da Luminosidade no Infra-Vermelho com Lu-

minosidades no Optico

Examinemos agora o comportamento da luminosidade no infra-vermelho em relagdo a
luminosidade de linhas no 6ptico. Este tipo de relagdo pode dar indicagdes a respeito do
mecanismo da emissao no infra-vermetho e da geometria da distribuigcao dos graos.

Consideremos a relagdo Lz /Ly,. Para as galdxias com dados no éptico, foram con-
struidos os histogramas mostrados na Figura IV.5 (4 esquerda) para o nimero de objetos
com log (Ljr/Lua) dentro de um dado intervalo, e separando-as conforme a classificagio
como Seyfert tipo 1 ou 2.

As Seyfert tipo 1 apresentam um pico em sua distribuigio para 10 < Lz /Ly < 100, e
outro de menor intensidade para 1000 < Lz /Lyq < 2500; ji as Seyfert tipo 2 apresentam

uma distribui¢do com um bom nidmero de galdxias com 10 < Lz /Ly, < 2500, com um
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Figura IV.4: Diagramas cor-cor para Te,=350K.
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Figura IV.5: Histogramas do nimero de galdxias com uma dada razdo Lz /Ly, (& esquerda) e

LIR/L[OIII] (é direita).

pico méximo entre 100 < Lz /Ly < 500, e ainda tém evidéncia de um pico menor para

Lir/Lze = 10000.

Os histogramas podem ser interpretados da seguinte forma: podemos imaginar uma
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galdxia que tenha em seu nicleo, uma fonte ionizante central emitindo um continuo de
fotons no UV /dptico; esta fonte central estd envolta por uma regido de gas muito denso e
quente (densidade de elétrons N, > 10° cm™3, e temperatura eletronica 7, > 10*K) com
dimensao tipica r < 1pc, na qual sdo emitidas as linhas largas, principalmente linhas de
Balmer do HI; esta regidao das linhas largas (BLR) pode estar, por sua vez, envolta por
uma distribuicdo esférica de poeira com baixa profundidade 6ptica 7yy (ou em forma de um
disco ou toro, com 7yy > 1, cujo plano forma um determinado angulo com relagao & nossa
linha de visada); mais distante do ntcleo, r ~ 1 — 10 pc, estd a regido das linhas estreitas
(NLR) contendo gas e poeira misturados. Na situacdo mais geral, a fonte ionizante central
emite fétons isotropicamente, e estes fétons vao, inicialmente, ionizar o gds nas nuvens
da BLR, chegando depois & poeira. No caso da distribuicdo esférica com baixo Tyy, a
poeira absorve uma fragio do fluxo incidente de fétons o< (1 —e~"vv) (ou oc % para um
disco ou toro) que sdo re-emitidos no infra-vermelho e escapam da galdxia; para um disco
ou toro com Tyy > 1, os fétons emitidos dentro do angulo sélido 2 subentendido pela
poeira sdo totalmente absorvidos e re-emitidos no infra-vermelho. Com 7y, baixo (ou
alternativamente, % < 1), muitos fétons vao chegar & NLR e ionizar o gds que ai se
encontra. Assim, a presenca de um pico bem definido entre 10 < Li/Ly, < 100 nas
Seyfert 1 indica que 7yy (ou %) tem um intervalo tipico de valores para estes objetos,
pois desta forma, da equagdo A.11 temos que Liz/Lyy = cte, e quanto maior for o fluxo
de fétons UV da fonte central, maior vai ser a luminosidade de Ha, Ly, o Lyy, € assim,

LIR/LHa ~ Cte.

Este histograma parece favorecer a idéia de uma distribuicdo de poeira com geometria
especial (tipo disco ou toro), pois nesse caso, como a orientagao espacial da distribuigao de
poeira é aleatoria, é muito mais provavel que encontremos objetos com a BLR parcialmente
desobstruida. Desta forma, como para estes casos % é semelhante, é natural que apareca
um pico na distribui¢do de Ljz/Lg,. O outro pico, entre 1000 < Lz /Ly, < 2500 pode
ser devido aos objetos que tenham parte de sua BLR obstruida pela poeira. Esta poderia

ser a situagdo encontrada nas Seyfert intermedidrias tipo 1.5-1.9, nas quais sao observadas
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evidéncias de componentes largas apenas em Ha.

Agora, para a mesma situacao descrita acima, apenas mudando a condi¢do de que no
caso da distribuigao esférica 7y é maior (ou, no caso do disco ou toro, que sua orientacao
espacial seja aproximadamente paralela & nossa linha de visada, de tal forma que a poeira
bloqueie a visdo do nicleo e da BLR), os fétons das linhas largas produzidas na BLR e
emitidos em nossa diregao , serdo quase que totalmente absorvidos pela poeira e tranfor-
mados em fétons infra-vermelhos, escapando da galdxia. Desta forma, apenas as linhas
estreitas vao ser observadas, o que produz uma deficiéncia de fétons de linhas épticas em
relacdo a situagao anterior, pois os fétons épticos das linhas largas terao se transformados
em infra-vermelhos. Este efeito produz um realcamento da luminosidade no infra-vermelho
em detrimento das linhas épticas.

Esta situacdo parece se aplicar as Seyfert 2, para as quais nado sido observadas compo-
nentes largas em linhas de Balmer do HI. O pico da distribuigdo de Lz /Ly, se localiza
entre 100 e 500 (intervalo mais alto que o correspondente ao pico das Seyfert 1), mas existe
também um desvio para valores maiores de Lz /Lyq, 0 que é um indicio de profundidades
Opticas maiores (ou entdo que o disco ou toro obscurecem mais completamenteo niicleo e a
BLR), situagoes nas quais os f6tons das linhas da BLR estariam sendo mais eficientemente
absorvidos.

As linhas do [OIII] sdo emitidas, em grande parte, fora da BLR . Assim, quanto mais
eficiente for a poeira em bloquear a BLR, absorver fétons UV da fonte central e re-emiti-los
no infra-vermelho, menos f6tons vao sobrar para ionizar o gas fora da BLR. e produzir as
linhas estreitas do [OIII] e de Ha. Desta forma, quando 7y for grande, ou o disco ou toro

encobrem mais eficientemente o nicleo e a BLR, é natural esperar-se que a distribuigao

1No entanto, modelos de fotoionizagao produzidos por Kwan e Krolik (1979, 1981) indicam que existe
formagao de [OIII] em nuvens de gés com alta densidade eletronica, préximas & BLR. Componentes largas
em [OIlI]x5007 Sd0 também observadas em algumas Seyferts tipo 1: na Seyfert 1 NGC7469, Bonatto e
Pastoriza (1990) encontraram uma componente larga em [OIIl] 5007 com FW HM aproximadamente igual
ao medido na componente intermedidria de Ha, sendo que esta componente larga contribui com =~ 40% ao

fluxo total de [OIII]s007.
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de Lir/Luo seja muito semelhante & de Liz/Liosn. E isto é observado nas Seyfert 2, pois
ambas as distribuicoes tém um pico entre 100 e 500, e apresentam desvios para valores

maiores.

J& para as Seyfert 1, como a BLR est4 desobstruida (em grande parte), vai haver a con-
tribuigao da componente larga do [OIII] (para os objetos que produzem esta componente),

o que explica a distribuicdo aproximadamente uniforme entre 1 < Lz /Liorr) < 1000.

Do que foi discutido acima, pode-se dizer que as Seyfert 2 seriam iguais as Seyfert 1, mas
com o niicleo Seyfert e a BLR ‘escondidas’. Antonucci (1984) e Antonucci e Miller(1985)
mostraram que as regides nucleares da radio—galaxia de linhas largas 3C234 e da Seyfert
tipo 2 NGC1068 estao, provavelmente, obscurecidas por um disco éptica e geometricamente
espesso. NGC1068 apresenta linhas de emissao largas em luz polarizada, e apareceria como
uma Seyfert tipo 1 quando vista de dire¢oes nao obstruidas. Além disto, Krolik e Begelman
(1986) postularam a presenca de um vento em NGC1068 devido ao aquecimento de nuvens

moleculares pelo continuo nuclear, implicando numa extensa regido de poeira quente.

No caso de um niicleo Seyfert ¢ de uma BLR estarem ‘escondidas’ por um toro de
acrecao espesso, campos de radiagdo bi-conicos poderiam ser produzidos pela colimagao
produzida pelas paredes do toro. Este tipo de estrutura conica foi observada em NGC1365
e NGC7582 através de imagens feitas com filtros de banda estreita da linha [OIII] 5007 em
emissdo pura, i.e., ap0s a subtragdo do continuo adjacente (Storchi-Bergmann e Bonatto,
1991). Nas duas galdxias foi encontrado que Lz /Ly = 10, onde Ly é a luminosidade do
continuo UV /éptico (observado), obtida integrando-se uma lei-de-poténcia F, oc v~!° entre
0.01-1xm. Este resultado mostra que parte da radiacdo que aquece a poeira nao estd sendo
observada. Além disso, Véron et al. (1980) encontraram evidéncias de uma componente
larga em Ha em NGC1365, que poderia indicar a presenca do niicleo Seyfert ‘escondido’.
Mais exemplos deste tipo de situacdo podem ser encontrados em Wilson, Ward e Hanniff

(1988).

Para as situacOes descritas acima, podemos esperar que, quanto maior a luminosidade

da fonte central, maior deve ser a luminosidade devida a poeira e também as luminosidades
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Figura IV.6: Los vs. Liosr) (& esquerda) e vs. Ly, (4 direita).

das linhas no 6ptico. Para investigar este item, usamos a luminosidade em 25um, Los,
pois esta banda reflete diretamente os efeitos da poeira quente 2. Na Figura IV.6 estdo
plotados os pontos correspondentes & Los vs. Liorrr (a esquerda) e vs. Ly, (& direita):
um asterisco para as Seyfert tipo 1 e um circulo para as tipo 2 . Sobre os pontos foi feito
um ajuste linear, o qual esta plotado como uma linha cheia (Seyfert 1) e tracejada (Seyfert
2).

Apesar de haver um consideravel espalhamento dos pontos, pode-se dizer que para
todas as curvas hd uma correlagao positiva entre Lys e Liorrr) € Lyo. Embora nao estejam

mostradas aqui, as correlagoes positivas sao também encontradas para a luminosidade em

2A luminosidade em 12um ndo foi usada porque para grande parte dos objetos apenas temos o limite

superior de detecgido nesta banda.
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12, 60, e 100 m.




Capitulo V

CONCLUSAO

No Capitulo I deste trabalho, foi apresentado um modelo para a emissao de graos de
poeira. Indices de cor dos espectros produzidos pelo modelo foram calculados, e diagramas
cor-cor foram construidos. Os efeitos da inclusao de uma lei-de-poténcia da fonte central

estendendo-se até o infra-vermelho também foram considerados.

As amostras de galaxias que foram usadas neste trabalho foram apresentadas no Capitulo
I, no qual também foram apresentadas a reducéo dos dados e a obtencao de fluxos absolu-
tos e luminosidades de linhas de emissao; e no Capitulo III as galdxias foram classificadas
conforme seu principal mecanismo de excitagao , tiveram a contribui¢ao de sua populacao

estelar subtrafda, e a luminosidade no infra-vermelho longinquo (L) foi calculada.

No Capitulo IV, analisamos inicialmente, a contribuigao da emissao do disco das galaxias
e seu efeito sobre os indices de cor observados. Mostramos que para uma contribuig¢ao da
componente ‘disco’ de ~ 1% (ao fluxo em 12 m) em relacdo 4 componente ‘Seyfert’, este
efeito ndo é muito significativo. Depois, construindo histogramas para o niimero de galaxias
com determinada L, encontramos que ambas as distribui¢des sao muito semelhantes, nao
ocorrendo desvios para maior ou menor Lz em cada grupo, e ajustando-se uma gaussiana a
cada uma das distribuicoes , encontramos que a luminosidade correspondente ao centréide

L
da Gaussiana é a mesma: log L_Wﬁ = 10.36; a unica diferenca é que a distribui¢do das

®
Seyfert tipo 2 é cerca de 8% mais larga que a das Seyfert 1.

Usando o indice de cor o(100,60) como base, as galdxias foram separadas em diver-
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sos grupos que formam uma seqiiéncia de Lz crescente. Construindo espectros médios
no infra-vermelho de cada grupo, encontramos que nas Seyfert 2, emissao de poeira com
temperaturas mais baixas deve contribuir bem mais ao grupo G1 do que nas Seyfert 1, pois
sua razao Sigo/Seo é mais pronunciada. De G1 para G7 a contribuigao de graos mais frios
diminui, e domina a componente mais quente, o que explica a seqiiéncia observada de (L)

crescente.

Plotando os grupos de Seyfert nos diagramas cor-cor, e superpondo modelos de graos,
encontramos que modelos com ry/r; = 10* e diferentes contribuicoes de leis-de-poténcia
com a = —2.5 a — 1.0, conseguem reproduzir razoavelmente bem os indices observados.
Mostramos também que os grupos que se encontram a esquerda da curva da lei-de-poténcia
pura necessitam um parametro § > 1.0, ou seja, que a distribuicdo de poeira seja muito
concentrada perto de r;; ja os grupos mais préximos da curva de um corpo-negro, necessitam

de 3 < 0.2, significando distribui¢des com densidades mais uniformes e estendidas.

Examinamos também o comportamento da luminosidade no infra-vermelho em relagao
4 luminosidade de linhas no 6ptico. Vimos que as Seyfert tipo 1 apresentam um pico em
sua distribui¢ao para 10 < L /Ly < 100, e outro de menor intensidade para 1000 <
Lir/Lua < 2500; enquanto que as Seyfert tipo 2 apresentam uma distribui¢do com um
bom ndmero de galaxias com 10 < L;z/Lpy, < 2500, com um pico méximo entre 100 <
Lir/Lpe < 500, e ainda tém evidéncia de um pico menor para L;z/Ly, > 10000. Estes
resultados foram interpretados através de um modelo no qual uma galdxia que tem em seu
nicleo, uma fonte ionizante central emitindo um continuo de fétons no UV /éptico; esta
fonte central estd envolta por uma regiao de gas muito denso e quente, a BLR. Por fora da
BLR. a poeira se distribui de alguma forma, e absorve fétons emitidos pela fonte central
e pela BLR. Variando as condicdes sobre a profundidade 6ptica da poeira e/ou sobre sua
distribuicdo espacial, conseguimos explicar os histogramas apresentados pelas Seyfert tipo
1 e 2. Os resultados parecem favorecer a idéia de uma distribuicao de poeira com geometria
especial tipo disco ou toro. Com os resultados apresentados no Capitulo IV, pode-se dizer

que as Seyfert 2 seriam iguais as Seyfert 1, mas com o niicleo Seyfert e a BLR ‘escondidas’.
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Detalhes particulares a cada galdxia, como a massa da poeira responsavel pela emissao
no infra-vermelho, a razdo ry/ry, o pardmetro 3, ou a fragio da luminosidade UV total
que é absorvida e re-emitida no infra-vermelho, dependem fundamentalmente de se ter o
continuo no Ultra-Violeta e em torno de 1-10um bem observados. Com isto, usando as
equagOes mostradas no Capitulo I e no Apéndice B ( e usando o programa DUST), todos
os parametros acima podem ser calculados.

Esperamos que com o passar do tempo, mais galdxias pr6ximas a nés (e ndo apenas
os Quasares), venham a ter essas regides devidamente observadas, o que permitiria uma
analise mais detalhada dos mecanismos de emissao e da geometria da distribuigao de poeira

em cada objeto.




Apéndice A

PROPRIEDADES ANALITICAS DO
MODELO DE EMISSAO

Neste apéndice vamos estudar algumas propriedades analiticas do modelos de emissao
da poeira. Obteremos o comportamento assintético de L2e dos indices de cor para uma
temperatura de evaporagdo muito alta, e obteremos uma expressao para a luminosidade

total devida & poeira, somando a contribui¢do de L2 em cada freqiiéncia.

A.1 Comportamento Assintético de LD e dos Indices de Cor Com
a Temperatura

A expressdo para a luminosidade espectral (por unidade de freqiiéncia) da poeira, em

termos de v e da temperatura é dada por:

T2
LD = mﬂ‘"?‘/ IZK—T)P dr (erg s™! Hz™!), (A1)
1 eK"’i‘ -1

onde « engloba todas as outras constantes independentes de v e de T. A expressao para o

perfil radial da temperatura é:

=2/7+4  TyyT
T(r) = Tey (Til) e o (A.2)

Ao tomarmos o limite

Tey — 00,
podemos fazer a seguinte aproximagao :

hy hy
eKT =~ 1+ —.
KT
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Assim,

T2
LD = gptd / Iz(—r)r2 dr
Tl eKT —1

T2 KT
~ mﬂ“/ n(r)—r? dr
1 hy

K. y+2 [T2 2
= KLV /7”1 n(r)T(r)yr* dr
o« V1 (A.3)

Portanto, a curva da luminosidade da emissdo do pé (vLD), para uma temperatura de
evaporacao muito alta, varia com v"*3.

Assim, o indice de cor, para 2 bandas quaisquer, fica dado por:

log (L2,/LD,)
log (Aa/ A1)
log (v /11)"?
log (A2/ M)
—(v+2). (A.4)

—a()‘2a )‘1) =

Ou seja:

a()\2, )\1) =7 + 2.

Portanto, o indice de cor, para uma temperatura de evaporagao muito alta, e para 2

bandas quaisquer, é o mesmo, independente de A ou T¢,, e é igual a v+ 2.

A.2 Comportamento dos Indices de Cor Para g>1

Embora os modelos utilizados se restrinjam apenas a 0 < § < 1, vale a pena ap-
resentarmos calculo do comportamento dos indices de cor para § > 1 (j4 que o ponto
correspondente a [31—1—{20 (A, A1) estd presente em diversos graficos apresentados nesste tra-
balho).

Partindo-se da equagdo 1.18, e omitindo-se das constantes que ali aparecem, pode-se
escrever a seguinte expressdo para a luminosidade espectral:

T -8 2
L, x Iﬂ+3/ ’ (L) . dr, (A.5)

h,
T \T1/ oK 1
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- 4 _TyvM
onde T=T(T):Tw(L) 2t - Tu

r\'"?_,
e TUV(T)=T2%)11?5:, para (#1.

Fazemos a seguinte mudanga de varidveis:

(5"
X=|— ,
T1

de forma que
dr 1

—1-1
— = —=x "% dx.
™

Assim, podemos expressar 7y (r) em funcdo de X e tomarmos o limite para 3 > 1:

xl_% -1
TU\/(X) - T2 l—ﬂ 1
g
B>1 x—1
~ T A6
2xé_ﬂ—l (4.6)
~ 7n(l-x), (A7)

onde definimos Xy = (%), e T fica da seguinte forma:

2 _Tz(&)
T(x) = T,, XP0+ ¢ )

Assim, definindo w = £, a equagio A.5 fica:
B
L, «x v / ! X dx
g 1 2 Tz(l'x)
WX G N
1 1
CAEs / dx. (A.8)
0

WeTZ (%) —1

Esta ultima integral pode ser facilmente calculada numericamente para qualquer T,

€

e, desta forma, podemos obter os valores assintéticos dos indices de cor. Na Tabela A.2

abaixo apresentamos estes valores para algumas temperaturas de evaporacao .
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Tev(K)
350 500 800| 1000 1500
@(25,12) |1.91 250 2.96 3.11 3.28
a(60,25) |2.94 3.16 3.34 3.39 3.46
«(100,60) | 3.30 3.40 3.48 3.50 3.54

Tabela A.1: Indices de cor calculados para virias temperaturas de evaporagio correspondentes
a modelos com 3>> 1.

A.3 Energia Total Emitida Pelos Graos

Somando-se a contribuicdo de L2 em cada intervalo de freqgiiéncia, podemos calcular a

energia total (L) que, absorvida pela poeira, é re-emitida no infra-vermelho.

o0
Ly = / LD dv
0

oh\ (T2 o Y3
_ 2 Zn 2
= Q(4ma®)(7q) <c2) /7“1 r“n(r) dr/o T dv. (A.9)
Mas,
" — v =cr+are+a (5)
eKT — 1

Com a relagio obtida na equacéo A.2, podemos escrever:

KT(r) e _ (KT.W)’Y+4 ( r ) -2 e~ Tov(T)
h h 1

Assim, L fica:

Lt = 9(477“2)(”(113) <2Zg) Cly+4)T(y+4) ( n )7+4 2 /7‘2 n(r)e_TUV(T) dr.

Observando-se a seguinte relagao :

z=e T = dg = —e_TUV(T)% [TUV(T)] dr = _WaZn(T)e—TUV('r) dr.
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Assim:
T2 T2 d
2 ~Tuv(T) - - (e~ Tuv(T)
Ta /7‘1 n(r)e dr /7‘1 dr(e i) dr
= 1-e ™. (A.10)

Finalmente, notando-se que calculando a equagdo 1.10 para r=r; podemos obter a

seguinte relagao :

LUV
47'('7'12

KTe, ) T+
b

h
= 8mqw (c_2) C(y+4)(y+4) ( -
temos:
— =[—)(1—-e"2). A1l
Lyv (47r) ( ) ( )
No caso de estarmos considerando uma distribui¢gdo dos graos suave, ndo esférica, e
opticamente espessa no 6ptico/UV apenas em determinadas dire¢des (mas ndo ao longo de

nossa linha de visada), a radiagdo UV do nicleo, emitida dentro do angulo sélido definido

pela distribuicdo dos graos é completamente absorvida e re-emitida no infra-vermelho.

ET__(_Q_)
Lyy \d7/°

Mas, como mostrado em Barvainis (1987), h4 pouca diferenca se considerarmos que a

Neste caso, 79— 00, €

poeira se distribui com simetria esférica, mas com uma profundidade 6ptica efetiva baixa
(ou fator de cobertura baixo). Neste caso = 4w, e a fragdo da energia UV absorvida e
re-emitida no infra-vermelho pelo pé é dada por:

L_T — 1 — e_Tef’
LUV

onde 7.5 ¢ a profundidade 6ptica efetiva ao longo de nossa linha de visada.

A.4 Massa Total da Distribuicao de Poeira

Para calcularmos a massa total dos grdos que estdo contribuindo para a emissdo no
infra-vermelho, basta calcularmos o nimero de graos entre r; e ro e multiplicarmos este

nimero pela massa de 1 gréo.
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Sendo p, a densidade de massa (g cm™3) de um gréo, e a seu raio, a massa desse grao
é simplesmente:

= 43
Mg = pg5ma.

O nimero total de graos entre r; e vy pode ser calculado, usando para isso uma geometria

esférica, da seguinte forma:

T2
Np = 47r/ n(r)r? dr
71

T2/T1
= 47r771r13 / x28 dx
1

3-8
)"y
, B#3
3-p J
= 47r771r13 (A.12)

Assim, a massa total dos graos é:

Mp = py(3ma®)dmmr?® (A.13)
r —
In (ﬁ) . B=3.
Podemos especializar a equagio acima para graos de grafite, para os quais a = 0.05¢ m

e p, =2.26g cm™ , e usando 7, em parsecs, 7; em unidades de 1 x 107 cm~3, e chamando

de Fr,/r, o fator dependente de 3 na equagdo acima. Assim:

MD ~ 0.21"’]1’/”13 F'r2//r1 M@.



Apéndice B
LISTAGEM DO PROGRAMA DUST

Todas as equagdes do modelo de emissao de poeira foram incorporadas em um programa
de computador chamado DUST. Este programa pode variar pardmetros como Lyy, 3, €
r9/71, por exemplo, para fazer o ajuste de um continuo de uma galdxia real. Ou entao,

pode-se entrar com pardmetros quaisquer para calcular os indices de cor correspondentes.
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Apéndice C

ARTIGOS PUBLICADOS QUE FORAM
CITADOS AO LONGO DA TESE

Durante o tempo em que trabalhei no meu doutoramento, tive a oportunidade de par-
ticipar de vérios trabalhos com colegas pesquisadores do Departamento de Astronomia do
IF-UFRGS, e com pesquisadores de outros paises. Estes trabalhos foram publicados em
revistas de circulacao internacional.

O assunto de alguns destes artigos se refere ao tema de minha tese de doutoramento, ou
entao algumas galdxias usadas na tese foram estudadas e analisadas anteriormente nestes
trabalhos.

Desta forma, penso que é valido e interessante construir um apéndice com estes artigos.
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PREREERRRKRRKEREERIHKE A KO0 00000000000 E R RN R R Rk ¥y

‘otion Base 1

et int I’J’K;N

trS518=5trings (57, %)
tr70%=5tring$(70,"%")

GrmatlE=" g gHHT

frm yF1t01000),xFit(1000), TempG(1000), EtalG(1000)

Tin xxFit(1000),nyit(ﬂOOO),Fluxﬂens#(1000), FluxDenseff#(1000)
imoxWork(1000), yWork(1000), FluxDKC1000) '
im (ambdaRrq(1000), LambdaMod(1000), FluxRArq(1000)

cm IRAS(10), FluxBand#(10)

maode$="Lrogss"
raphFlots=s"vFy"
lotDbsSpacf="No"
LotPower$="Ng"
LotEffecRE="No"
nEilagz"y
ilaTypes=r?
akarme=""
neModel $="Ng"

RAS(1)=12

= FaEe e I W T
mHo o l=ds

' IRAS 12 pm Band.
' IRAS 25 pm Band.
RAS(3)=60 ' IRAS B0 pm Band.
RAS(4)=100 ' IRAS 100 pm Band.

1=3.141539265 I
Light=3E18 ' Als.
-ightCm=3E10 ' ecmls.
“lanck=6.B8285E-27 ' erg s.
N - N ' K/Hz.
clm=3J.085E18 ' pc -> cm.

TMu=pcCm*10000 pc -) um.



Mo=1.989E33 ' Solar Mass in g.

{5un=3.9E33 " Sun's Luminosity in erg/s
Rhollust=2.2 " Grain Mass-Density in g cm-3.
mFroton=1.67E-24 " Proton Mass in g.
SigStefBoltz=5.67E-5 "0 in erg cm-2 5-1 K"-4.

Ho=50 " Hubble Constant in Km/s/Mpc.
baslustRatio=200 " M(H)/M(dust), Galactic las-To-Dust Mass Ratio.
LuvdBa=1 " UV Luminosity in 10°48 ergls.
bamma=1.8 "Qv = qIR % v r.

Betz=1.0 "'n(X) = n1 X"-B, Dust Number Density.
~Sup=1000 " xSup = rSup/rlnf.

Tev=1500 ' brain Evaparation T (K).
rbrainMu=0.05 " Grain Radius in pm.
“arain=eGrainMu/10000 : ! ! in cm.

Tau(rSup).

Muln=0.1 " First point to calculate spectrum (pm).
«Mu'Ti=']']('J ' Last " " " |l.
SpxMu=1.0 ' Spacing (pm).

alfaPL=-1 " UV Power-Law a« - coefficient.

P

Froploeffs= !

D

UV Pawer-Law praop. coeff.
tumkFactor#=1

FOM:1

tPL=0

bGoSub CalclInit
LoTo Start

Start:
GoSub InputKey

start?:

Screen 0,0

Cls

Print Tab(10) Str51$

Print Tab(10)"xxx OUST EMISSION MODELS EE T
Print Tab(10)“*x%x X%
Print Tab(10)"%%x ®x %"
Frint Tab(10)"%x%x (C) Charles Bonatto *HR"
Print Tab(10) Str51$

Print

Friant" ¢(A) - Sat moadel parameters®

Frint" (B) - Calculate madel spectrum"

Print" ¢C» - Plot model spectrum"

PFrint" <Dy - Save spectrum®

Print" <E) - Read spectrum®



Frint" «<Fy - Plot abserved spectrum"
Print® <Gy - Change Plot Units®
Frint" (H) - Return to nos*

_,_,__,_,__--.__._-_..._...__-_-___..___________-______.____-__.,__._______-_-__.._

Choose:
[o
GoSub InputKey
Choice%=CadeKey%-64
Laap Until Choice%)= And Chaice%(=8

Select Case Choice’

Case 1
bGoTa SetMadPar

Case 2
GoTa CalcModSpec

Case 3
GoTo PlotModSpec

Case 4
GoTo SaveSpec

Case 5
GoTo ReadSpec

Case 6
GoTa FlotObsSp

Case 7
GaTo ChangeU

Case 8
GoTa Fim

End Select

Changel:
LhangeU$="Yagg"
LineP%=1
GoSub ChangeUnit

GoTa Start

/

SaveSpec:
Cls
Input“File Name - ", 0utFiles



Input#?,DeltaxArg

If xFirstArg ) 800 Then
xFirstArg=xFirstArq/10000
JeltaxArg=DeltaxArq/10000

End If

End If

For I=1 To nPointArg

If FileType$ = *Y" Than
Input#?,FluxArg
xﬂrq:xFirstﬁrq+(1-1J*DeLtaxﬂrq

Else
Input#1,xArg, FluxArg
If xArq ) 800 Then

xArg=xMrq/10000

End If

End If

Lambdafrq(l)=xArq
FluxArq(1)=FluxArg
Nowt

Input#7,zRed

zRed2=(1+zRed) "2
Ur=3E5%(zRed2-1)/(zRed?+1)

OistPc=(Vr/Ho)%1EB
DistCm=DistPc*pcCm

LumFactor#=4%Pi%(DistCm"2)

Far I=1 To nPointArgq

FluxArq(I)=FluxArq(I)%LumFactor#*xFactord
Next

Close#
LboTa Start

———————————————————— Calculate And Flot Madel Spectrum -----oceeee ..

CalcModSpec:

GoSub CalcEtaTg
LoSub ModelSpc
GoSub CalcModPar
boSub FindLumBump

[

FlatModSpec:

If DneModel$="Yes" Then
WriteMus$="Yes"
GaSub PlotMaodel
GoSub PrintModPar
WriteMus$="Ng"

If PlotObsSpec$="Yes" Then
GoSub OverPlat
GoSub PlatPoints



End If

If PlotPowert="Yes" Then
GoSub PlotPL
End If

If PlotEffecR$="Yas" Then
boSub CalcEffecR
End If
Else
Print"¥xx%% No Model Calculated *xx¥x"
End If

boTo Start

FlotObsSp:
[f InFile$ ¢» "' Then

Deltalef%=0
DeltaRig%=0

LGoSub DverPlot

boSub FlotSpg

If PlotPaower$="Yas" Then
GoSub PlatPL
End If

Else
Cls

Frint" *%%%% No Spectrum Read *%¥x%"
znd If
bolTo Start

Calclnit:
GIR=(2%Pi%rGrainMu%1E4/cLight) "Gamma

LHamma3d=3+Gamma
Gammad4=4+Gamma

uGamma=0
Far X=1E-10 Ta 100

ubammaz=uGamma+ (X "Gamma3)/ (Exp(X)-1)
Next

Expl1=10%(1.2~-Gamma)
foamma=(2.41%10 " (Exp1)/uGamma/qgIR/(2.08"Gamma)) " (1/Gammad)

rInf=5gr(Luv4BI%((Tev/fGamma) " (-Gamma4/2))
rInfCm=rInf%¥pclm

rSup=rInf%xSup
StepR=(rSup-rInfl)/100

xRin=Lag(1)
nFointRadial=50
SpxR=Lag(xSup)/(nPointRadial-1)

sorain=FPi¥rGrain"2



anintSpec:1+{xMuFi-xMuIn)/prMu

freqln=Log?0(cLight/(10000%xMuln))
freghi=LagT0(clight/(10000%xMuFi))
SpFregs (fregFi-freqln)/(nPointSpec-1)
FlusF

Ezta3=3-Bets

Betal:=1-Beta

actork= prR*B”*PlthLanckxPlxsbraln*qIRx(rInfLm 3)/(cLightCm"2)

£tal=Be taI%Tau;/(sbraln*rlnftm*(-l+xbup Betal))

tlse

Etal =Tuug/(sGraln*rInme*Log(xbup))

If

o
-
s

e i I T S

SetModPar:
ChangeU$="No"

LineP%=4

Locate 2,2

Frint"¢(¢¢¢ Maodel Parameters - (Cpry

LineP%=LineP%+2

Locate LineP%,1
Frint"Luv ( 1E4B aerg/s )
Frint"® -y v,

!

Number#=Luv4B¥
bBoSub GetNumber
Liuv4B8#=Number ¥

lLozste LineP%,33

Print Using"#.#"““"";LuvﬁS#

Locztn LineP%,

Frint"Quv=gxv” T, T “sUsing"##. #48"
Feint" -y "

Numbar#f=Gamma

LoSub GetNumber
Bamma=Number#

Locate LineP%,/2

Frint Using"-#.44";Gamma
LineP%sLineP%+?

Locate LineP%,1

Felot"nlr) a r"-p, B “;Using"-#
Pript® -y

Mumber#=Beta

No change

jbamma;

#4" ;Beta;

e il T U

Yyt

"jUSing"#.#4°" """ Luv4aBe;

i



LoSub GetNumber
BetasNumberd

Locate LineP%,32
Frint Using"##.#4";Beta

Locate LineP%,47
Print"xSup : "iUsing"HREEE"; xSup;

Print" -» %;

Number#=xSup
GoSub GetNumber
xSup=Number#

Locate LineP%,72
Print Using"####4#";xSup

LineP%=LineP%+2

Locate LineP%,1
Print"Gvap, Temp, (in K) ; “jUsing"#&&8";Tev;
Print! AL

Numbar#=Tev
GoSub GetNumber
Tev=Number¥

Locate LineP%,33
Print Using"##kt";Tev

Locate LineP%,4/
Feint"rGrain (pm)  : ";Using“#4#.#4";r5rainMu;
Print® -» *;

Numbaer#=rGrainMu
LoSub GetNumber
rbrainMu=Number#

Locate LineP%,72
Frint Using"#4.#4";rGrainMu
rorain=rbrainMu/10000

LineP%=LineP%+2

Locate LineP%,1
Print"xFirst (pm) : "iUsing®##. #48";xMuln;
Print" -y "

Number#=xMuln
boSub GetNumber
«Muln=Number#

Locate LineP%,32
Print Using"## #4";xMuln

Locate LineP%,47/
Print"xLast (pm) : " Using"d4s #8Y; «MuFi;

Frint" - i

Mumbher#=xMuFi



boSub GetNumber
xMuF1=Number#

Locate LineP%,72
Print Using"##K. #4"; xMuFi

LineP%=LinaP%+2

Locate LineP%,1
Print"Spacing (pm) : "iUsing"#4.##";SpxMu;
Print* -y '

Number#=SpxMu
boSub GatNumbear

SpsMu=Number#

Locate LineP$%,32
Frint Using"##.44";SpxMu

ChangelUnit:
LineP%:=LineP%:+2

Locate LineP%,1

Print* Plot Units
Frint" (A) - Flambda X lambda"
Feint® (B) - vFv X v*"

ub Locatel
ub InputKey

Gos

bo3

If InpKey$="A" Then
GraphPlot$="Flambhda"

Elself InpKey$="B" Then
GraphPlots="vFv"

End If

boSub Locate(

If ChangelU$="Yes" Then
Return
End If

Locate LineP%, 46

Print"Calculate Effective Radius 2,
Frint" ("PlotEffecRs®)y

baSub InputKey

If InpKey$="Y" Then
PlotEffecR$="Yes"
Elsalf InpKey$="N" Then
FlotEffecRE="No"

End If

Locate LineP%,/5



Frint"«"PlotEffecR$")
LineP%=LineP%+1

If InFile$¢)»"" Then
Lacate LineP%, 46

Print "Overplot Observed Spectrum [
Print" <"PlotObsSpecs") *
LoSub InputKey

[f InpKey$z"Y" Then
FlotObsSpect="Yes"
Elself InpKey$="N" Then
FlotObsSpec$="No"

End If

Locate LineP%,75
Print*c"PlotQbsSpect”)
End If

Lol

LinaF%=LineP%+2

Locate LineP%, ]

Frint "QOverplot Fower-Law 7
Frint" ("PlotPower$®y

boSub InputKey

IV InpKey$="Y" Then
PlotPower$="Yes"
Eisalf InpKey$="N" Then

FlotPower$="Nao"
End If

Locate LineP%,22
Frint"("PlotPowerg"y

If PlotPower$="Yes" Then
Locate LineP%,46
Print"Fv a v'a (a) : ";Using"-##.##";alphaPL;
Print"® -y *;

Number#=alphaPL
boSub GetNumber
alphaPL=Number#

Locate LineP%,61
Frint Using"-##.4##";alphaPL

Incr LineP%

Locate LineP%,46

Print"e (PL) : "jUsing"#. gV fPL;
Peint" -y *;

Number#=fPL
LGoSub GetNumber
fPL=Number#

Locate LineP%,81
Print Using" ¥ K8 ; fPL
fOM=1-fPL



End If
GaSub Calclnit

5070 Start

ModelSpc:
OneModel$="Yes"

freqNul#=10"freqln
LumB#=0

fMaxt=-1

ar iX=1 To nPaintSpec
LtagFreqNu=freqln+(iX-1)%SpFregq
FrogNulb=10"laogFregNu
xLambda=clight/freqNu#

Lambdafoc(1X)exL3ambda/10000

Nulb#=fregNu#/xLambda
Flux#=0

For jX=1 To nPointRadial
Xint=xRin+(jX-1)%5pxR

X=Exp(Xint)
LoSub FindTgX

EtaX=Eta1%(X"-Beta)
Rrg=hkx*freqNu#/Tg

I1f Arg » 100 Then
Bnu#=0

Else
Bnu#=1/(Exp(RArgl)-1)

End If

Flusl#=Fluxtf+EtaX%*¥Bnu#eX®XxX

Next
FlusNu#=Flux#%FluxFactor#%¥(freqNu# "Gamma3)
if FluxNu#=0 Then
FluxNu#=1E-3
End If
FluxDens#(iX)=fDM¥(FluxNu#*NuLb#)*¥Factor#
If FluxNu#xfreqNu# = fMax# Then
fMax#=FluxNuk*freqNu¥

xLmax=xlLambda
End If

dFreqNu#=freqNulk-freqNu#



fregNul#=freqNu¥

LumB#:LumB#+(FluxNu#*fDM)xdFreqNu#
Next

LumB#=(LumB#/Luv4B#)%1a-46

Return

CalclBO:

UneModel$="Yes"
freqNu#=5E12
~Lambda=6EY
lambdaMad=xLambdas10000
Nubbl=freqNul/«Lamhda

Flux#=0

For jX=1 To nPointRadial
Xint=xRin+(jX-1)%SpxR

X=Exp(Xint)
LoSub FindTgX

EtaX=Etal*(X"-Heta)

Hrg=hk%*freqNu#/Tqg

If ARrg » 100 Then
Bnu#=0

Else

Bnu#=1/(Exp(Argl)-1)
End If

Flusl=Flusf+EtaX*BnulxX®XxX
Next

FLuxNu#:Flux#*FluxFactar#x(freqNu#"BammaSJ
If FluxNu#=z0 Then

FluxHu#=1E-3
End If

FluxDensB0#=FluxNu#
FrapCoefNu#:(fPL*FLuxDensSO#x(freqNu#)"(—alphaPL)J/LumFactar#
PropCoef#:PropCaefNu#*CcLight"(alphaPL+1))
alfaPL=-(2+alphaPL)

Return
]

¥

]

CalcModPar:
mBrain#=Rholust*4%xPi%(rGrain~3)/3



If Beta () 3 Then
DustVol#=(xSup~Betad-1)/Betal
Else
DustVol#=Lag(xSup)
End If

DustNumberﬂ=4*Pi*(rInme"S)*EtaT*DustVol#

miusté#=mGrain#*DustNumber#/Mao
Hdenslnf:ﬁasﬂustRatia*Eta1*mGrain#/mProton

----------------------- Calculate Modal Alphas ---e-eeooo L.

For I=1 To 4
IrasBand=1IRAS(I)

Lambdal=LambdaMod(1)
«Lambda1=10000%Lamkda

Flux1#=FluxDens#(1)

[T PLOtPowarsx"Yoc" Than

FowerlL#=Factor#¥PraopCoef#%(xLamhdal alfaPL)
Flus1#:=Flux1# + PowarL#¥LumFactar#
Emnad If

For J=2 To nPointSpec
Lambda2:-lambdaMad(J)
xLambda2=10000%Lambda?

luxZ2#=Flu=xDens#(J)

If PlotPower$="Yes" Then
PowerL#=Factor#%PropCoef#%(xLambda2"alfaPL)
Flux2#=Flux2# + PowerlL#*%LumFactor#

Emnd If

Sgnl=Sgn(IrasBand-Lamhda?l)
Sgn2=Sgn(IrasBand-Lambhda2)

If Sgn1 <) Sgn2 Then
DeltaXl=Lambda2-Lambda1
DeltaFlA=FluxZ#-Flux1#
FtuxBand#:Flux1#+DeLtaFl#*(IrasBand-Lambda1)/DeltaXt
FluxHand#(I):FLuxHand#*(IrasBand)"E/cLight

End If

Lambdal=Lambda2
FluxT#=Flux2#
Next
Next

S12#=FluxBand#(1)
S25#=FluxBand#(2)
alf32512=—L0g10(525#/512#3/L0g10(25/12)

If xMuFi = B0 Then
SEQ0#=FluxBand#(3)



alfaBOWE:-Log10(SED#/S12#)/L0g10(60/12)
a[faSOZS:-LDg10(SBO#/SES#)/Log10(80/25)
Elsea
alfab012=--999
alfaB025=--999
End If

If xMuFi Y= 100 Then
5100#=FluxBand#(4)
aLfa10012:~Log10(5100#/512#)/Lag?O(100/12)
alfaﬂOOES:-Lag10(5100#/525#)/Log10(100/25)
alfa?OOBO:-Log10(5100#1580#)/Log10(100/603
Else
alfal0012=-999
alfel0025--399
alfal00B0--999
End If

-------------------- Calculate Observed Alphas ~-ceemeeooo L.

If PlotObsSpect="Yes" Then

FOp [el T8 4
IrasBand=IRAS(I)

Fluxl#=FluxfArg(1)
Lambdal=lambdaRArq(1)

For J=2Z To nPointArg
LambdaZ2=lambdafRrg(J)
Flux2#=FluxArq(J)
Sgnl=Sgn(IrasBand-Lamhdal)
SgnZ=Sgn(IrasBand-Lambda?2)

If Sgn1 ¢y Sgn2 Then
DeltaXl=Lamhda2-Lambda1
DeltaFl#=Flux2#-Flux1#
FLuxBand#:Flux1#+HeltaFL#*(IrasBand-Lambd31)/DeltaXL
FlumHand#(I):Fluannd#*(IrasBand)”Zchight

End If

Lambdal=Lambda2
Flux1#=Flux2#
Next
Next

S124#=FluxBand#(1)
SZ254#=FluxBand#(2)

alfalbs25172=-Laog10(S254#/512#)/Lag10(25/12)

If lambdaRArq(nPaintArg) >= B0 Then
S560#=FluxBand#(3)
aLfansED12=-Log10(550#/512#)/Log10(80/12)
aLfansGDZS:-Log10(550#/525#)/Log10(80/25)

Else
alfaObs6012=-999
alfa0ObsB025=-999

End If

If lambdaRArq(nPointArqg) 3= 100 Then



S100#=FluxBand#(4)
aLfaObs10012:—L0g10(5100#/512#)/Log10(100/12)
alfansTOOQS:-LogTO(S100#/525#)/Log10(100/25)

alfanSTOOBO:-LogTO(STOO#/SEO#J/Log?O(?OO/EO)
Else

alfalbs10012=-939
alfalbs10025=--949
alfaObs10060=-999
End If
cnd If

FindlumBump:
(Bumpk=0
Lambdal=10000%lambdaMad (1)

For I=2 To nPointSpec
LambdaZ=10000%lambdaMad (1)
deltalb=LambdaZ-Lambda1
LBump#=1Bump#+FluxDens#(I)xdeltalhb

Lambdal=Lambda?Z
Naxt

LBump#=LBump#x1E30
LBumpUV=(LBump#/LuviBE) % 1E- 46

slurn

g

R
, T TTTTTTTmosooos------- Plot Model Spectrum ----oeeeoooooo L.
FlotModel :

nFointl=nPaintSpec

For I=7 To nPointSpec
FluxO#(I)=FluxDens#(I)

If PlotPower$="Yes" Then
xLambda=10000%lambdaMad (1)
PowerL#:PrapCoefﬂ*Factor#*(xLambda"aLfaPL)

FluDA(I)=Flu=DK(I) + PowerlL é%LumFactar#
End If

Next

FileTypeR$=FilelTypes$
FileTypes=""

GoSub FindPlot
FileTypet=FileTypeAs

Cls
Screen 2

Deltalef%=260
DeltaRig%=0

QuestionChange$="Yes"
Factor#=1E-30
iLline=-2



bmoded="Line"
NoNorm$="Yes"

nFointWork=nPointSpec
boSub FlotSpce
HoNorm§=""

I To nPaintSpec
xWork(I)=LlambdaMad(I)
FluxDB(I)=FluxDens#(1)

—-
-

FiteTypeR$=FileType$
ilelypes=""

oSub FindPlot
ilelypat=FileTypeNs

1o

[

Gmaodes$="Line"
Lmoda$="Point"

HQSUb FlatPoints1

FindFWHM:
fLambdaHalf=fLambdaMax/2

flLambdal=yFit(1)
xLambdal=xFit(1)

-

For I1z2 To nPointSpec
flLambda2=y¢Fit(])
«LambdaZ=xFit(I)

5gnl=Sgn(flLambdal-fLambdaHalf)
SgnZ=Sgn(fLambdaZ?-fLamhdaHalf)

If Sgn1 ¢» Sgn2 Then
DeltaXl=xLambdaZ-xLambdal
DeltaFl#=fLambda?-fLambdal
xIntp=xLambdal+DeltaXL*#(fLambdaHalf-fLambdal)/DeltaFl#

If xLeft=0 Then
xLeft=xIntp
Else
«Right=xIntp
End If

End If
fLambdal=flamhda?2
xLambdal=xLambda2

HNext

FWHM=xRight-xLeft



LineP%=1
Locate LineP%,1
Frint Using"LumbvV

LineP%
Locate LineP%,1
Frint Using"Beta

incr

Ince LineP%

Ince LineP%
Locate LineP%,1
Print Using"rInf

Yher LinePy
Locate LineP%,
Frint Using*rSup

Incr LineP%
Locate LineP%,1
Print Using"T(rInf)

Incre LineP%
Locate LineP%,1
Frint Using"T(rSup?

Incr LineP%
Locate LineP%,1
Print Using"n(rInf)

Incr LineP%
Locate LineP%,1
Print Using"n(rSup)

Incr LineP%
Locate LineP%,1
Frint Using"Tau Inf

Iner LineP%
Locate LineP%,1
Print Using"Tau Sup

Incr LineP%
Locate LineP%,1
Print Using"Lb/Luv

Incr LineP%

Incr LineP%
Locate LineP%,1
Print Using"Mdust

-H HETTT" ergls'jLuv4B#XT1E4E

-#. 44" ;Beta

KRRKK . 88 pc"jrnf

ke B4 pc';rSup

#HEKE K" ;Tinf

#uang K"; Tsup

#.##nann

/cm3" ;Etal

#. 44"

lcm3";Eta2

#_HE"; Taulnf

#. 88" ; TauSup

#.88°""" ergl/s";LumB#

#.KK°""" Mo";mDust#

'LBump#



Frint Using“n(H)inf : ¥.48°""" /em3";HdensInf

Incer LineP%
Linel%=LineP%

Locate LineP%,1
PFrint" RAlpha Model";

Incr LinaP%
Locate LineP%,
Frint Using"(25;12) . -#k.#4 ";alfa2s512

If alftaB025 ¢» -9399 Then
Incr LineP%
Locate LinaeP%,1
Frint Using"(60;25) : -8&.4¢ “;alfaB02s

Snd If

If alfal0060 ¢» -999 Then
Incr LinePY
Locate LineP%,1

Brint Using"(100;60) : -4k #¥ ", alf210080
End If

If FlotObsSpec$="Yes" Then
Locate Line@%,22
Print"Observ”;

Incr LineQ%
Locate LineQ%,20

Print Using" -##.K¥ ";alfalbs2512

If alfaObsB025 <> -999 Then

Incr LineQ%

Locate Linel%,20

Print Using" -#¥_ KK ";alfa0ObsB025
End If

If alfaObs100680 ¢» -999 Then
Incr LineQ%
Locate Line@%,2

Print Using" -##.44 ";alfa0bs100860
End If
End If

Iner LineP%

Incr LineP%

Locate LineP%,1

Frint Using"Max FL : #¥.#F microns";xLambdaMax

Incr LineP%
Locate LineP%,1
Print Using"ThbbMax : HRHK K" ;TbbMax

Ince LineP%
Locate LinefP%,1
Frint Using“Lbb : R.RETTTT ergls";LumBBY

Ince LineP%
Ince LineP%



Locate LineP%,
Print Using"Lbump/Luv : #. K4 " ; LBumplV

Incre LineP%
Locate LineP%,1

Print Using"FWHM : HERE BB micrans';FWHM

Return

R R LR OverPlot Observed SPeCErUM =--ocomemooeomomeeene-
GverPlot:

iFirst=0

iLast=0

For I=1 To nPointArg
sWork(l)=lambdafArq(]l)
xAc=lambdafArq(I)

If xAc »s xMuln Then
If iFirst = 0 Then
iFirst=1
End If
Endg If

If xAc »= xMuFi Then
If iLast = 0 Then
iLast=1I
End If
End If
Next

1f iLast=0 Then
iLtast=nPointArgqg
End If

nPointl=1+(iLast-iFirst)
For I=1 To nPointC

FlusD¥(I)=FluxArg(iFirst+I-1)
Naxt

LoSub FindPlot
nPointWork=nPointC

umode$="Lirc"
NoNormf="Yes"

If PropCoaf# <) 0 Then
nFointPL=5%¥nPointC

xFirstPL=xMuln
«i.astPL=xMuFi

JaltaxPL=(xLastPL-xFirstPL)/(nPaintPL-1)



For [=1 To nPointPL
xWork(I)=xFirstPL+(I-7)%DeltaxPL
xLambda=10000%xWork(I)

FowerL#=Factor&%PropCoef#%(xLambda"alfaPL)
FluxO#(I)=PawerL#%¥LumFactar#¥
Next

nFointC=nPaintPL
iFirst=1
FileType$="xxx"

boSub FindPlot

nPointWork=nPointPL
Gmode$="Dash"
Ga8ub PlotPointst

Eﬂd I)r
Raturn
!

----------- Calculate Effective Radius Lbump(rEff) = 0.9 Lbump ---------.

catckEffecR:
Incr LineP%
Incr LineP%
StepEff%=0

rEff2=rSup
LBumpZ24#=LBump#

Jo

Locate LineP%,1

Incer StepEff%

Print "Calculating rEff : Step #"; StepEff%

nPointRadial=nPointRadial-1

oSub FindEff
rEffl1=rLast

If LBumpEff# (= 0.9%LBump# Then
Exit Loop
End If

cEffZ=rEff1
LHumpZ2#=LBumpEff#

—-Qop
rEFF:rEFf7+(rEff”-rEff1)*(O.S*LBump#—LBumpEff#)/(LBumpS#-LBumpEff#)
K=r£2ff/rInf

Sub FindTgX

ffect=TgX

uk f

ctabEff=Etal%{X " -Beta)

aFaintl=nFointSpec

For I=1 To nPointSpec



FLuxD#(I)=FluxDensEff#(I)
Next

FileTypeRS$:=FileType$

FileTypes=""
GoSub FindPlot

FileTypet=FileTypens

Locate LineP%,1

Print® : "
Locate LineP%,1
Frint Using"rEff : KEREK BE pc;rEfT

Incr LineP%
Locate LineP%,;1
Print Using"TCrEff) . #aps K';Teffect

Incr LineP%
Locate LinePy,1

Print Usinﬁ“Tau(rEff) ; ﬁlﬁﬁ"jfﬂUfff

Incr LineP%
Locate LineP%,1
Print Using"Eta(rEff) . #. g4~~~ /cm3";EtaEff

Incr LineP%
Locate LineP%,1
Print Using"LbumpEf  : K. ##°°"" erg/s*; | BumpEff#

Gmodag$="CipcH

If PlotDbsSpec$="Yes" Then
Lmode$="Square"
Encd If

bo5ub PlotPoints

——————————— Calculate And Plat T(x) And nix) Radial Profilas -—-----___._

«Uiv%=1000

If ' r5up ¢ 1000 Then
«Divk=1
End If

Indice=0

For xI=rInf To rSup Step StepR
Xz=x1/rlInf
boSub FindTgX

Incr Indice

¥Fit(Indice)=xI/xDiv%

Tempb(Indice)=TgX

EtaG(Indice)=Etal*(X"-Beta)
Next



TauX=(X"Betal-1)/Betal
Else

TauXzLog(X)
End If

TaulzslGrain¥rInfCmxEtal

TauX=Taul0%TauX

TgX=Tav¥X"(-2/Gamma4)¥Exp(-TauX/Gamma4)
Raturn

PlotSpc:
yMinPlsyFit(1)
yMaxPl=yFit(1)

For I=17 To nPointWork
Y=yFit(I)
If YyyMaxPL Then yMaxPl=Y

If Y(yMinPl Then yMinPl=Y
Next

If yMaxPl=yMinPl Then
yMaxFl=yMaxPl+0.25
yMinPl=yMinPL-0.25

End If

NMormaliz#=Rbs(yMaxPl)
Il GraphFlot$="vFv" And NoNorm$="Yes”

Mormaliz#=1
End If

Then

yMin=yMinPl/Narmaliz¥
yMax=yMaxPl/Normaliz#

If QuestionChange$="Yes" Then
Print
Print"Scale factors : *"
Print
Print“"Maximum
Print"Minimum
Print

Input"Change scale ta plot

"Using Format1$;yMax

"Using Format1i;yMin

(Y/Cry ";Es$

If Ess¢ry"" Then
Print
Print*"Maximum "Using Format1$;yMax;

Print" =) ";

Number#=yMax

GoSub GetNumber
yMax=Number#

If Numb$="" Then
Locate 9,23

Print Using Format1$;yMax
End If

Print"Minimum “Using Format1$;yMin;



If Abscissa$c)"" Then
LenAbs=zLen(Abscissas)
Locate BotScr%+1,HalScr%-LenAbs/?
Print Abscissa

End If

If Ordenada$<)"" Then
1Colu=LefSqr%/8
Locate S+iline,iColu+2

If GraphPlot$="Flambda" Then

Print Ordenada$;Using" ( B BU""""";Narmaliz#/Factor#;
Else

Print Ordenada$; " ( ",
End If

Frint MaisOrd$
End If

Line(Le{Sqr%,BotSqr%J-(RigSqr%,TopSQr%),,B

For V-DotPlatd T, ?opplaf% Step StepOrd
Line(LefSqr%,Y)-Step(4,0)
Line(RigSqr%,Y)-Step(-4,0)

yOrd=yMin-(Y-TopPlat%)%xScaleY
yPlot=(Y+5)/8
Locate yPlot,iCol-2

Lf bGraphPlot$="vFv" And NaNorm$="Yes" Then
Locate yFlot,iCol-3
Print Using"-##4.#44#";y0rd;
Else
Frint Using"-#.44";y0rd
End If
Next

*Firstz=PiFlat
xSecan=PiPlot+StepAbsxScaleX
xDif=Abs(xSecan-xFirst)

If xDify10 Then
xPrecision%=1
ElselIf xDify»0.15 And xDif¢(=10 Then
xPrecisiaon%=10
Elself xDif¢(=0.15 Then
xPrecision%=100
End If

For X=LefPlot% To RigPlot% Step StepRbs
Xi:Fix(xPrecisian%*(PiPlot+(X—LefPlat%)*ScaleX))

xScale$=""

If Xi<0 Then
xScale$="-1"

End If

Xi=Abs(Xi)
PartI=Fix(Xi/xPrecisian%)
Iat=Str$({Partl)



Next

/

xScale$=xScale$+Ia$

If xPrecision%)=10 Then
Idiv=xPrecision%/10
xScala$=xScale$s+" "

Do
PartI=Fix(Xi/Idiv)
Iat=Str$(Partl)
xScale$=xScale§+Right$(Ias,1)
Idiv=Idiv/10
Loap Until Idiv¢1

End If
LenXscale%=Len(xScale$)
FosXscale%=X/8+2-LenXscale%

If LenXscale% » 3 Then

Incr FosXseala$
End If

Locate BotScr%,PosXscale%
Print xScale$

If WeiteMu$="Yes" Then
xTopS=3e14/10"(Xi/xPrecision%)
Locate 1,PosXscale%

Print Using"### . #";xTapS

End If

Line(X,BotSqr%)-Step(0,3)
Line(X,TopSqr%)-Step(0,-3)

PlotPoints1:
Xo=LefFlot%+(PiWark-PiPlat)/ScaleX
YD:Tothot%—(yFit(1)lNarmaLiz#-yMinJlScaLeY

If Yo<BotSqr% Then Ya=BotSqr%
If YorTopSqr% Then Yo=TapSqr%

FlatPoints:

iPL=

Far

1
I=1 To nPaintWark

X=xFit(I)
xFlot=LefPlot%+(X-PiPlot)/ScaleX

Y=yFit(I)/Normaliz#
yPlot=TopPlot%-(Y-yMin)/ScaleY

If Xo (= LefPlot% Then
Xo=LefPlot%
End If

If Xo »= RigPFlot% Then
Xo=RigPlot%
End If



If Yo ¢= BotPlot% Then
Yo=BotPlot%
End If

If Yo »= TopPlaot% Then
Yo=TopPlot%
End If

IT xFlot )= LafPlot% And xPlot <= RigPlot% Then
[T yPlot »= BotSqr% And yPlot «= TopSqr% Then

If Gmode$="Circ" Then

Circle (xPlot,yPlat),?

Elself Gmode$="Square" Then
Line(xPLot-1,yPLat-1)-(xPLOt+1,yPLot-?)
Line-(xPlot+1,yPlat+1)
Line-(xPlot-1,yPlat+1)
Line-(xPlat-1,yPlot-1)
Line(Xo,Yo)-(xPlat,yPlat)

Elself Gmode$="Dash" Then

line(Xo,Yo)-(xPlot,yPlotJ,,,&HCECC
Elself Gmode$="Point" Then

LIna(Xa, Y0)-(4RLAY,yPLat), , , AHANOR

Elself ULmode$="HBlank" Then

" Plots Nothing
Else

Line(Xo,Ya)-(xPlot,yPlat)
End If

End If
End If

Xo=xPlot
Yo=yPlat
Next

InputKey:
InpEey$=InKeys$
If InpKey$="" Then InputKey

CodeKey%=Asc(InpKey$)

1f CodekKey% » 95 Then
CodeKey%=CodeKey%-32

InpKey$=Chr$(CodeKey%)
End If .

GetNumber:
Input,Numbs$
If Numb$¢y»"" Then

Number#=Val(Numb$)
End If



_.___------—------—.--—..-—__-_---——-----_-.--..——-.-..-.-----..----..-_._----

FindEff:
LBumpEff#=0

For iX=1 To nPointSpec
¥Mu=xMuln+ (1X-1)%SpuMu
sLambda=10000%xMu
freqNuk=clight/xLambda
NuLb#=freqNu#/xLamhda

Flux#:=0

Far jX=1 To nPointRadial
Kint=xRin+(jX-1)%SpxR

Xz=Exp(Xint)
LoSub FindTgX
Tg=TgX

EtaXzEtal1*(X"-Beta)

Arg=hk%freqNu#/Tg

If Arg » 100 Then
Bnu#=0
Else

Bnu#=1/(Exp(Arg)-1)
gnd If

Flux#=Flux#+EtaX*Bnul¥XxX%X
Next

FLuxNu#:Ftux#*FLuxFactar#*(freqNu#"GammaS)
If FluxNu#=0 Then

FluxNu#=1E-3
End If

FluxDensEff#(iXJ:CFLuxNu#*NuLb#J*Factor#
FluxLbEff#=FluxDensEff#CiX)

LBumpEff#=LBumpEff#+FluxlLbEffg
Next

LBumpEfszLBumpEff#*(prMu*100003*1E30

xFin:xRin+(nPointRadiaL—1J*prR
rlast=rInf*Exp(xFin)

Return

FindPlat:
flLambdaMax=-1

For iX=1 To nPointC



If FileType$O)"" Then
xMu=xWark(iX+iFirst-1)
Else
xMuslambdaMod(iX)
End If

xLambda=10000%xMu
fregNu#=cLight/xLambda

FluxLb#=FluxD#(iX)

If GraphPlot$="Flambda" Then
xFit(iX)=xMu
FluxLambda#=Log10(FluxLb#)

Abscissa$="Wavelength (microns)®
Ordenada$="Log(Llambda)"
MaisOrd$=" erg/s/A )"

Else
xFit(iX)=Log10(fregNu#)

FluxLambda#sLog10(xLambdaxFluxLb#/(Sun/Factor#)

Abscissa$="log(v) (Hz)"®

Ordenada$="log(vLv)"

MaisOrd$="Lo) "
End If

yFit(iX)=FluxLambda#

If FluxLambda# » flLambdaMax Then
flLambdaMax=FluxLambda#
xLambdaMax=xMu

End If

Next

)

If xFit(1) » xFit(2) Then
IndiceS=0

Faor I=znPointC To 1 Step -1
Incer IndiceS

wxFit(IndiceS)=xFit(Il)
yyFit(IndiceS)=yFit(I)
Next '

For I=1 Ta Indice$S
xFit(Id=xxFit(I)
yFit(Id=yyFit(l)

Next

End If

Return

Locate(:

Locate LineP%+1,1
Print"

Locate LineP%+2,1



Ceint”o !

If braphPlot$="Flambhda" Then
Locate LineP%+1,1

Else
Locate LineP%+2,1

End If

Print"-»";
Jeturn .
PRREERREERRERERRRRREERERARRRR End Of Listing KKK KAAARRRREE R KRR ARAAAK
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Summary, We have isolated the emission-line component in a
sample of 92 galaxies using stellar absorption templates built

from emission-free star cluster spectra. All sources of reddening
extrinsic to the line emitting regions have been properly taken
into account. A statistical analysis of the emission line proper-
ties has been carried out. We conclude, in particular, that the
[Nu] 246548, 84 lines are slightly more sensitive to metallicity
effects than the [Su]426717,31 lines. However, both [Nu]
and [Su] lines are as well dependent on the excitation mecha-
nism. The intrinsic reddening inferred from the Balmer emission
line ratios is rather homogeneous as the Ha/Hp line intensity
ratio is peaked around the value 4.2. This indicates a remarkably
uniform dust content in those regions building up the emission
spectrum for a wide variety of objects: LINERS, nuclear H1i
regions, normal Hu regions, Seyfert2 nuclei and the narrow
line region in Seyfert 1 nuclei.

From a subsample of 76 galaxies we have built three charac-
teristic average spectra corresponding to (i) nuclear H 1t regions,
(ii) objects identified as LINERS and (iii) extreme low-level emis-
sion galaxies with W,,(Ha) < 2A. For the latter class of objects
we have been able to push down line measurements to an
unprecedent level. We conclude from the [Su]146717, 6731/
[S1m1] 449069, 9532 line ratio that shock ionization is the mech-
anism at work in extreme low-level emission galaxies.

Key words: galaxies: active — nuclei - stellar content - inter-
stellar medium: abundances - lines: formation

1. Introduction

The emission component in normal galaxy nuclei is dominated
by forbidden lines from neutral or singly-ionized species which
have been previously analyzed by eg. Heckman (1980a,b),
Stauffer (1982a,b) and Keel (1983). The emission component
is in general severely entangled with the underlying stellar pop-
ulation. Thus it is extremely important to have suitable stellar
population templates in order to isolate the emission component
from nuclei within galaxies of various morphological types.
Often, galaxy nuclei with an almost pure absorption component

Send offprint requests to: D. Alloin
* Based upon observations collected at the European Southern
Observatory (La Silla)

are employed as templates. However there always remains the
doubt of a residual emission contribution, especially at 11y, in
the template, even when this line is seen primarily in absorption.
Furthermore it is practically impossible to find a bluc galaxy
nuclear population template without emission lines. A betier
approach to disentangle the emission contribution from the
underlying stellar population is to use model population tem-
plates. Along this line Keel (1983) has employed population
templates built from stellar spectra: these however were not of
a metallicity large enough for representing massive galaxy nuclei.

Recently a method for population synthesis using a library of
integrated spectra of star clusters has been developed (Bica,
1988 and references therein). This method is a two parameter
analysis, age and metallicity. The initial mass function (IMF)
and stellar evolution characteristics are implicit, as we use ob-
served star cluster spectra. Thus it has been possible to derive
suitable stellar population templates which-are used in the pres-
ent paper to obtain the pure emission component. The analysis
of the pure emission component gives in galaxy nuclei an insight
into the ionization mechanism at work in galaxy nuclei: does
this mechanism differ according to the emission level? Two ob-
servational approaches can be used to answer this question.
First, an analysis of individual galaxy spectra. In this case how-
ever, it is still very difficult to access lines like [0 ] 45007 and
[Sm]A9532 in weak LINERS (Keel, 1983; Diaz, Pagel and
Wilson, 1985, hereafter DPW), in spite of large progress achieved
in detectors over the last decade. The near infrared region is
moreover entangled with earth’s atmosphere molecular bands.
A second approach is to group objects and sum their spectra,
according to similar properties, such as the intensity of strong
emission lines. Thus, a higher signal to noise ratio can be
achieved and in water-vapor contaminated regions, residues of
these corrections are averaged out. It becomes then possible to
measure emission lines to an unprecedently low-level: this in
turn may clarify what is the dominant ionization source in the
corresponding objects.

This paper develops as follows: in Sec. 2 we briefly present
the observational data set and the galaxy sumple; in Sect. 3 we
give a few comments on the stellar population templates and
their subtraction; in Sec. 4 we provide measurcments of purc
emission spectra and make comparisons with earlier works; in
Sec. 5 we study the physical properties of the gas for the whole
galaxy sample; in Sec. 6 we group objects in three classes for
improvement of the data signal to noise ratio and hence for ac-
cess to weak lines. This in turn provides information ubout the
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lonization mechanism at work in each class of objects. Finally,
we present in Sect. 7 some concluding remarks.

2. Observational data set and galaxy sample

The observational material was collected at ESO and consists
of visible 1DS spectra (Bica and Alloin, 19864, hereafter BA 86a,
a notation to be used all throughout for this scries of papers;
BARTa) and near infrared CCD spectra (BA 87b). The spectral
resotution is of the order of 10-12A. The original sample was
mide of 167 objects with 1DS visible spectra. In the present
analysis we have excluded 71 objects because of an absence or
an only marginal evidence of emission. Galaxies NGC 1387,

NGC 1398, NGC4552, and NGC 7184 although showing weak

cmission lines were disregarded as well owing to low $/N ratio
data.
The remaining 92 objects are listed in Table 1. In the first

COlUMm We give the object idantifisatian: i the sseand one the

related population template (Sect. 3); in the third and fourth
columns the morphological type and absolute magnitude, respec-
tively. Columns 5 to 7 list different sources of reddening which
were taken into account (Sect. 3). We have also included in the
present analysis the spectra of the LMC H 11 regions NGC 1714,
NGC 1895, NGC 2070, and of the SMC H 11 region N 88 (Henize
88) from BA 86a.

Objects for which a CCD spectrum is available in the near-
infrared are labeled with IR in Column 8. We also provide in
Column 8, some references corresponding to previous observa-
tions of the object.

The stellar population subtraction, the deblending procedure
and the line measurements (Sects. 3 and 4) were carried out with
a spectral analysis package developed in Porto Alegre.

3. The underlying population and its subtraction

The stellar content in each galaxy must be carefully taken into
accounl in order to study the pure emission component. As well,
all sources of reddening extrinsic to the line-emitting region
itself must be corrected. The foreground reddening due to our
Galaxy was corrected in BA 86a, and BA 87b using a cosec law
(Column 5 of Table 1). Additional reddening corrections arising
from inclination effects in spirals are from BA 86b and BA 87a
and are listed in Column 6,

Guided by measurements of the major absorption features
present in each spectrum, we have then subtracted an absorp-
tion template built from star cluster spectra, according to the
stellar population synthesis method described in Bica (1988).
The respective model templates are listed in Column 2 of Table
1. We emphasize that using templates built from star cluster
spectrit ensures that the subtraction will not be affected by weak
underlying emissions, as could be the case using real galaxy
templates. For some of the objects, it was necessary to apply a
further reddening correction in order to adjust the galaxy con-
tinuum to the template. We point out that a difference between
the continuum distribution of a given galaxy and its template
could also arise from a departure of the population model from
the real galaxy. However, in general a simple reddening correc-

tion is sufficient to explain the difference. Anyway, these red-
dening corrections are very small (Column 7 in Table 1).

The great importance of a consistent stellar population sub-
traction is demonstrated in Figs. | to 3. We show in Fig. 1a the
effect of subtracting from the galaxy NGC 4438 which presents
4 suspected Hf emission, its red model template (83). Notice
how the originally marginal Hp emission is enhanced after the
subtraction. In Fig. 1b we illustrate the subtraction from the
NGC 7552 spectrum of its blue model template ($7): notice that
without the subtraction, an error of about 40%, on the £ line in-
tensity would arisc which would in turn affect considerably the
Ha/Hp ratio, implying a large crror in the reddening determina-
tion. Figures 2a and 2b show the effect of the subteaction in the
Hx + [N 1] A46548,84 region for NGC 4438 and NGC 5064 re-
spectively, For NGC4438 the cffect on Ha of the subtraction is
negligible, while for a weaker case like NGC 5064 it becomes

fundamental as after the subtraction, Ha shows up more pram-

{a)
1.5+ |
NGC 4438
9.7 t+
"8 W 1
6.1 1 ;
4.3 1
x
2
22,5 }— ' ' : :
*a (b) |
380 NGC 7552
[+
14.4
10.8 W\/\\/\f’\-\,\/\/\/
7.2 ¢
36}
4720 4800 4880 4950 5040 X (A)

Fig. 1a and b. Subtraction of the population template in the Hp, [Om]
region. The upper spectrum is the composite observed spectrum (steflar
population plus emission spectrum). The medium spectrum represents
the model stellar population corresponding to this object, the lower
spectrum is the pure emission spectrum, a Galaxy with its red model
population. b Galaxy with its blue model population. Vertical units
correspond to F,(5870A) = 10 in the composite observed spectrum; a
suitable constant was added to some of the spectra for casc of visualization
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(1) (2) 3) @) ) (6) Y @®)

Object Template  Mtype M, EB-V)g EB-V) EB- V)p  Comments

N 88 - - - 0.03 - - SMCH u region, 8
NGC289 S3 Se =2141 00 0.10 0.0 1

NGC 625 - Am —17.33 0.0 - - 6

NGC692 S3 Sc -2296 0.0 - 0.0

NGC772 S4 Sb -2329 002 0.19 0.08 1,34

NGC 908 S4 Sc =2215 00 0.11 0.06 1

NGC 986+ S7 Sb =2181 00 - 0.0 1

NGC 1084 S6 Sc -2162 00 0.0 0.04 1,3

NGC 1316 S2 Sa -2308 00 - 0.10 1,7

NGC 1353 S4 Sc -2075 00 0.02 00

NGC 1371 S2 Sa -2076 00 0.0 0.02

NGC 1380 S1 Sa -21.30 00 0.0 0.04 1,7

NGC 1400 E2 S0 -1794 00 - 0.20

1C 1459 El E -21.61 0.0 - 0.04 1,7

NGC 1553 ES SO —-21.26 0.01 - 0.05 1] 7

“Uﬂ lg” §4 Sc -19.72  0.03 - 0.02 3

NGC1714 - - - 0.06 - - IR, LMCH 1 region, 10
NGC 1895 - - - 0.06 - - IR, LMC H 1 region,
NGC 2070 - - - 0.06 - - IR, LMCH 11 region, 9
NGC 2442« S4 Sc —-21.20 0.06 - 0.04 IR, 1

NGC 2903 S7 Sc —20.96 0.01 0.18 0.08 3

NGC 2997 S5 Sc -21.40 0.08 - 0.0 IR, 1

NGC 3054 S3 Sc —21.46 0.05 0.02 0.02 IR, 1

NGC 3056 E4 SO —1836  0.06 - 0.0 IR

NGC 3351 S5 Sb —2066 0.0 0.0 0.0 3

NGC 3358 S3 Sa —21.69 0.06 0.06 0.0 IR, 1

NGC 3368 S3 Sb —2141 00 0.36 0.0 1,3,4

NGC 3623 S3 Sa —21.48 00 0.25 0.0 1,4

NGC 3627 S4 Sb —2148 00 0.11 0.02 1,3,4
NGC3783 . - Sa —20.81 0.05 - 0.0 Seyfert 1, 13, 14
NGC 3887 S4 Sb -2032 00l - 0.0 IR

NGC 4027 S7 Sc -21.06 002 - 0.0 1

NGC 4038 S5 Sc —21.40 0.01 0.08 0.04 1,5

NGC 4039 S6 Sc —1943 0.0l 0.04 0.04 5

NGC4192 S3 Sb -2185 0.0 0.49 0.0 1, 4

NGC 4254 S4 Sc -21.59 00 - 0.0 1

1C 4296 E5 E 2272 004 - 0.08 IR, 7

NGC 4303 S6 Sc —21.84 0.0 - 0.06 |

NGC432] S5 Sc —-2191 00 - 0.09 1

1C4329A - Sa —21.70  0.03 0.79 0.0 IR, Seyfert 1, 11, 12, 13, 14
NGC 4374 ES E ~21.47 00 - 0.04 !

NGC 4435 E2 S0 —1998 00 - 0.0

NGC 4438 S3 Sb —21.73 00 0.39 0.0 1,4

NGC 4476 E4 E —1862 00 - 0.05

NGC 4486 El E —2208 00 - 0.0 1,2

NGC 4501 S3 Sc —2193 0.0 0.18 0.02 1,4

NGC4507 S3 Sb —2196  0.05 - 0.06 Seyfert 2, 6
NGC 4535 S7 Sc —2158 00 0.19 0.06 1

NGC 4536 S5 Sc —2215 00 0.23 0.02 1

NGC 4548 S2 Sb —2127 00 - 0.09 1

NGC 4569 S7 Sb —-2231 00 0.19 0.10 1,4

NGC 4579 S3 Sb —21.69 00 - 0.04 1,4

NGC 4594 ST Sb —2281 00 0.04 0.0 1,2,3,4

NGC 4856 S2 Sa —2022 00! 0.01 0.02 IR

1C 4889 ES SO —21.36 003 - 0.0 IR, 1,7
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Table 1 (continued)

0] )] () @ (3) (6) U] t)]

Object Template  Mtype M, EB-V)g EB-V)i EB-V)p Comments
NGC4936«  ES E -2165 003 - 0.02 IR

NGC 4941 S4 Sb -20.07 0.0 0.26 00 Seyfert 2, 3
NGC 4958 E2 SO -2063 00 - 0.06 IR

NGC 4981 S4 Sc -2091 0.0 - 0.04

NGC 5064 S3 Sa -2227 0.10 0.22 0.0 IR, 1

NGC 5090 El E -21.37 0.07 - 0.06 1,7
NGCS101«  S2 \ =2106 002 - 008 IR, 1

NGC 5102 E8 SO —18.73 0.04 - 0.04 IR, 7
NGCS156 4 S ~2149 ol . 025 1

NGC 5236 $7 Se =202 003 - 00 IR, 1

NGC 5248 SS Sc =21.19 00 - 0.04 1,3

NGC 5253 - Am —1820 0.03 - 0.0 IR, IS
NGCS266+  ES S0 ~2192 0.0 - 002 IR, 1,7

1C 35267 82 Sa =283 00 - 0.04 |

1('532§ S6 Se -2030 00 - 00

NGC 5612 S3 Sb -21.65 0.08 0.17 0.0 IR, !

NGC 5643 S3 Sc -21.20 0.09 - 0.0 IR, Seyfert 2, 1, 6, 14
NGCE1S 86 S 2133 017 . 00 l

NGC6221 - S6/S7 Sc —21.55 0.16 0.27 0.0 Seyfert 2, 1, 14
NGC 6300 S4 Sb —21.32 0.10 0.26 0.02 Seyfert 2,1, 6
NGC 6699 S5 Sc —2191 0.05 - 0.04 IR

NGC 6744 S3 Sc —21.98 0.04 0.11 0.05 IR, 1

NGC 6758 ES E -21.62 0.04 - 0.10 IR, 7

NGC 6776 ES E -22.38 0.04 - 0.0 IR, 7

NGC 6782 S5 Sb —22.57 0.04 0.01 0.06 IR

NGC 6861 ES SO —21.77 0.03 - 0.10 IR, 1,7
NGC 6868« ES SO -2192 0.03 - 0.10 IR, 1,7

NGC 6923 S3 Sc —21.61 0.02 0.20 0.02 IR, 1

NGC 6925 S3 Sc —22.37 0.02 0.20 0.0 IR, !

NGC 6942 S3 Sa —20.94 0.02 0.11 0.0 IR

NGC 7049 St Sa -21.57 0.01 - 0.15 IR, 1,7
NGC 7083 S4 Sb -22.81 0.02 - 0.0 1

NGC 7205 S4 Sb —-2148 0.01 0.01 0.04 1

NGC7213 S2 Sa —21.96 0.0 - 0.0 Seyfert like, 1,7
NGC 7329 S1 Sc —22.08 0.01 0.09 0.02 IR

NGC 7392 S5 Sc —-21.73 0.0 0.16 0.04

NGC 7410 S1 Sa —2240 0.0 0.05 0.10 1

NGC 7469 - Sb —23.10 0.01 0.02 0.0 Seyfert 1, 13, 14
NGC749  S6/S7 Sc  —2089 00 - 0.0 Seyfert 2
NGC 17552 S7 Sc -2149 0.0 0.18 0.0 1

NGC 7582 S6/S7 Sb -21.75 0.0 045 0.0 Seyfert 2, 1

Notes to Table 1: Column (1): * in addition to the E(B — V) corrections indicated here, the following spectra had supplementary
corrections when the spectral groups were defined in Bica (1988): NGC986, E(B — V) = 0.17, NGC 2442, E(B — V) = 0.25;
NGC 4936, E(B — V) = 0.16; NGC4981, E(B — V)= 0.17; NGC5101, E(B — V) = 0.07, NGC5266, E(B — V)= 0.15; and
NGC 6868, E(B — V) = 0.09. These additional corrections could be assigned to one or more of the following reasons: a) an
atypical dust lane possibly associated with the nucleus; b) the galaxy disc is more inclined than suggested by axial ratio
(asymmetries); c) an uncertain cosec law owing to small |b|. Column (2): The mixtures of templates are: NGC 6221: (0.556) +
(0.587), NGC 7496: (0.3 S6) + (0.7S7), NGC 7582: (0.35S6) + (0.65S7). Column (5): Galactic reddening along the line of sight.
Column (6): Reddening due to inclination in spiral galaxies. Column (7): Residual intrinsic reddening. Column (8): Galaxies for
which a near-infrared spectrum is available are indicated with IR.

References: (1) Véron-Cetty and Véron, 1986; (2) Heckman, 1980b; (3) Stauffer, 1982b; (4) Keel, 1983; (5) Keel et al., 1985; (6)
Phillips et al., 1983; (7) Phillips et al., 1986; (8) Testor and Pakull, 1985; (9) Mathis et al., 1985; (10) Dufour and Harlow, 1977,
(11) Pastoriza, 1979; (12) Wilson and Penston, 1979; (13)Martin, 1974; (14) Morris and Ward, 1988; (15) Welch, 1970.
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Fig. 2a and b. Subtraction of the population template in the Ha, [Nn],
[Su] region. Same display as in Fig. 1. a Ha is so strong thal the popula-
tion subtraction cflect is minor. b The subtraction is fundamental. Units
as in Fig, 1

inently than [Nu]46584. Finally, Fig. 3 depicts the impor-
tance of this procedure in the [O1] 46300 region, where the TiO
band often disturbs the line measurement. Examples of popula-
tion subtraction for the entire spectrum from 3700 to 9700 A can
be seen in Bica (1988).

4. Line measurements and comparison with previous studies
4.1. Method and results

The measurement of emission line intensities was carried out on
the pure emission component, as obtained in Sect. 3. We have
used gaussian fitting in all cases, which also allowed us to de-
blend composite profiles. We show in Table 2 the results for
normal H 1 regions and for the nuclei of the amorphous galaxies
NGC 625 and NGC 5253. In Table 3 we have grouped Seyfert-
like galaxies and the strong-lined nuclear Hu region in
NGC 5236. In Table 4 we present the results for the narrow line
region in Seyfert | nuclei. Finally, we group in Table 5 the
remaining galaxies with a weaker emission component. In all
tables the intensities are normalized to I(Ha) = 100. The relative
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importance of the emission component with respect to the stellar
population non-subtracted spectrum is given by the equivalent
width of He. In fact, we defined W¥(Ha) as the ratio of /(Ha),
the emission in the population subtracted spectrum, to F (5870 A)
in the original spectrum.

The near-infrarcd spectrum also covers the Hx + [Nn] +
[Su] region. The agreement between line measurements from
IDS and CCD spectra was in general excellent, so we only present
the average values in the tables. As a comparison we show cx-
plicitly both measurements for some galaxies (c.g. NGC 5236).
In one case however, NGC 2997, the diffcrence is considerable
(Table 5). We assign this difference to a strong spatial depen-
dence of the emission spectrum in the central region of 1his
galaxy. A cross attached to the object’s identification in Tubles 2
to 5 indicates that the results are from CCI spectra. In Tables
3 and 4 containing objects where broad lines are also present.
we consider the narrow component n of Ha as the reference
line. In all cases we use the theoretical intensity ratios
[Om]45007/[Om] 14959 =298 and [Nu]i6584/[Nu]i

(D60 Z37 2 @ Convraint in (he dendc. Wo only [ e

strongest component in the tables. The [Su| fines in some cases

could not be deblended, then a tilda has been put in the 26717
column while the total flux is given in the 416731 column. Ex-
amples of the deblending procedure are given for different lines
with various levels of intensity in Figs. 4 to 8. Notice that the
vertical units are defined in terms of F (5870A) = 10 for the
composite stellar plus emission spectra, allowing a direct
comparison of galaxies among the figures.

The model template for each galaxy had been previously
established according to the spectral groups in Bica (1988). We
have determined the underlying template population for Seyfert
nuclei (Table I) from the equivalent widths of strong absorption
lines and guided by the most probable population according to
the morphological type of the host galaxy (Bica, 1988). Out of
eight nuclei indicated as Seyfert 2 or Seyfert-like in Column 8 of
Table 1, three have a blue underlying stellar population and
five have red template populations. For all these objects it
was not necessary to include a power-law in addition to the stel-
lar population to reproduce the observed continuum, in the

T T T T T

NGC 4438 1

I Retative flux

10.6

8.2 r W\/\/w\v\)[ b

7.0

6100 6200 6300 6400 X (A) 6500
Fig. 3. Subtraction of the population template in the [01] 46300 region.
Same display as in Fig. 1. The TiO band must, as a rule, be taken into
account. Units as in Fig, 1
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Table 2. Emission-line intensities for Hu regions and amorphous galaxies

(1) 2) () 4) ) (6) (7) (8)
N 38 N625 NI1714  NI1895 N2070 N5253  N5253+
W*(Ha) 1228 1213 1303 588.7 1455 595 685
[On]i3727 57 873 24.6 513 61.3 36.5 -
[Nem] 43869 9.1 11.0 37 438 4.0 8.1 -
H8 + He113888 24 6.7 42 - 20 23 -
[Nem] 413968 54 10.2 48 - 28 51 -
He144026 02 - 0.6 - - - -~
H§ 4.5 6.6 4.7 438 32 4.1 -
H- 99 159 10.5 13.1 14 10.3 -
[Om] /4363 28 21 L5 - L1 L7 -
He1i44M 10 1.6 L1 - 0.6 1.3 -
Hp 278 3038 29.6 282 2.6 246 -
[0 m] 45007 1918 1439 1217 840 1143 1398 -
He145876 33 4.1 32 35 3.0 34 -
[O I] 46300 0.2 0.5 04 - 0.1 0.6 -~
[Sm]16312 0.7 06 05 - 05 08 -
Ha 100.0 100.0 100.0 100.0 100.0 100.0 100.0
[Nu]i6584 54 75 4.0 9.0 4.5 8.9 10.5
He146678 1.0 1.0 1.0 0.6 1.3 1.3 1.5
[Suli6717 0.8 4.5 1.8 4.3 2.2 5.4 7.1
[Su]i6731 1.1 3.6 1.7 29 22 4.7 6.1
He 147065 3.3 0.9 1.0 - 0.9 1.5 2.0
[Arur] 27135 3.0 4.6 4.2 3.8 3.9 4.0 5.7
He147280 0.2 - 0.2 - - 0.3 0.3
[Ou]47319 0.8 09 - - 0.5 1.5 1.4
[On] 47330 0.8 1.0 09 - 0.6 0.7 1.2
[Armi] 47751 07 - 09 - 1.0 0.9 1.5
[S 1] 49069 - - 10.5 9.7 - - 137
[St] 19532 - - 30.1 20.2 - - 28.2

Notes to Table 2: N88 is Henize 88, other N numbers correspond to NGC numbers: W*(Hx) in A:
the CCD spectrum of NGC 5253 is indicaled by a cross; [O u]) 43723 line intensitics for N'88 and
NGC 2070 are respectively from Testor and Pakull (1985) and Mathis et al. (1983).

3700-9600 A range. For NGC 7213 however, when data in the
near-UV is added, there is evidence for a power-law continuum
contribution (Halpern and Filippenko, 1984). For the three
Seyfert 1 nuclei in Table 1, a non-thermal contribution is impor-
tant. The choice of the underlying stellar population model
becomes extremely uncertain. But using for NGC 3783 and
NGC 7469 absorption lines in the visible and for IC4329A
additional information from the near-infrared range, we found
that a red population is suitable and thus we have adopted
template S2. The resulting contributions from the stellar com-
ponent at 158704 are: (45 + 15)%, (50 + 15)% and (30 + 10)%
for, respectively, NGC 3783, NGC 7469 and IC 4329 A. We illus-
trate this result for the near-infrared region in IC 4329 A (Fig. 9).
Notice the Can triplet from the stellar population superimposed
on strong emission features which could be assigned to Ca in
emission and/or to blended high order broad hydrogen Paschen
lines as well as permitted neutral oxygen.

4.2. Comparison with previous studies

In view of such comparisons, we provide in Column 9 of Table
I a non-exhaustive list of references corresponding to previous

emission line studies for galaxies in our sample. Although many
objects have been observed already, the data differ through the
instrumentation, the spectral resolution and range, as well as
through the processing (reddening correction, stellar population
subtraction, line deblending .. .). In the following analysis, we
have excluded Seyfert1 nuclei owing to possible intrinsic line
variations.

We compare in Fig. 10 line ratios from our data to those
obtained by Keel (1983) and Keel et al. (1985) for objects in
common: 10 galaxies at low or moderate emission level (0.9 A <
W*(Ha) < 9A) and 2 objects with W*(Ha) ~ 70A. We compare
line ratios which are essentially reddening independent. The
line-ratios [N1A6584/Ha (Fig. 10a) agree within 20% and
other-line ratios show an equally good agreement (Fig. 10b) but
for 2 departing points in the case of [Su]/He, a line-ratio
which may be quite dependent on the slit position. The good
correlations observed even for weak lines certainly reflect the fact
that in both studies, stellar populations have been subtracted,
although, Keel had derived population templates using a stellar
library.

We confront in Fig. 11, our results to those by Phillips et al.
(1986) for common galaxies. The latter study is restricted to the
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Table 3. Emission-line intensities for Seyfert 2 and other strong-lined galaxies

(1) (2) (3) 4) (%) (6) (7) ®) ) (10) (11) (12)
N4507 N4%4l Ns236 NS236+ N5643 NS643+ N621 N6300 N7213 N749% N 758
W*(Ha)n 520 154 411 450 338 339 80.4 5.1 15.0 76.8 64.4
[0n]i31271 643 - 123 - 60.7 - 221 1835 258 29.1 31.2
[Nem]13869 280 - - - 357 - 9.7 - - - 114
[New]13968 134 - 90 - 50 - - - - - 104
[Su]A4072 44 - - - - - - - 83 - -
HJ 3 - 92 - - - 1 - 117 8.2 11.8
Iy 15.1 274 58 - 84 - o - 222 89 16.1
[Om] 14363 68 - - ~ 34 - - 89 -
Hen /4686 18 - - - 53 - - - - - 4.1
(HB)n 37 293 298 - 160 - 236 183 161 211 218
(Hp)b - - - - - - 90 - 1178 - -
[Om]4i5007 2852 2710 53 - 419 - 161 2974 677 18.8 64.7
[N1]15198 22 - - - 89 - - - - - -
He 145876 59 - - - - - - - - 61 -
[01]46300 16.1 2711 - - 183 - 2.5 486 538 7.7 2.7
[01]46364 64 - - ~ 75 - 08 - 143 - -
[fexiody 19 - - - - - - - - - -
(Ha)n 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000  100.0
(Hz)b 855 - - - - - 354 - 3179 - -
[Nujiess4 424 1500 499 48.5 1003 1130 529 1969 275 46.2 69.1
He 146678 84 - - - - - - - - - -
[Su]26717 19.7 352 10.5 117 312 349 103 45.4 132 150 12.1
[Su] 46731 26.8 36.9 10.9 11.8 333 34.2 124 51.2 1.5 12.1 15.3
[Arm] 27135 7.3 - - - - 8.6 - - - - -
[(0]im319 - - - - - 28 - - 132 - -
(O] 47330 99 - - - - 46 - - - - -
[Arwm]27751 - - - - - 1.7 - - - - -
[Su]29069 - - - 5.8 - 26.3 - - - - -
[Suw] 79532 - - - 13.8 - 65.5 - - - - -

Notes to Table 3: N numbers stand for NGC numbers. W*(Ha) as in Table 2. CCD spectra are indicated by crosses. The line inten-

sities are relative to the narrow component of Ha.

Ha, [N 1] region and we find an agreement better than 25%. This
comparison is particularly important because it includes mea-
surements reaching down a detection level as low as W*(Ha) ~
0.5A and with a maximum value of 2.5 A. Phillips et al. (1986)
had also subtracted a stellar population.

We compare in Fig. 12, our line measurements to those
derived by Véron-Cetty and Véron (1986). We have many objects
in common (Table 1). However, most of their line intensities
must be considered as lower limits as they have not subtracted
the underlying stetlar population. We have displayed in Fig. 12
only measures which are not lower limits in their study: con-
sequently we are left with strong-lined nuclei and/or the strong
lines in low-level emission nuclei (W*(Ha) > 3A). The agree-
ment is in general better than 30%; a large part of the scatter
may be due to the stellar population contamination in their
data. Remember from Figs. 1 to 3, the importance of using
the appropriate population model if one wishes to disentangle
the emission and absorption Hf components or access weak
lines which otherwise are drowned in the underlying stellar
population.

Last, a comparison is shown in Fig. 13 with data by Morris

and Ward (1988), excluding Seyfert 1 nuclei. The objects in com-
mon are the strong-lined objects NGC 5643 and NGC 6221
(W*(Ha) > 30A). This comparison is important because their
data are of high quality throughout the whole optical range
(IPCS and CCD detectors). They do not subtract the stellar pop-
ulation but its effect should be minor as the emission component
largely dominates for galaxies in this sample. They also do not
deblend the lines, so we have merged out Hx and [N 1] line mea-
surements and have used this as a normalization. Tn order to
test the instrumental response calibration, we compare lines over
the entire spectral range and have had to apply to Morris and
Ward’s data the same reddening corrections as to ours. In the
case of strong lines the agrecment is better than 5%,. For wcak
lines it is in the 10 to 20% range, possibly degraded by some
residual stellar population contamination in their data or by a
larger error on the instrumental response at [On] 23727 in
IDS data.

Overall, these confrontations are satisfactory and demon-
strate that such line measurements can be trusted within an
accuracy of 20%,. Let us now turn to the analysis of the physical
properties of the gas in galaxies from our sample.
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Table 4. Emission-line intensities for Seyfert 1 galaxies. Same conventions as in Table 3

M ) 3 &) ¢ M ) ) @ 5)
NGC3783 IC4329A IC4329A+ NGC7469 NGC3783 IC4329A 1C4329A+ NGC7469

W*Ha)n 822 15.6 20.5 41.1 (He115876)b 40.6 2089 - 43.7
(0143727 144 - - 3.1 [Fevi] 16087 90 T 6.6
[Nem] 43869 86.6 - - - {O1]16300 8.1 - 10.6 1.7
[Nem] 23968 334 - - 1.7 [O1]16364 27 - 35 50
Hé 61.3 81.4 - 285 [Fex] 46375 4.6 - 40 -

(Hn 19.6 40.1 - 10.6 {Ha)n 100.0 100.0 100.0 1000
(I, n Ys.3 191.5 20.1 (Ha)i §45.2 1774.4 1424.2 379.0
{1iyh 20.9 (Ha)b 200.4 836.8 S04.0 295.5
[Ou] 44363 5.0 35.4 0.7 [N1}io6584 117 167 17.6 S8.0
Hen 24686 10.6 - 7.7 [Suliemi? 13 135 A
(Hfim 42 16.4 16.0 [Su]46731 0.8 123 16.3
{Hf 2035 2871 - 76.2 (He147065n 34 34

{Hfb 153.2 2629 - 120.1 (He147065)b 194 - 18.6

[Ou]is007 1881 %l - 97 [Aen]A7135 76 - 9 -
[Om]45007b 528 - - 49.1 {Ou]A7319 8.2 - 20 -
[Fexiv] 45303 8.5 - - - [Ou]A7330 - - 27 -
[Fevi]i5721 4.6 - - 74 [Sm] 29069 - - 17.2 -
(He115876)n 7.7 62.0 - 8.9 [S mJ 49532 - - 42.1 -
Table S. Emission-line intensities for weak-lined galaxies. Same conventions as in Table 3
() 2 3 4 ©) (6) Y (®) ) 10) (11 (12)
Object W*Ha) [On] Hé Hy Hp [Om] [O1] Ha [Nu] [Su]é671t7 [Su]6731
NGC 289 7.5 - - - - - ~ 100 723 ~ 424
NGC 692 4.4 - B - - - - 100 139.2 ~ 48.4
NGC772 1.5 - - - - - - 100 112.7 90.3 72.5
NGC 908 1.7 - - - - - - 100 55.8 - ~
NGC986 52.5 - - 14.7 24.5 4.7 - 100 50.5 10.2 9.9
NGC 1084 18.4 - B - 132 - - 100 40.4 17.0 20.2
NGC 1316 1.3 - - - - - ~ 100 161.4 ~ 1353
NGC 1353 4.3 - - - 445 - - 100 70.2 - -
NGC 1371 22 - - - - - - 100 94.1 ~ 134.4
NGC 1380 1.4 - - - - - ~ 100 73.0 - -
NGC 1400 1.5 - - - - - - 100 93.5 - -

IC 1459 2.6 149.9 - - 54.5 113.6 - 100 246.5 65.9 52.1
NGC 1553 0.5 - - - - - - 100 304.6 - -
NGC 1637 32.6 - - - 10.2 - - 100 69.3 152 21.3
NGC 2442 38 - - - - 334 - 100 186.9 70.1 67.0
NGC 2903 279 - 9.4 20.5 270 - - 100 42.7 123 12.5
NGC 2997 11.8 - - ~ 220 - - 100 39.8 ~ 16.8
NGC 2997 3.6 - - - - - - 100 251.0 46.1 46.4
NGC 3054 0.5 - - - - - - 100 266.9 1322 873
NGC 3056 32 - - - - - ~ 100 47.6 394 38.0
NGC 3351 14.0 - - - 212 - - 100 39.7 ~ 25.4
NGC 3358 1.3 - - - - - - 100 150.7 38.0 379
NGC 3368 1.4 - - - ~ - - 100 176.9 ~ 143.6
NGC 3623 20 - - - - - - 100 120.2 ~ 57.0
NGC3627 0.9 - - - - 158.7 - 100 308.0 ~ 268.6




Table § (continued)

(1) (2) (3) 4 (9 (6) (7) (3) % 10) (1) (12)

Object W*Hz)  [Ou] Hé  Hy Hf  [Om] [0 Ha  [Nu] [Sul6717  [Su]67.
NGC 3887 74 - - - - - - 100 582 215 220
NGC 4027 20.0 - - - 237 - - 100 39.9 17.7 16.8
NGC4038 57.6 115 4.7 8.1 233 54 23 100 45.6 18.9 12.7
NGC4039 88.3 460 - 73261 21.8 6.8 100 41.5 213 175
NGC4192 5.1 1146 - - - - - 100 834 36.5 36.6
NGC 4254 8.7 - - - 243 12.8 100 57.6 N 292
1C 4296 11 - - - - - - 100 176.0 459 542
NGC 4303 148 179 - - 17.6 15.2 6.1 100 63.6 ~ M
NGC4321 8.6 256 - - 15.6 Tl - 100 84.8 ~ 430
NGC4374 20 - - - - - - 10 1178 ~ ARN
NGC4435 20 - - - - - - 100 596  ~ 559
NGC 4438 9.1 810 - - 224 357 164 100 1410 63.6 51.4
NGC4476 19 - - - - - - 100 90 - -
NGC 4486 6.7 728 - 197 251 36.1 - 100 1388 50.0 338
NGC 4501 32 - - - - s - 100  158.1 48.8 415
NOCAS)y 117 - S 11/ I 1 I - 18w ns 107
NGC 4536 38.8 29 - 53 172 8.5 3.3 100 42.1 19.0 13.3
NGC 4548 26 - - - - - - 100 95.6 324 364
NGC 4569 6.8 1399 - - 226 233 - 100 1048 26.1 280
NGC 4579 4.1 779 - - 55.1 513 49.2 100 2873  ~ 183.6
NGC4594 1.5 - - - - - - 100 2816 50.4 57.9
NGC 4856 29 - - - - - - 100 515 254 30.5
1C4889 0.6 - - - - - - 100 3256 - -
NGC4936 38 1950 - - - - - 100 1105 59.8 45.1
NGC 4958 0.8 - - - - - - 100  189.0 45.5 61.1
NGC 4981 10.0 - - - 163 - - 100 48.3 184 - 163
NGC 5064 22 - - - - - - 100 1051  ~ 46.1
NGC 5090 22 - - - - ~ - 100 1044 - -
NGC 5101 2.0 - - - 452 1626 - 100  184.6 56.3 46.2
NGC 5102 0.6 - - - - - - 100 843  ~ 207.6
NGC 5156 24 - - - - - - 100  126.7 30.2 352
NGC 5248 6.1 - - - - - - 100 69.2 ~ 26.6
NGC 5266 2.6 2350 - - - - - 100 2023 87.3 90.6
I1C 5267 2.3 - - - - - - 100 1330 ~ 134.6
IC 5325 8.5 - - - - - - 100 70.7 30.2 272
NGC 5612 1.0 - - - - - - 100 2149 399 426
NGC6215 52.8 78 - 31 165 50 - 100 42.8 15.3 11.0
NGC 6699 5.6 - - - - - - 100 58.4 10.6 7.3
NGC 6744 1.6 - - - ~ - - 100 1256 36.8 30.8
NGC6758 1.5 - - - - - - 100 103.2 49.3 434
NGC 6776 1.2 - - - - - - 100 2267 93.1 922
NGC 6782 5.4 - - - - - - 100 63.6 21.0 229
NGC 6861 22 - - - - - - 100 746 - -
NGC 6868 23 - - - 327 399 - 100 2531 71.3 69.9
NGC 6923 1.0 - - - - - - 100 2199 56.7 59.1
NGC 6925 1.0 - - - - - - 100 1757 74.3 53.5
NGC 6942 14 - - - - - - 100 1915 46.3 50.7
NGC 7049 1.6 - - - - - - 100  176.6 289 27.1
NGC 7083 25 - - - - - - 100 1280 - -
NGC 7205 4.2 - - - - - - 100 522 - -
NGC7329 1.1 - - - - - - 100 225.1 71.1 67.1
NGC 7392 6.0 - ~ - - - - 100 698  ~ 58.2
NGC7410 24 2147 - - - 95.2 - 100 156.1 ~ 103.1
NGC 7552 439 1.9 50 74 204 36 - 100 62.3 11.8 1.9

Note to Table 5: A tilde in column 11 is given when it was not possible to deblend the [Su]i46717, 31 pair
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Fig. da—c. The deblending in the He, [Nu], [S1] region for different
emission levels and relative intensities. Units as in F ig. 1

5. Physical properties of the gas in a sample of 92 galaxies
5.1. The [Nu]/Ha line ratio: metallicity or excitation effect?

We study the properties of the emission component with respect
to the host galaxy morphological type and underlying population
using the [N 1] 16584 line which is observed in all objects from
our sample. We show in Fig. 14a, [N u]/Ha histograms for the
galaxies separated according to morphological types and in Fig.
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Fig. 5a—c. The gaussian fits in the HB, [O ni] region for different emis-

sion levels and relative intensities. Units as in Fig. 1

14b, comparative histograms for amorphous galaxies, H 11 regions
and Seyfert galaxies. We conclude that for all morphological
types there is a wide range of values of the [N u]/Ha line ratio.
We have displayed in Fig. 15 the same line ratio in galaxies
separated according to their underlying mode! population
template. For the underlying populations S1, S2, E1, E2 and E5
which correspond to an equally high metallicity (Bica, 1988), the
range of [Nu]/Ha values is still broad. We recall that in this
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series of papers, (Z/Z ] stands for the global metallicity which is
mainly represented by the iron-peak elements. As the metallicity
is essentially the same in these objects we conclude that there is
a wide range in excitation among them. A solar or slightly above
solar metallicity is encountered in groups S3, $4, S5, S6 and S7.
The [N u]/Ha line ratio in objects with underlying populations
S3, 84, shows as well a wide range in excitation. However for
groups S5, S6 and S7 this ratio is systematically shifted towards
lower values (higher excitation) as is the case for the H1 regions
in Fig. 14b. In fact, the stellar populations in groups S5 to S7
are considerably bluer than in groups S1 to S4 and their popu-
fation synthesis indeed requires very young components (Bica,
1988). Groups E4 and E8 correspond to low luminosity metal
poor stellar populations (Bica, 1988) and the low [N 11]/Ha values
encountered in objects with such underlying populations could
be assigned to both excitation and low metallicity.

It can also be concluded from the comparison between Figs.
14a and 15 that the underlying population in the nuclear region
bears more relationship to the gas component than the mor-
phological type of the host galaxy does.

The [Su] 426717, 31 lines are measured for 88% of the objects
in our sample (Tables 2 to 5). We show in Fig. 16 the relation-
ship between line ratios [S n]/Ha and [N n1}/Ha. There is a good
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Fig. 7a and b. The gaussian fits in the [O1], [Fe x] region. Units as in
Fig. 1
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correlation, thus suggesting that the above conclusions for [N 11]
are also valid for the [S11] lines. However some scatter is present
which could arise from a different dependence of one of the ions
on metallicity or excitation (Phillips et al,, 1986). Indeed, therc
is observational cvidence that cxcitation can explain much of the
enhancement of the [N 11]/Ha ratio in spiral nuclei (Pagel, 1983).

We show in Figs. 17a and 17b respectively the [N 11)/Ha and
[Su)/Ha line ratios vs total galaxy magnitude M,. The SMC
and LMCHu regions have been included as well. There is a
trend with M, although at constant high luminosity there is a
considerably scatter in the line ratios.

In Figs. 18a and 18b the same line ratios arc plotted against
the sum of the equivalent widths of the best metallicity indicators
in the visible spectrum, CN 44200 and (Mgl + MgH)A5175,
whenever available (BA 87a). Again, objects with a high metallic
content exhibit a large spread of their [N1]/Ha and [Su]/Ha
line ratios. Finally, we show in Figs. 192 and 19b, the same line
ratios against the maximum metallicity attained in the stellar
population according to population synthesis models of Bica
(1988). Thus we are testing the gas line ratios directly against the
metallicity of the most recent generation of stars in the galaxy
nuclei. For the LMC and SMC we have adopted the average
metallicity attained in the Hu region sample [Z/Z,] = —0.5
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for reddening; b template population; ¢ subtracted spectrum. See Sect.
4.1 for detail

and [Z/Z 5] = —0.9 respectively (Bica et al., 1986). It is obvious
that the dispersion among metal-rich galaxies persists indicating
that another parameter, excitation, plays an important role then.
Nevertheless, Fig. 19 also indicates that metallicity is important
as well. According to Figs. 17 to 19, the [Nu]/Ha line ratio
correlates better with metallicity indicators than [Su]/Ha does,
suggesting that nitrogen is indeed more closely related to the
global metallicity than sulphur.

3.2. Reddening in the line-emitting regions

All reddening sources extrinsic to the line-emitting regions have
been taken into account (Sect. 3). It should be noted that none
of these corrections is based upon the Ha/Hp line ratio. They
were estimated according to the object’s Galactic latitude |b], the
stetlar population absorption lines and the stellar population
continuum distribution (Table 1).

The Hf gaseous emission component is very often critically
entangled with the stellar absorption component. The stellar

population subtraction with a proper model template has, how-

ever, provided reliable measurements of Hf in emission (Tables
210 5). So we have now 43 objects in our sample with Hp and
Ha line measurements corresponding to the pure emission com-
ponent, as it would appear to an observer located just outside

the 1onized gas regions. We provide in Fig. 20 an histogram of
the observed line ratio Ha/Hf and the corresponding E(B — V)
values assuming the recombination theory B case. We have di-
vided our sample into E to Sb (Fig. 20a) and Sc (Fig. 20b) galaxics.
The former group contains mostly classical LINERS and the
latter mostly Hu region nuclei (Heckman, 1980a,b). Both sub-
samples exhibit a Ha/Hf peak around the value 4.2, indicating

that a typical value of the color excess is E(B — V) = 0.35. Some
of the values in Fig. 20a fall below the dereddened value 2.86:
they correspond to objects with an emission component so weak
with respect to the stellar population that the error bar on Hf

18 then certainly larger than for the rest of the sample.
As a comparison we show in Figs. 20c and 20d respectively
the same quantity for the Hui region and for the Seyfert samples.

The H 1t regions are clearly peaked around Ha/Hf = 4.2. Con.

Ut A 1 St cubople e emal e dblion

compatible with the rest of the objects. The complete histogram
(Fig. 20) is highly peaked around the value 4.0 and thus we con-
clude that when all foreground sources of reddening arc properly
taken into account, the dust to gas ratio within the linc-cmilting
regions of such a wide varicty of objects is remarkably uniform.

We cannot perform any detailed line profile study in the case
of Seyfert 1 nuclei, owing to the Jow speciral resotution of our
data. However, the gaussian fitting procedure required at least
three components for each of the Balmer lines (112, Hf and 112,
We show in Tuable 6 the derived Hx/Hp ratios for cach compo-
nent. At least for lhe present objects there is a tendency towards
smaller Ho/Hp ratios for the broad component (BLR). Assuming
the recombination theory B case, this would imply a smaller
dust/gas ratio in the BLR than in the NLR. However the high
density regime in the BLR is known to significantly lower the
Balmer decrement (e.g. Canfield and Puetter, 1981).

5.3. Electron density in the line emitting region

For 65 objects it was possible to deblend the [Su] 116717, 31
pair (Tables 2 to 5). Assuming a mean electron temperature

= 10000 K, we can estimate the electron densities for the line
emitting region in our sample (McCall, 1984). We show in Fig.
21, the line ratio [S1u} 16717/[S1] 26731 histograms for different
classes of objects and the corresponding electron densities. We
show respectively in Fig. 21a galaxies of morphological types
from E to Sb; in Fig. 21b, Sc galaxies; and for comparison in
Fig. 21c, the amorphous nuclei and normal H 11 regions; finally
in Fig. 21d, Seyfert nuclei. The distributions are peaked around
N, =610%cm™3. They are in general asymmetric with a steeper
slope towards the high density limit (HDL), as the [Su] lines
then get collisionally de-excited.

3. Grouping low-level emission galaxy nuclei to access weak lines:
a clue to their ionization mechanism

6.1. Rationale of the grouping method

Shock models were early proposed to account for the excitation
in LINERS (Koski and Osterbrock, 1976). But later, alternatives
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6.3. Discussion

For our galaxy classes A, B, and C, in order of decreasing emis-
sion level, we present in Fig. 22 the Hp, [OI1I] and [0 1] 46300,
Ha, [N II], [SII] regions from IDS spectra, and in Fig. 23, the
[S11] and [S111] 29532 regions from CCD spectra.

The characteristic emission spectrum of class A objects cor-
responds to nuclear HII regions as classified by Heckman

(1980a). Indeed, in terms of their underlying population all ob-
jects of class A belong to the S7, S6 and S5 spectral groups for
which a young stellar component is known to be present accord-
ing to the population synthesis in Bica (1988). The average emis-
sion spectrum of class B objects is that of classical LINERS
(Heckman, 1980b; Keel, 1983) and indeced strong LINERS like
NGC4579 from Keel's samplc arc included in our galaxy group
B. Objects of class C differ from those of class B in showing a
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slightly lower excitation and a considerably lower emission level:
W¥Ha) = 4.6 A in group B, while W*(Hax) = 1.7 4 in group C.
In groups B and C, the underlying population is largely dom-
inated by a red old component.

For each class we have listed in Table 8 the number of objects
in morphological type and absolute magnitude boxes. Group A
contains mostly Sb and Sc galaxies, while emission-line nuclei
from groups B and C can be found in all morphological galaxy

types. Thus we emphasize that Sc galaxies are not necessarily
associated with nuclear HII regions but may also host classical
LINERS or low-level emission nuclear sources as represented by
the average spectrum of class C objects.

We have deblended and measured the intensity of emission
lines in our three groups as explained in Sect. 4. Results are given
in Table 9, normalized to I(Ha) = 100. The upper line for each
group lists intensities measured from IDS spectra, and the lower



Table 8. Distribution of galaxy types within each class

Group A E SO Sa Sb Sc
Mg< =22 2 2
-2 <Mp< =21 1 15
My > —21 ! 4
Group B E S0 dSa Sb 3¢
My< —22 1 2 1 1
-N<My<2l 1 2 3 4 3
Mg> =21 1 2
Group C E S0 Sa Sb Sc
My< =22 2 1 2 2
“NR<My< =21 4 3 3 4 3
Mg> -21 3 3

one lists those obtained from CCD spectra. We also show in
Column 2 the pure emission value that W*(Ha) would have for
a continuum height corresponding to the stellar population. No-
tice that the offset between W*(Ha) as measured from TDS and
CCD spectra is small considering that the galaxies with CCD
spectra are a subsample of the IDS set. Also, for both samples
the line ratios [NIT]/Ho and [STI]/Ha are compatible. In Col-
umn 13 we provide the Ha/Hp line ratio which indicates that
another faint source of reddening, intrinsic to the line-emitting
region, must be taken into account. Assuming case B recombina-
tion theory for the Balmer decrement, we have calculated the
corresponding color excess E(B — V) which is given in the last
column of Table 9. Table 10 lists dereddencd inlensities nor-
malized to /(Ha) = 100. We recall that the individual spectra
used to build up the average spectrum for each class of objects
had been previously corrected for sources of reddening external
to the line emitting regions, according to the procedure described
in Sect. 3. The reddening internal to the line-emitting regions in
objects of classes A, B and C makes the Ha/Hp line ratio be
around 4 (Table 10), similar to that observed in individual strong-
lined galaxy nuclei (Sect. 5.2). Thus, we find evidence that, on
average, weak-lined and strong-lined galaxy nuclei have a similar
dust content—-in terms of gas/dust ratio-.

Following DPW we have plotted in Fig. 24 the line ratios
[STI]/Ha vs. [STII]/He, and in Fig. 25 [SIT]/[SI] vs. [OII]/
[OTI1] for the characteristic spectra in groups A, B and C. We
have indicated with an arrow, the effect of internal reddening.
We have also displayed whenever possible, values corresponding
to HIT regions, to Scylert-like, Seyfert 2 and the narrow line
region of Seyfert | nuclei. Notice that these points are in fair
agreement with the loci of similar objects in DPT’s analysis. As
expected, the characteristic spectrum for class A objects tends to
look like that of normal HIT regions, although it is less excited.
This lower excitation, as denoted by a lower [OIII]/Hf line
ratio is not necessarily due to higher metallicity. Indeed H II re-
gions in nuclet are spatially very crowded (Sersic and Pastoriza,
1965). The question of HII region evolution has been discussed
hy Copetti et al. (1986). This lower [OII1]/Hf line ratio may

Table 9. Emission line measurements for each class of objects, A, B, and C

8
N

[Sm1]9069 [Sm}9532 Ha/HF EB— V)

[Nu]6584 [Su]6717 [Su_}6731

WxHa) [Ou]3727 HB [Om]S007 [O1]6300 Ha

4.3 0.38

13.1

13.3
13.0 5.6

150
12.6

48.6
53.5

19.1 232 91 3.1 100
100

344

IDS
CCD 289

0.28

39
12.1

42.5
29.2 3.0

579
329

149.9
94.6

258 435 33.1 100
100

71.2

46
40

DS
CCDh

0.53

5.1
7.3

35.1
65.6 3.6

49.0
68.8

136.3
168.1

100
100

198 344 63.7

1.7 <150.1
23

IDS
¢ ‘{CCD

41
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Table 10. Relative line intensities corrected for intrinsic reddening, in the mean spectra corresponding to objects classes A, B and C

[On]3727 Hp [O m] 5007 [O 1]6300 Ha [N 6584 [Su]6717 [S u] 6731 [S w]9069  [S ] 9s32
A IDS 399 349 131 32 100 485 14.6 12.8
CCD 100 533 12.3 12,6 40 9.0
B IDS 1224 348 570 344 100 1495 56.7 416
CCD 100 943 323 285 23 9.2
c IDS <4195 350 574 08.6 100 1356 472 336
CCD 100 1673 66.1 62.7 2.2 43

simply reflect an accumulation of HII regions at different evolu-
tionary stages, dominated by old, less excited H II regions. The

Pact tl-lat a cons:JeraLle Prac{:on or {Lc unJer]y;ng s{e”ar popu]a—

tion ranges at ages from 107 to 3108 yr, particularly in group
S7 (Bica, 1988), indicates that star formation has been occurring
over a long period and suggests that components in the stellar
population have ages distributed between 5106 to 107 yr, corre-
sponding to the late stages of an HII region evolution.

The characteristic spectrum for class C objects is unambig-
uously located in both diagrams in the shock-excited region
with shock velocity in the range 100-200 kms~*. The reddening
arrows show that this conclusion would not be affected by in-
ternal reddening. We would like to stress that this result could
be obtained only because we have considerably lowered the detec-
tion level of faint emission lines by grouping objects and averaging
spectra selected on the basis of their strong emission line charac-
teristics. We have interpreted the relative emission peak at 19532
(Fig. 23) in the average spectra corresponding to groups B and
C as a positive detection of the [SIII] 19532 line. The water
vapour high spatial frequency residuals tend to cancel out in the
average spectrum owing to the different redshifts of the galaxies.
Lower spatial frequency residuals, however tend to remain, like
the depression where this line is located. We think this does not
affect seriously the [STIT] 19532 line measurement, as long as a
local continuum is used: we have also measured the [S IITJ49068
line and find indeed a consistent line intensity ratio (Tables 9
and 10).

The characteristic spectrum for class B objects sits at an in-
termediate position between shock-excited and photoionization
model, nearer to the former, however LINERS in DPW’s sample
fall closer to photoionization models, as NGC 1052 which we
have also plotted in Figs. 24 and 25 using DPT’s data. The se-
quence from C to B and to DPW’s objects plus NGC 1052 is a
sequence of increasing intensity of the emission component re-
lative to the stellar population. The diagrams also show that the
emission line characteristics on average vary along this sequence.

We also used the diagnostic diagrams described in Baldwin,
Phillips and Terlevich (1981, hereafter BTP) in order to check
the consistency of our results. In Fig. 26 we have plotted the line
ratios [N11]26584/Ha vs. [O11]43727/[O1II] 45007 and as
expected the average class A object falls in the area of HII re-
gions whereas class B and class C (upper limit in [OII]13727)
objects are in the shock-excited region. The same conclusion can

be derived from Fig. 27 in which we have displayed the <E>
index as defined in BPT against the line ratio [OII]13727/

(O 0] 15007 1 would be portant b easurs hare passietly

the [O 11713727 line intensity for objects of class C, in order to
refine the diagnostic. The latter two diagnostic diagrams are used
only as a consistency check because recent photoionization mod-
els by Ferland and Netzer (1983) now span the “shock-excited”
locus in Fig. 26 only by varying the chemical-abundance and
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c
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Tmag
| 1 | | [
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log [SII] 9069,9532 /Ha
Fig. 24. Logarithmic plots of line intensity ratios [Su]/Ha versus
[Sm]/He. Theoretical models as in DPW: labels 90 to 1080 represeni
velocities in kms™! of the shock-wave model: -2.00 to -4.00 represent
log (U) for photoionization models: black dots labelled A, B and C refer
to our line-emission classes: an open circle represents NGC 1052
according to DPT; the area delineated by a continuous line contains
H 1 regions (DPW): that delineated by the dashed line DPW’s LINERS
and NLR in Seyfert 1 galaxies; open squares are Hu regions from our
sample; the filled square corresponds to the Hu region nucleus in the
amorphous galaxy NGC5323; open triangles stand for Seyfert-like
galaxies from our sample
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Fig. 25. Same as Fig. 24 but for the line-ratios [Su]/[Sm] vs.

[Ou]/[Om]

tonization parameter. But we would like to stress the fact that
models by Ferland and Netzer (1983) or diagrams in BPT use
line-ratios in the visible region only: these line-ratios are not
sensitive discriminators of the excitation mechanism, in contrary
to [SII] 429069,9532 and [S1I]146717,6731 (DPW, DPT).
As far as we are aware, no attempt has been made, from a theo-
retical point of view, to test whether the shock-excited locus in-
volving [S1I1] lines in Figs. 24and 25 can be spanncd by somc
combination of parameters in photoionization models; it would
be important to test this possibility.

7. Concluding remarks

We have analyzed the emission-line properties of a sample of 92
galaxies after having subtracted appropriate absorption tem-
plates and corrected the spectra for all sources of reddening
extrinsic to the line-emitting regions. Our galaxy sample being
from the Shapley-Ames Catalogue, the observations correspond,
on average, to the central Kpc?. We find that the [N 1] 11 6548,84
lines are slightly more sensitive to metallicity effects than are the
[Su] 446717, 31 lines. However, both lines are very sensitive to
excitation as well. The distribution of the Ha/Hp line ratio as
found in the pure line-emitting regions is peaked around the
same value 4.2 suggesting a similar dust to gas content in these
regions for classes of objects as different as H 1 regions, classical
LINERS, Seyfert 2 and NLR of Seyfert 1 nuclei. The distribution
of the electron density in the line emitting regions of our sample
galaxies is sharply peaked around N, = 6102cm ™3,

In order to push down the detection level for measuring
critical weak emission lines, we have built from a subsample of
76 low-level emission galaxy nuclei, the average spectra cor-
responding to three classes of objects selected through their strong
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Fig. 26. Logarithmic plots of the line intensity ratios [Nu]A6584/Ha
versus [On] 443727, 29/[Om]15007. We have indicated the regions
containing most of BPT’s objects. Symbols as in Fig. 24

emission line characteristics. Class A objects correspond to
nuclear H 1t regions, class B objects represcnt classical LINERS
within an intrinsic luminosity range and class C objects are ex-
tremely low-level emission galaxy nuclei. We have been able to
measure emission lines to an unprecedent wcak levcl, in partic-
ular the [Sm]2449069, 9532 lincs. These results allow to set
constraints on the ionization mechanism at work in cach class of
objects. In particular, we find evidence that in extreme low-level
emission objects of class C, with W*(Hz) < 2A. the emission
line spectrum arises from shock-ionized gas. For higher level
emission objects of classes B und A. photoionization sources
becomce progressively dominant.

[ I T | I 1 T
2~ -
Power ~law : Shock
| photo ionisation ' heating |
1 . ! -
~ fre DN p
E EPlunetarie:s ‘
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Fig. 27. The index (E) as defined in BPT vs. log([O m1] 143727, 29/
[O 1] 25007). Regions and symbols as in Fig. 26
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ABSTRACT

We have made spectrophotometric observations of the nuclear and circumnuclear regions of the Seyfert 1
galaxy NGC 7469, and we analyze the dynamics and structure of the emission-line regions. In the nuclear
region of NGC 7469, we found a broad, an intermediate, and a narrow line-emitting region. The broad lines
(FWHM ~ 7800 km s™*) are formed within a distance R < 0.0 pc from the central source. For the narrow-
line region, there is a large range in electron density and a scheme of ionization structure. The circumnuclear

stellar population consists mostly of very old stars, and at a distance R = 8" from the nucleus, we detected the
presence of hot, young stars. The gas at R ~ 8" is hitrogen overabundant.

Subject headings: galaxies: individual (NGC 7469) — galaxies: nuclei —galaxies: Seyfert

I. INTRODUCTION

NGC 7469 is a spiral galaxy with a total magnitude My =
12.8 and is one of the galaxies with an active nucleus first
studied by Seyfert (1943). For the past few years, several spec-
tral regions of NGC 7469 have been extensively surveyed:
X-rays (Marshall, Warwick, and Pounds 1981), ultraviolet and
optical (De Bruyn and Sargent 1978; Peterson et al. 1982),
infrared (Rieke 1978), and radio (Ulvestad, Wilson, and
Sramek 1981).

Systematic U, B, and V observations show that both the
continuum and the emission lines vary in time scales ranging
from days to years (Lyutyi 1973, 1977, 1979; Penston et al.
1974; Penfold 1979).

Its nuclear spectrum shows broad, very intense, and asym-
metric emission lines (Westin 1984, 1985, hereafter We84 and
We85). The presence of absorption features, notably Ca 1
23933 K, indicates contamination by the stellar population.
The continuum intensity increases blueward, characteristic of a
power-law contribution, with a very conspicuous UV bump. A
circumnuclear ring of star formation was found from high
resolution spectra. Qutside the starlike nucleus, high- and low-
excitation components were found by mapping the brightest
emission lines. Radial expansion is observed for the first com-
ponent, whereas the latter participates only in the galaxy rota-
tion and is photoionized by hot stars (Wilson et al. 1986,
hereafter Wi86).

The aim of this work is to investigate the structure of the
nuclear and neighboring regions of NGC 7469 in terms of their
dynamics and composition by means of the analysis of spectra
in the optical region of NGC 7469.

This paper is structured as follows. In § II, we present the
observations; the continuum, emission lines, and the Kkine-
matics of the nuclear region are analyzed in § II1; in § IV, we
discuss the emission-line regions; stellar population synthesis
and metallicity of the circumnuclear regions are in § V; conclu-
sions arein § V1.

1. OBSERVATIONS

Three spectra of the Seyfert 1 galaxy NGC 7469 were taken
with the two-dimensional photon-counting detector “2D-

' CNPq Fellowship. .
? Visiting Astronomer at Cerro Tololo Inter-American Observatory.

445

FRUTTI " attached to the Cassegrain focus of the 1 m tele-
scope of the CTIO (Cerro Tololo Inter-American Observatory)
on 1986 September 2-5. The slit width was 8”. One spectrum
was obtained positioning the slit on the starlike nucleus and
summing pixel rows corresponding to 15” along the slit; the
other two were extracted summing pixel rows corresponding
to 8” centered at 5” north and 8” south of the nucleus, respec-
tively (Fig. 1). The spectra were reduced using the standard
spectrophotometric program TV-RED and were flux cali-
brated with stars from the catalog “Southern Spectrophoto-
metric Standards”™ of Stone and Baldwin (1983). The final
resolution achieved for these spectra, as estimated from the
comparison lamp lines, is of the order of 300 km s™!
(FWHM = 5 A)around 4 = 5000 A.

The data were corrected for redshift adopting a radial veloc-
ity ¥, = 4626 km s~ ! as measured from the average value cal-
culated for the narrow forbidden emission lines.

The reddening correction was carried out assuming the
interestellar extinction curves given by Seaton (1979) and
applying the expression Fy(2) = F(2)10[0-4EB-VXu)  yhere
X (u) is the extinction function and u = 1/4, with 4 expressed in
Microns. X(u) was expressed as a third-order polynomial fitted
to the points of X(u) given by Nandy et al. (1975). We adopted
a color excess E(B—V) = 0.14 corresponding to the galactic
and internal extinctions to deredden the spectra (We84, We85).

M. THE CONTINUUM AND THE EMISSION LINES

a) The Continuum

The stellar contribution was estimated assuming that the
absorption spectrum observed at 5” north of the nucleus rep-
resents the average stellar population present in the nuclear
region. After subtraction of the emission features from the 5"
north spectrum, the resulting purely absorption spectrum was
scaled to 5% of the nuclear spectrum at 5300 A and then
successively subtracted until the nuclear absorption line Ca 11
A3933 K disappeared. .

A power law (F, oc v~") was fitted to the continuum alread
free of the stellar contribution in the spectral range 2 > 4000
(Fig. 2), and the best result was obtained withn=10+0.2,a
typical value for the nonthermal continuum of Seyfert 1 gal-
axies (Grandi and Phillips 1980; We85; Ferland and
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FIG. 1.—The observed spectra according to the positioning of the slit on the galaxy. South is to the bottom, north is to the top; the intensity scale of the

of-nuclear spectra was multiplied by 2.

)

Osterbrock 1987). In the region A < 4000 A, the observed con-
{nuum CIEZIW ChIOWS an ey0at Bvar fha power-]aw extrapo-

lation. The stellar, nonthermal, and UV-excess contributions
to the observed continuum at three different regions, 3850,
4200, and 5300 A, are listed in Table 1. For A> 4200 A, the
continuum is almost entirely due to the contribution of both
the stellar and nonthermal components, but at 3850 A, this
contribution decreases to 78% and the excess dominates short-
ward of 3850 A.

b) Emission-Line Spectrum

The lines were decomposed using Gaussian profiles by
means of a nonlinear least-squares algorithm described in
Bevington (1969). The convergence criterium was the mini-
mization of the reduced chi-square y2. Using Lorentz profiles
as fitting functions always yielded greater x* than Gaussian
profiles. Due to the very extended wings and intense core, the
H 1 Balmer lines were fitted with three distinct Gaussian com-
ponents each: a narrow one with FWHM = 450 km s™! an
intermediate one with FWHM = 2380 km s~!, and a broad
one for the base with FWHM = 7830 km s~ !. The Gaussian

components used to fit Ha were constrained to aﬂ)ear inthe it

of the other H 1 lines with the same FWHM (km s™!) as the
corresponding component in Ha. [O m] 214959, 5007 and
[Ne m] 123869, 3968 also show broad bases and intense cores
and were fitted with two Gaussians. A blue asymmelry js
observed in the base of the [O 1] 114959, 5007 pair, in oppo-
sition to the red asymmetry of the H 1 lines. The [O mi] lines
have been constrained to the theoretical ratio of 2.9. Figure 3
shows the result of this procedure for the HB + [O m]} region.

We present in Table 2 the intensity (or total flux) 1, the
FWHM, and the emission velocity Vem: the error (o) in the
intensity was estimated according to the noise level around
each line.

The broad components of the H 1 Balmer lines exhibit a high
emission velocity with a mean value of {Vm> = 1017 £ 300
km s~*; the intermediate components of the H 1 lines and the
broad components of [Ne m] 113869, 3968 have Vem> = 260
+75 km s}, whereas the broad components of [O ]
424959, 5007 have a negative emission velocity V., = —150
km s~ The narrow components of all the lines do not show
any appreciable emission velocity.
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FiG. 2.—Power-law (F, «c v~ ') fit to the nuclear continuum of NGC 7469 after the subtraction of the stellar contribution. A suitable constant was added to the

ower-law curve for ease of visualization.
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TABLE 1
Reramivie ConriNuuM CONTRIBUTIONS

Component 3850A 42004 5300 A
Stellar ............ 35 47 50
Nonthermal ...... 43 45 46
UV-Excess ....... 2 8 4

We present in Table 3 the contribution of each component
0 the total luminosity of the Balmer lines. It is interesting to
boint out that the intermediate component contributes about
30% for all the lines.

¢) Kinematics of the Nuclear Region

The turbulence velocity V,, defined as FWHM/1.67, is
lotted in Figure 4 against V,,,, showing a correlation that

uggests the existence of three regions with different kinematic'
roperties. The broad components are formed in a region close
o the central ionizing source with the highest turbulence
elocity (V) = 4690 + 31 km s™!) and with (V) = 1017
t 300 km s™ . In the intermediate-line region (ILR), we mea-
ured (V> = 260 km s~ !. The gas and dust present in the
arrow-line region participate, on average, in the global rota-
ion of the galaxy, as also shown by Wi86.

1V. DISCUSSION

Assuming that lines with similar FWHM values are emitted
y gas with similar conditions, the decomposition of the emis-
ion lines in distinct components can be used to derive physical
arameters for cach emitting region.

a) BLRand ILR

For the broad and intermediate components, the Balmer
ecrement seems to be due mostly to recombination processes.
s for the narrow component, this is also valid only assuming

strong absorption by dust, as shown in Figure 5. This fact
llows one to estimate the BLR radius and the mass of ionized
as in the BLR and ILR (Osterbrock 1978).

NUCLEAR REGION OF NGC 7469

47

Using the result that the HB luminosity comes from recom-
bination and (N,) = 10° cm ~* as a representative value of the
electron density in the BLR (because no forbidden line is
obscrved with FWHM similar to the broad H 1 lines), and
(N,> = 10°-10° cm ™ for the ILR ([Ne m] and [O m] have
FWHM values similar to the intermediate H 1 components),
then 14 < M, /My, < 1400. The mass in the BLR can be
cstimated using Myy = (N, M, + Ny, My, )Ve, and L(Hp) =
N, N,a(HpB)Vehv(Hp). With 97.14 Mpc as the distance of
NGC 7469 (H, = 50 km s~! Mpc™?!), and a normal helium
density Ny, = 0.IN,, we have Mg, 9.2 M, and 130 <
M. < 13,000 M. From the variability of the O 1v 41549 line
(WeBd4, We85) and assuming spherical symmetry, we derive
Reir 262 x 10'® cm, and with the above mass estimate,
€107,

b) NLR
De Robertis and Osterbrock (1984) showed that for many

high-ionization Seyfert nuclei, there exist good correlations
between emission-line width with the ionization potential (IP)
and with the critical density for de-excitation (N_). In Figures 6
and 7, respectively, we plotted FWHM against 1P and FWHM
against log (N,) for the narrow lines. These figures imply that
the NLR of NGC 7469 is formed by a series of clouds of gas,
each of which has a wide range of ionization zones, but in
which the denser clouds are, on average, closer to the central
ionizing source and move with a larger velocity dispersion
than the less dense ones. For the ILR, a strong correlation of
FWHM and log (N,) was found.

For the low-ionization species, the electron density was
obtained using the observed line ratios [S n] A6717/46731,
[S 1) 444068, 76/246717, 31, and [N 1] 146548, 84/A5755
(Table 2), together with the theoretical curves for these line
ratios given by McCall (1984) (Fig. 8), and assuming a canon-

ical electron temperature T, = 10* K ; we found, respectively,

N,=(71£02)x10* em™3, (274+0.2) x 10° cm™3, and
(94 + 14) x 10* cm™~3. Thus, for these ions, the electron
density is in the range 700 < N, < 10°cm 3.

Density has also been derived from the [O m] lines consider-
ing two cases: (a) [O m] 24363 also has a broad component

115.2 +
124,02
S2.08 +
82.2
SQ.G{
58.02
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Flux { 18%q.citetfs
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F16. 3.—Gaussian decomposition of the HB + [O ] profile; two components were used to fit each line of the pair [O m1] 244959, 5007
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TABLE 2
EMISSION-LINE PARAMETERS
FWHM V. 1 FWHM Vo
lon Ao (107 ergsem=2571) ¢ kms™') (kms?) Ion 4o (107" ergs cm~? ) o @&ms™Y) (m )
[on} ... 3127 350 25 912 647 [Newi ...... 4720 21 8 43 174
HY ... 3835 57 20 72 695 [Fem3F ... 4755 20 10 594 106
[Fev] ....... 3851 56 20 13 255 [Fen]2OF .. 4774 21 7 444 63
[Nemji ..... 3869 169 37 1441 207 [Fen)20F .. 4815 26 7 44 120
[Newmln .... 3869 50 14 566 219 Feulo ...... 4826 2 8 463 145
H8 + He1 .. 3889 70 13 563 165 (HpD ........ 486! 638 127 7856 1160
[Fev] ...... 3896 26 PN (') 193 Hp)i ........ 4861 889 38 2375 254
[Nemdi ..... 3969 93 32 1442 364 (Hp)n ........ 4861 208 7 451 128
[Nemn ... 3969 38 12 552 80 Her......... 4914 3 T 451 21
94 60 2669 605 Fen ........ 4922 26 8 5 208
25 12 594 231 (Omji ...... 4959 166 19 1308 ~152
40 10 490 3 [Omn ..... 4959 258 7 482 15
3 10 489 0 omj...... 5007 500 19 1295 - 150
169 18 77152 658 [Omn ..... 5007 775 T 47 15
m 48 2388 315 [Few ...... 5147 21 5 368 17
3 9 534 234 [(Fewn) ..... 5158 4 L1 16
a 360 15 [Few) ...... 51 4 7 45 130
21 12 580 152 [Fevi] ...... 5678 17 8 365 58
307 159 7856 848 Hen ......... 5694 32 9 a7 36
454 48 2391 318 [Fevu] ..... 5721 48 15 682 68
79 9 505 120 (Nuj ........ 5755 39 15 629 63
49 11 588 209 (Heni ....... 5876 347 110 4699 —457
17 7 370 168 (Hegn ....... 5876 60 12 500 152
31 10 553 160 Fends ...... 5991 58 13 528 91
49 14 747 157 {Fevn] ..... 6085 116 24 981 —60
53 18 948 153 Feunrd ...... 6248 45 13 526 88
30 10 536 89 [O1] ........ 6300 91 15 539 123
48 10 547 133 (o1 .. 6364 4“4 9 306 -18
34 8 454 145 [Nn] .. 6548 253 12 394 99
48 10 509 55 (Ha)b ........ 6563 1624 240 7863 1405
43 8 446 154 (Hali .... 6563 2843 72 2377 158
34 9 465 33 (Ha)n ... 6563 1419 13 451 92
33 10 550 220 [Nu] ... 6584 760 12 392 76
58 11 626 75 [Su] ........ en7 246 16 489 29
105 14 187 220 (suj ........ 6732 248 16 488 45

NoTEs—Letters “b," “i,” and “n " refer to the broad, intermediate, and narrow components.

Blend of [O 1] 13726 and [O 1] 43729,

1t it cannot be detected; using only the narrow components
the ratio R = [O m] 424959, 5007/14363, we found N,=
-1 £0.3) x 10° cm™3; and (b) the two components of [O mi]
14959, 5007 and the one of [O m] 14363 are emitted by gas
ith, on average, similar conditions, then N,=(12+£0.1)
10° cm ™3, Under the conditions of case (b), the observed
tio R ~ 35 cannot be reproduced for N, < 10° cm ™2 unless
> 18,000 K, a value too high for the NLR of Seyfert 1
laxies (Filippenko and Halpern 1984). This situation is even
ore critical in case (a). The critical density of [O m] 14363 is
} x 107 cm ™3, whereas for [O mr] 114959, 5007 N.=19
10° cm™2, In fact, [O m] 14363 is broader than [O m]
4959, 5007 by about 100 km s~ !, implying that N, > 107
1”3 in the clouds that produce most of the [O m] 44363,

TABLE 3
RELATIVE CONTRIBUTION OF BALMER COMPONENTS

whereas N, < 10° cm ™ in the clouds that produce most of the
[O m] 424959, 5007. Also, gas with N, 210" ¢cm™3 must
enhance the Balmer lines relatjve to [O m] 144959, 5007,
because the N, value for the Balmer lines is much higher. The
ratio [O m] 414959, 5007/HB ~ 5 is much smaller than the
typical range 10-20 usually found in NLR of Seyfert 1 galaxies
(Koski 1978),

The above results clearly show that the density in the NLR
of NGC 7469 varies from N, ~ 700 cm™? up to N, ~ 107
cm™3, and they also give support to the idea of an ionization
structure for the NLR.

Line Broad Intermediate Narrow
Ha ..... 28 48 24
HB ... 37 51 12
Hy ...... 36 54 10
Hé ... 36 57 7

TABLE 4
EQUIVALENT WIDTH OF ABSORPTION LiNEs
5" North 8” South
Line A) (4)
HB8A3835 .............. 6.93 2.68
Canadolddk .......... 6.70 5.24
He + Cani3970H ... 6.92 7.09

Hsad101 .............. 1.92 3.39
G band 44300 ......... 297
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V. CIRCUMNUCLEAR REGIONS

Spectroscopic, IR, and radio observations of the outer
dons of NGC 7469 show the existence of an extended high-
lization gas component surrounded by a ring of H 11 regions
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at a distance of about 10" from the nucleus (Wi86). We use
our off-nuclear spectra to add new information on the stellar
population and metallicity of these regions.

The 5" north and 8” south spectra are clearly contaminated
by the underlying stellar population (Fig. 1), which allows us to
study the stellar content around the starlike nucleus. The
equivalent width of the most prominent absorption lines
(Table 4) together with the continuum shape were used to
determine the corresponding stellar population templates,
selected from a library built from star clusters spectra collected
with IDS and CCD detectors at the ESO 1.5 and 2.2 m tele-
scopes (for details, see Bica 1988 and references therein).
According to that synthesis model (S4), the stellar population
contribution at 5870 A to the 5” north spectrum is more than
80%, due to very old stars (>5 x 10° yr), and the remaining
contribution comes from intermediate and moderately young
stars (> 108 yr). For the 8” south spectrum, the model template
(S6) predicts a very old star contribution of 70% and an excess
population of stars with 10° < age < 10° yr with respect to
that at 5”. In Figure 9, we show the 8" south spectrum, its
template, and the subtraction. The maximum metallicity
attained by the models is solar (Bica 1988).

After subtracting the templates, we measured the intensity of
the emission lines on the pure emission spectra (Table 5). Inten-
sity ratios plotted on the BPT diagrams (Baldwin, Phillips, and
Terlevich 1981) unambiguously show that the 5" north region
is photoionized by a power law and should be the high-
excitation component that was also found in Wi86. The 8"
south spectrum is typical of an H 1 region, in agreement with
the young stellar population found in the population synthesis.

The metallicity of the 8” region was inferred from intensity
ratios of the observed lines using the diagrams 13a and 13c in
Dopita and Evans (1986). Using their Table I, we found
12 + log (O/H) = 8.83, roughly the solar value, and we derive
an N/O abundance log (N/O) = —0.85, nearly twice the solar
value. In the diagram log (N/O) x 12 + log (O/H}) in Pagel
and Edmunds (1981), the position of the 8" H 1 region also
indicates an N/O ratio above solar.

Basically, our results agree with those of Wi86 and are rein-
forced by the presence of a young stellar population as derived
by the population synthesis and the finding that the gas in the
8" H n region is nitrogen enriched by secondary mechanisms.
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TABLE §
OFE-NUCLEAR EMISSION-LINE PARAMETERS

5" NorH 8" SoutH
FWHM Flux FWHM Flux
lIon Ao kms™') (107" ergsem™25s7!)  (kms™!) (107" ergsem ?s7Y)
[ou] ..... m 430 28+3 605 169 4+ 13
[Neur) 3869 783 741 18
Hf ........ 4861 634 6143 389 8245
[Om] 4959 579 2943 464 2845
[Ow] 5007 573 8714 460 8715
NUJ ..... 6548 537 901 14 ass 113 38
Ha ........ 6562 379 377410 n 602 £ 31
[Nu] ..... 6584 534 211+ 14 452 338438
[Su]...... M 48110 370 86 + 35
[Su) ...... 6731 223 33410 370 94135

 fact could be assigned to supermassive stars associated
 star-forming events occurring during the last 108 years.
V1. CONCLUSIONS

he main conclusions of our work can be summarized as
ws. From the analysis of the emission lines, we found that

50

50
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—
6859

" —_ 2
4968 5590 6220

Wavelength (RA)

3700 PEET)
1G. 9.—Subtraction of the stellar population from the 8” south spectrum.

e observed spectrum; (b) the population template; (c) the subtraction
(b). Constants were added 10 the spectra; flux is in arbitrary units.

in the nuclear region of NGC 7469, there exist at least three

emission-line regions with distinct physical parameters, mainly
the electron density and temperature. The BLR has a typical
dimension of R ~ 10'” cm. For the NLR and the ILR, we
observed a strong correlation between the FWHM and N,
which can be viewed as the result of an ionization structure
scheme holding in these regions. The interval in electron
density shows the coexistence of clouds spanning a large range
in density in the NLR.

The circumnuclear stellar population consists mostly of very
old stars (> 10'° yr) having superposed a conspicuous ring of
stars younger than 10® yr at R ~ 8". The presence of hot,
young stars in these regions is further confirmed by dust emis-
sion in 3.3 um (Cutri et al. 1984) and by the steep far-infrared
continuum (Wi86). This picture is consistent with the emission
spectra of gas still photoionized by the central source at
R = 5", whereas hot stars photoionize the nitrogen-enriched
gasatR =~ 8",

We would like to thank Eduardo Bica for helpful discussions
and for providing us with the population templates; C. B.
acknowledges a CNPq fellowship; we would also like to thank
an anonymous referee for valuable suggestions.
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SUMMARY

We report on observations of 12 southern warm /RAS galaxies. Using absolute fluxes
of lines in the optical region in connection with diagnostic diagrams, we have
classified these galaxies in terms of the principal excitation mechanisms and have
found that all the galaxies are Seyferts. Far-infrared colours also are used to analyse
these objects. Good correlations between the luminosity at 25 and 60 #m and the Ha
luminosity are found. The far-infrared luminosity of Seyfert galaxies seems to depend

more strongly on the number of ionizing photons than on the amount of dust.

I INTRODUCTION

Seyfert galaxies are known to have strong IR emission (Miley,
Neugebauer & Soifer 1985) and a method has been
developed for selecting Seyfert candidates from their
emission at 25 and 60 um (de Grijp er al. 1985; de Grijp,
Miley & Lub 1987). Osterbrock & de Robertis (1985, here-
after OR85) have also confirmed, from a sample of 30
galaxics, that a large number of /RAS warm galaxies have
active galactic nuclei (AGN) and that many of them are
heavily reddened. Leech et al. (1989) found that about 12
per cent of a sample of IRAS galaxies are Seyferts or
LINERs. The interest in studying warm IRAS galaxies has
considerably increased with the discovery that many lumi-
nous IR galaxies are interacting systems (Soifer e al. 1987;
Sanders er al. 1988). Lawrence et al. (1989) found that about
I1'£8 per cent of low-luminosity (<10''L,) and about
4612 per cent of high-luminosity (>10''Ly) IRAS
galaxics are in interacting systems. Consequently, the interac-
tion could play an important rote in producing levels of activ-
ity such as those observed in Seyfert 1, Seyfert 2, LINERs,
and starbursi galaxies.

From the catalogue of AGN candidates (de Grijp er al.
1987) we have selected a sample of southern warm IR
galaxies with unknown redshifts (9 out of the 12 galaxics) in
order to study their optical spectra, classify them, and search
for corrclations between optical and IR parameters.

This paper is arranged as follows: in Section 2 we present
the observations; in Section 3 we present the spectra and the
analysis of their emission lines; in Section 4 we study the
classification of the galaxies; in Section 5 we study correla-
tions between optical and far-infrared properties; and in
Scction 6 we summarize our conclusions.

*Present address: Space Telescope Science Institute, Baltimore,
Maryland, USA.

2 THE OBSERVATIONS

The observations reported in this work were obtained with
the ‘Z-machine’ (Tonry & Davis 1979; Latham 1982; da
Costa et al. 1984) developed at the Harvard Smithsonian
Center for Astrophysics, attached to the Cassegrain spectro-
graph at the 2.15-m Ritchey-Chrétien telescope of Casleo,
San Juan, Argentina, in the period 1989 May to November.

The observations were made using a 600 line mm™!
grating, giving a dispersion of 120 A mm~' and covering the
wavelength range from 4400 to 7200 A.

The measurements were made through a pair of 3x6
arcsec’ entrance apertures separated by 37 arcsec on the sky
for simultaneous object and sky exposures. The detector
employs a dual 936 Reticon system coupled to a high-gain
image tube package. A complete object exposure consists of
two equal time exposures with the source placed on each of
the two channels. In order to obtain reliable pixel-wavelength
solutions. comparison exposures were made. just before and
after the object. Usually, 50-60 He-Ne-Ar and sky lines
were used in a sevemh-order polvnomial fit of the wave-
length solution with typical rms residual of 0.4 A. Incandes-
cent lamp exposures were taken at the end of each night to
remove the fixed noise pattern arising in the readout elec-
tronics (Latham 1982). The spectra were flux calibrated with
stars from the Catalogue ‘Southern Spectrophotometric
Standards’ of Stone & Baldwin (1983). following standard
spectrophotometric reduction techniques. The software
package employed in the reductions and in the emission-line
analysis has been developed by us at Porto Alegre.

3 THE SPECTRA

We estimated the galactic reddening for each object looking
for ‘neighbouring’ objects in the catalogues of Sandage &




200 8. Lipari, Ch. Bonatto and M. G. Pastoriza

Tammann (1981), and de Vaucouleurs, de Vaucouleurs &
Corwin (1976). The redshift was calculated by measuring the
centroid of a Gaussian centred mainly on the redshifted
[O 1], 5; line, or on the Ha line whenever the [O m] line was
notavailable. Figs 1-4 illustrate some of the spectra.

For some of the objects (10135-1307, 10336 - 1641,
1834 =6728 and 11958 = 1818) the stellar population con-
tribution is visible mainly through the overall shape of the
continuum, the Mg 1 absorption feature, HB in absorption
and the TiO;4 absorption band (see Fig. 3 as an example
of this method of stellar population subtraction applied 1o
11958 = 1818). It is important to take the stellar population
contribution into account in order to isolate the emission
from and analyse the gas in these galaxies. We followed the
stellar population synthesis method of Bica (1988) and found
that the S2 red template represents quite well the stellar
population in the above objects. This template is an average
of spiral galaxies, attaining a maximum metallicity [Z/
Zo]=+0.3 and dominated by the old population with
age> 5% 10% yr, with the strongest flux contribution, 87 per
cent at 5870 A coming from components which are globular
clusters. A further reddening correction was applied to
10336 - 1641 and 11834 — 6728 so that the continua of the
template and those of the observed spectra matched. For
further details and examples of this method of stellar popula-

tion synthesis, see Bica (1988) and Bonatto, Bica & Alloin
(1989).

In Table 1 we present the identification of each object
along with its number according to de Grijp er al. (1987). We
also give the redshift z. the galactic colour-excess E(B— V),
and 1he additional reddening correction E(B—V),, for the
four objects mentioned above. In column 6 of Table 1 we
give the spectral classification of the galaxies according to
Section 4; and in the last column we list the log of the
far-infrared luminosity (relative to the Sun) log(L /L),
where  log(L q)=log(Fig)+2 log[z(1+2)]+57.28, and
Fipe=126%1071" (2.585,,+ S1q) €rg s~! cm~2, where S¢,
and §,, are the flux densities at 60 and 100 xm respectively.
The S2 red template, when subtracted, leaves the Ha flux
nearly unaffected. So we can use the non-subtracted Ha flux
in order to scale the other lines (affected by the template

10.0 g —r—r— e U EE— rr——r—r— .
"
T 8.2
o ,
" ]
T
64 i ]
E s 1
b ! i
= 4.6 -
I_‘BV |’ H -
2 y i J
c _ "Ir il ) 4
Z 2.8 >_|‘ \; l\{"q l‘. " 'I -
- - e 2
el w :
: e W'WWWMN'\W .’\\J
1.0 t P J
4000 4700 5400 61 00 6800

A (z\)

Figure 1. The reddening-corrected and flux-calibrated spectrum
of the [RAS Seyfert 1 galaxy 10137-2230 in the range
4050 — 6850 A. Spectral classification according to Section 4.
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subtraction due to template absorption features) to absolute
fluxes.

After correcting for the galactic reddening and the red-
shift, and after the subtraction of the stellar population from
the objects that needed it, we fitted Gaussians to the remain-
ing absorption-frec cmission lines. Examples of this proce-
dure can be scen in Figs 5 and 6. The results for the objects
with a single component in Ha are presented in Table 2,
where we give the total flux, the error in the flux (o, as
estimated from the noise level around each line), and the
FWHM. The same result for the Ha multicomponent
objects are listed in Table 3. Objects marked with an asterisk
(*) have had the stellar population subtracted. Our fitting
procedures were always constrained to the theoretical ratios
(O 1) 4955 =[O ] 5097, and [N 1]y 545 = 4[N 1] 554, 50 these
two lines are not listed in Tables 2 and 3. The penultimate
linc of Tables 2 and 3 gives the ratio Ha/Hp. For those
objects with composed H 1 Balmer profiles, we calculate the
Balmer decrement by summing the flux of all components.

The Balmer decrement in Tables 2 and 3 indicates the
presence of dust in the line-emitting regions of these galaxies.
We assumc that the optical properties of the dust are identi-
cal with thosc of dust in our Galaxy and, for lack of other
lines. we usc only the measured ratio Ha/HpB to determine
the amount of internal extinction. Following Veilleux &
Osterbrock (1987, hereafter VO87), we also assume an
intrinsic ratio Ha/Hp = 3.1 for our objects because, as it will
be seen later (Section 4), all of our galaxies can be considered
as AGNs, and collisional excitation plays an important role
in determining the emission-line spectrum in such objects.
The internal reddening correction was determined from the
interstellar extinction curves given by Seaton (1979) and the
expression Fo(4)= F(A)101%4E8~Vixix) where Fy(A) and F(4)
are, respectively, the corrected and the measured fluxes at A,
2(x) is the extinction function, and x=1/A, with 4 expressed
in um. x(x) was expressed as a third-order polynomial fitted
to the points of x(x) given by Nandy et al. (1975). The
corrected flux values are given in Tables 2 and 3 in the line
below the measured flux for each emission line, and in the
last line of Tables 2 and 3 we list the ‘internal’ colour excess
E(B-V).

Our sample contains three objects (11249 -1308,
11548 —0344 and 11958-1818) in common with the
sample of OR8S5. For 11958 —1818 our Ha flux is in very
good agreement with the value quoted by ORSS, although

Table 1. Details of the objects.

IRAS N z E(B-Vle E(B-V)p Class. log(L1r/Leo)
0019-7926 006 0.07289 0.02 — 2 11.62
0135-1307 030 0.04050 0.00 0.00 s2 10.61
0137-2230 031 0.08657 0.00 - s1 1111
0310-5131 076 0.07823 0.00 - S2 11.01
0336-1641 098 0.03735 0.00 0.30 s2 10.76
1249-1308 309 0.01418 0.00 - S1.5 9.84
1258-3038 312 0.01633 0.04 - s2 9.91
1548.0344 383 0.03095 0.03 — s2 10.66
1834.-6728 472 0.01452 0.07 0.10 s2 10.03
1958-1818 495 0.03730 0.13 0.00 s2 10.52
2020-5635 502 0.06011 0.03 — SL.9 10.86
2055-5211 513 0.05073 0.02 — s2 10.90

Southern warm IRAS ealaxies 7]

line-ratios ditfer somewhat: probably the differences can be
ascribed to ORS3 not having taken into account the stellar
population in this object; for 11548 —0344 our fluxes agrec
with those of ORS35 to within 15 per cent; the differences are
important for 11249-1308. but this object presents a
composed Ha profile. so that the differences may be attri-
buted 1o the deblending procedures.

4 SPECTRAL CLASSIFICATION

4.1 The optical data

In the past, several attempts have been made to classify the
spectra of extragalactic objects according to the principal
excitation mechanisms. Usually, diagnostic diagrams with
emission-line ratios of easily-observed lines are employed to
achieve this goal. In this section we apply some diagnostic
diagrams to our galaxies and classify them.

A first inspection of the data regarding the three galaxics
in Table 3 (and Fig. I for 10137 -2230) shows us that
10137 ~2230 is a classical Seyfert 1 galaxy with H 1 Balmer
lines (FWHM 24000 km s7!) much broader than the for-
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Figure 5. Gaussian fit for the HA+[O ;4959 500 profile for the

IRAS Seyfert 1 galaxy 10137 —-2230.
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Table 2. JRAS Seyfert 2 emission-line parameters.

0019-7926

0135-1307*

0310-5131 0336-1641"
Flux ¢  FWHEM Flux o FWHEM Flux ¢ FWHMFlux o FWEM
Hellyeaas — - - - - 0.58 0.08 7 -~ -~ -
- - 2.94 -
HS 094 007 653 143 014 609 070 004 571 0.63 0.05 876
4.62 20.11 3.33 147
[ONlasoor .38 0.08 753 1460 0.0 863 894 004 606 383 006 705
34.46 188.40 40.40 8.69
[Olaeso0 042 0.07 304 122 023 811 046 007 562 — @~ —
1.33 8.25 142 -
Ha 483 009 511 1026 0.4 504 357 0.07 548 255 0.06 48]
14.32 62.27 10,34 4.54
[NIaesse 2.76  0.10 583 888 0.7 617 208 007 560 2.06 0.06 500
[SMaenr 0.74  0.07 405 155 0.5 520 — — — 0.64 007 550
2.12 8.88 - 112
(SMaera; 0.79  0.07 405 087 015 520 — — — 056 0.07 550
2.25 4.95 - 0.98
Ha/HB 5.14 117 5.10 4.05
E(B-V); 0.47 0.78 0.46 0.25
1258-3039 1548-0344 1834-6728* 1958-1818*
Flix o FWEMFlx ¢ FWEMFlwx o FWHM Flix ¢ FWHM
Hellyigs — — — 0.8 0.18 M1 — — - - - —
- 2.30 - -
HA - — L76 015 585 — @ _— — 037 010 563
_ 4.86 - 23.92
[Oll o0y —  — — 1952 0.17 664 — @ — — 343 013 708
— 52.20 — 193.56
[Olxe300 — — — 08 017 480 — — - = - —
_ 1.77 —_ -—
Ha 498 0.36 775 17.56 0.19 516 294 0.09 643  4.32 0.17 669
_ 15.12 —_ 74.20
{NII)xe58« 3.72 0.35 765 577 0.18 479 116 0.08 564 2.65 0.14 550
—_— 11.51 — 45.00
[SIlaenr — - — 165 o017 4459 - - — 039 011 469
—_ 3.23 _ 6.12
(S]xe731 — - — 145 017 458 — - — 069 0.11 422
- 2.83 - 10.70
Ha/HB — 4.29 - 11.67
E(B-V)y — 0.30 - 1.23
2055-5211 )
Flux o FWHM
Hy 1.70 0.13 1280
3.14
Hellyqess 1.80 0.11 860
3.16
HS 1.91 0.09 686
3.28
{0l 5007 21.03 0.12 893
35.54
[Ol]ag300 0.71 0.08 500
1.05
Ha 7.06 0.12 6559
10.22
{N1l]xg58¢ 11.63 0.17 956
16.81
[S"],\5111 2.60 0.16 856
372
[SM)rg731 1.55 0.16 856
2.21
Ha/HB 3.70
E(B-V); 0.16

Notes: *Stellar population-subtracted. Additional features. 11548 —0344:

Flux=1.20+0.2, FWHM =567,
Hé Flux=1.21+0.14, FWHM =802,
in10""ergem=2s5-!, FWHM inkms-'.

bidden lines (FWHM =700 km s~1), clearly having a strong
contribution of a power-law to the continuum of this galaxy;
11249 - 1308 is classified as a Seyfert 1 by ORSS5 but, based
on our observations and on the width of its emission lines
(FWHM <2000 km s~ for the H 1 Balmer lines), we classify
this galaxy as an intermediate type, between Seyfert 1 and
Seyfert 1.5; finally, 12020 — 5635 has characteristics close to
the definition (according to OR85) of a Seyfert 1.9.

[Fe Vit o0m7

(Fe X375 Flux=0.58 +0.14, FWHM = 378; 12055-5211:
(S w312 Flux=0.41%0.07, FWHM = 390. Flux and o

Veuilleux & Osterbrock (1987) present diagnostic
diagrams involving the line-ratios [O ), 5007/HB, [N 16543/
Ha, [S 1] 334717,3./Ha, and [O 1];,,,,/Ha, which enable one to
distinguish between narrow-line active galaxies and Hn
region-like galaxies. These line ratios are nearly unaffected
by the reddening corrections and errors in the flux calibra-
tion. In the VO87 diagnostic diagrams we have plotted the
reddening-corrected line ratios measured in our objects, and
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Table 3. IRAS multi-component galaxies.

0137-2230 12491308 20205635

Flux ¢ FWHM Flux o FWHM Flux o FWHM

By 6.69 0.63 3622 9.39 0.24 1406 et - -
6.69 12.28 -

(OlI)aezes 030 001 645 193  0.19 1o — - -
. 2.5 -

ch,\‘ug bt - - 1.29 0.18 669 - - -
- .65 -

(HB)s 1154 058 5155 1500  0.43 1552 - - -
11.54 19.01 -

()N 304 013 11 — - - 1.00 0.07 963
3.04 - 12.28

[OllMxs007 839 0.08 723 29.93 0.1 735 1436 0.06 857
8.39 37.65 162.52

(Olxgas0 -~  — — 121 020 681  0.62 0.08 579
— 1.44 3.80

(Ha)p 2747 0.82 4678 39.08  0.55 1805  4.45 033 2161
27.47 45.94 24,62

(Ba)r 1469 037 2108 — - - - - -
14.69 - -

(Ha)y 326 009 513 1106 0.14 450 243 0.07 472
3.26 13.00 13.44

(NIMagsae 157 000 532 980 0.4 456 235  0.08 554
1.57 11.51 12.91

[SHaennir — — — 294 014 45  1.08 0.07 453
- 3.44 5.64

[Slaerss —  — — 272 0.3 409 078 0.07 453
- 3.18 4.07

Ea/BSf 3.11 3.34 6.88

E(B-V); 0.00 0.07 0.74

Notes: B, I and N refer to the Broad, Intermediate and Narrow components.
Additional features. 10137-2230: Hels Flux=2.59+021, FWHM=
2613;fluxand 0in 10~ ergcm™?s~;FWHM inkms-'.

in Fig. 7 we illustrate this with the diagnostic diagram
(O m];5007/HPB versus [N 1];4555/Ha. In this figure the area
delimited by the solid line is occupied by Seyfert 2s and o= 7]
narrow-line radio galaxies (NLRG), objects photo-ionized by
a ‘non-thermal’ or ‘power-law’ continuum; the short-dashed 0s L _
curve encloses H n regions, H 1 regions in a nucleus, star- =
burst galaxies, and H 1 galaxies, objects photo-ionized by hot = ® 100197926
stars; and the long-dashed curve encloses the LINERs. We § 00 A rossisr —
also have included the narrow components of Ha and HA 5] : i
for the three objects of Table 3 in Fig. 7. % O 103361641

The three diagnostic-diagrams give essentially the same B Y ™ n
results: all the objects listed in Table 2 (except 11258 ~ 3039 g : ;m
and 11834~ 6728 which have no detectable [O m),sq0, and 1oL © I1sseers |
[S1],;67173;) fall within the area occupied by the Seyfert 2s A 119581818
and NLRGs. 12020 - 5635, previously classified as Seyfert > 1 s
1.9, also lies in the Seyfert 2 area; the narrow components of -Lsp ) | » -
10137 -1308 and of 11249 — 1308 are located in the region -20 -15 -0 -0s5 00 05

of the active galaxies, halfway between the Seyfert 2s and
LINERSs. The narrow-line region of these two galaxies are
stll pholo-ionized by a power-law continuum but, appa-
rently, there is also a considerable contribution of photo-
lonization by hot stars.

A similar classification has been obtained using the BPT
(Baldwin, Phillips & Terlevich 1981) diagnostic-diagram
involving (O m]; s44,/Hp versus [N n],,55:/Ha.

log([NII}resas/Ha)
Figure 7. The reddening-corrected line raiios (see Tables 2 and 3)
log({O 111]35097/Hp) Versus log([N 1],4s45/Ha) are plotted in this
diagnostic diagram (adapted from VO87). The inset shows the
symbols that identify each object on the plot. The short-dashed line
defines the Iocus of the Hu regions, starburst galaxies, and H
galaxies; the long-dashed line encloses the LINERs; and the
continuous line encloses the Seyfert 2 and the narrow-line radio
galaxies. For 10137 - 2230 and 11249 — 1308 only the narrow com-

ponents of the Balmer lines are used in the line ratios.
4.2 Theinfrared data

Far-infrared flux-densities in the JRAS bands at 12, 25, 60
and 100 xm were taken from the IRAS point source catalog
(1985). Since the galaxies of our sample have a redshift
2> 0.014, corresponding to a radial velocity (H=50 km s™!
Mpc ™'} 7, >4000 km s~', we should not expect flux losses

due to different diaphragm sizes at 25 um (~0.76 X 4.6
arcmin?), 60 um (~15x4.75 arcmin?), and 100 Hm
(~3.0% 5.0 arcmin?).

The objects of our sample were chosen because of their
relatively high IR luminosity (9.84 <log(L /L) <11.62),
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thus we can use the far-infrared colours of these galaxies as
another criterion to classify our objects. To do this we use the
far-infrared colour-colour diagnostic diagrams of Sekiguchi
(1987). Far-infrared colours are calculated by taking the
logarithmic ratios of the flux densitics at two JRAS bands,
thus — a4 L.22)=log(S;,/S;:2)logA1/A2), where S, is the
flux-density (in Jy) at A, and 41> 12. As with the diagrams of
VO87, we also have marked off regions occupied by specific
classes of objects. Thus, non-active spiral galaxies are
enclosed by the short-dashed curve, and starburst galaxies
are enclosed by the dot-dashed curve. Seyfert 2 galaxies are
scatteredton the diagram above the non-active spiral galaxies
region (Fig. 8). Four objects (10137-2230, 10336 - 1641,
{1548 -0344 and 12020-5635) have only upper limit
detections at 100 um, indicated by arrows in F ig. 8.

Several of our objects in the adapted far-infrared
colour-colour diagram (Fig. 8) lie close to the power-law
curve, the exceptions being 11548 - 0344,10336 - 1641 and
10137 -2230 (upper limits at 100 #m) on the left of the PL
curve, and 10019-7926 and 12055- 5211 on the right of
the PL curve,

The galaxies 10019 -7926 and 12055 - 5211 which are
clearly classified as Seyfert 2 through the optical data
(Section 4a), are located in the far-infrared colour-colour
diagram near the blackbody model curve with their black-
body temperatures higher than the temperatures of the star-
burst galaxies. This apparent contradiction can be
interpreted as a combination of two mechanisms that excite
the dust: basically a power-law continuum source covered by
gas and dust clouds in which massive star formation could be
happening (Sekiguchi 1987). These clouds re-radiate the
power-law photons with a blackbody spectrum. It is interest-
ing to note that 10019 — 7926 is the most IR-luminous galaxy
of our sample, with log(L,z/Lo)=11.62, and also that this
object is an interacting galaxy.

5 OPTICAL VERSUS FAR-INFRARED
LUMINOSITIES

In this section we investigate how the luminosities of the far-
infrared IRAS bands correlate with the luminosities of

0.0

Black-Body
1

0.0 X 20

«(100,60)

Figure 8. Far-infrared a(60,25) versus a(100,60) colour-colour
diagnostic diagram. Objects labelled as in Fig. 7. Short-dashed line
encloses normal (non-active) spiral galaxies, and the dot-dashed line
cncloses the Starburst Galaxies. Pure power-law (F,« v2) and one-
temperature blackbody models are indicated. Arrows indicate
objects with upper limits at 100 pum.

optical lines. This issue has been studicd by Dultzin-!{acyan.
Moles & Masegosa (1988) who found that, far all Sevfert 2
galaxies in the Véron-Cetty & Véron (1987) catalogue. there
is a strong correlation between the luminosity at 25 #m and
the nuclear Hp luminosity. thus suggesting that the bulk af
the 25-um emission has the same origin (nuclear) as the 1
emission; for the other /RAS bands they have found weak or
no correlation.

In our galaxy sample, 100 per cent of the objects have He
measurable, so we use this line to search for corrclations. We
have plotted in Fig. 9 the luminosity at 60 s against the He
luminosity (relative to the Sun). The straight line in the plot
shows the result of a linear least-squares fi1 performed on the
data. The best correlation (with multiple linear-correlation
coefficient R*=0.78) was found for the 25-um luminosity:
next comes the 60-xm luminosity with £2=0.72. and finally
the 100-gm luminosity with R?=0.63 (we have excluded
from this last fit the four objects witl upper limits at 100
#m). Thus we can say that both the 25y and the OU-am
emissions have the same origin as Ha and, to a lesser extent.
the same can be said of the 100-xm emission.

Another good correlation was found between the far-
infrared luminosity L, and Ha, with R2=0.69. This is
shown in Fig. 10 where we plot the far-infrared luminosity
log(L g/ L) against the log(Ly,/L o) uminosity.

Concerning the ratio Lgy/L,;, we find that, for the Seyfert
2s (including the Seyfert 1.9 12020 -5635) of our sample,
400<Lgy/Ly, <3000, whereas for the Seyfert 1.5
11249 ~1308 Lgy/Ly,~120, and for the Seyfert 1
101372230 Ly/Lyy, = 60. This suggests a strong thermal
component in the /RAS Seyfert 2s which is less conspicuous
in the Seyfert 1s. Leech er al. (1989) presented a model with
two kinds of dust clouds (type I with A,=20, and type II
with Ay=1). In this picture, objects with large Lo/Ly,
(>5000) are the youngest starbursts, dominated by type I
clouds. Plotting our data in Fig. 9 of Leech et al. (1989) we
see that the IR luminosity of the Seyfert 2 galaxies of our
sample is still dominated by young star-forming regions, but
there is also a significant contribution of type II clouds (lower
optical depth).

12,0 T ———
fL
i
11.6 -

11.2 = e =

log(Leo/Lo)
N\
o

10.8 - A

10.4 - e

Q

65 7.2 7.9 86 9.3 100
IOQ([M“'/L;)

Figure 9. The luminosity of the JRAS band at 60 ulog(L /L),
plotted against the Ha luminosity (relative 10 the Sun), log(L /L)
The multiple linear correlation coefficien: is R2 = 0.72.
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Figure 10. The far-infrared luminosity L is plotted against the
Ha luminosity showing a correlation between these two quantities
iR*=0.69).

12.0 — 1 T

10.0 - 1

9.5 —— PR
3.0 4.8 6.6 8.4 10.2 12.0

Ha HA

Figure 11, "The far-infrared tuminosity Lz shows no correlation
with the Balmer decrement Ha/Hp, thus implying that the dust
content in the /RAS galaxies is not the main factor determining the
far-IR luminosity.
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Figure 12. This figure shows the correlation (R?=0.66) between
the far-infrared luminosity L, and the {O m];549; luminosity, thus
suggesting that L, depends strongly on the intensity of the ionizing
source.

Southern warm IRAS galaxies 25

Assuming that the ratio Ha/HB gives a measure of (he
amount of dust present in the line-emitting regions of active
galaxies, we searched for a link between the dust and the far-
infrared luminosity. This can be seen in Fig. 11 in which we
have plotted log(L /L) versus Ha/Hp. It is apparent that
there 1s no correlation between these two quantities. On the
other hand, we have found a correlation between L, and the
[0 1n1];5907 fuminosity (R*=0.66, Fig. 12). One way to inter-
pret these two facts is to assume that the far-infrared
luminosity depends more strongly on the intensity of the cen-
tral jonizing source (i.e. on the number of jonizing photons)
than on the amount of dust, if recombination is the only
mechanism responsible for the Balmer lines.

6 CONCLUSIONS

In this paper we have analysed 12 southern warm IRAS
galaxies. Using optical and far-infrared colour-colour
diagnostic diagrams, we have classified these galaxies
according to their principal excitation mechanism and found
that all are Seyfert galaxies.

There exist very good correlations between the luminosity
at 25 and 60 um and the Ha luminosity, thus suggesting that
the emission at these two IRAS bands has the same origin as
the Ha emission; also the far-infrared luminosity L, corre-
lates well with Ha.

On the assumption that recombination is the only mecha-
nism responsible for the Balmer lines and that Ha/HpB is a
measurce of the dust content, the far-infrared luminosity is
more dependent on the number of ionizing photons than on
the amount of dust.

Another point which should be stressed is that
10019 -7926, the IR-brightest galaxy of our sample is an
interacting galaxy.
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SUMMARY

Using narrow-band imagery,
line in the nuclei of NGC

we have detected a cone of radiation in the [O 111500
1365 and 7582 with emission directed, respectively,

towards the south-east and south-west. Adopting a distance of 20 Mpc to NGC 1365
and 21 Mpc to NGC 7582, with H,=75 km s Mpc~! the projected dimensions of
the cones are about 1.0x 1.5 and 1.9x 1.6 kpc, respectively. The presence of these

cones had been previously suggested on the basis of images obtained with the
TAURUS Fabry-Perot interferometer and spectroscopic observations, and can be
clearly seen in our images after the subtraction of the continuum emission. These
observations are new examples of cone morphologies of high-excitation gas
previously found in other Seyfert 2 galaxies. The analysis of the available data on

NGC 1365 and 7582 favours the so-called ‘unified AGN models’.

I INTRODUCTION

As part of an ongoing study of the emission gas structure in
the nucleus of ncarby Seyfert 2 galaxies we have obtained
narrow-band images of the galaxies NGC 1365 and 7582.
NGC 1365 is a giant barred SBb-c galaxy in the Fornax
cluster with a nuclear region containing a Seyfert nucleus
tLdmunds & Pagel 1982), dust lanes and bright hotspots,
and has been studied by several authors (Sérsic & Pastoriza
1965: Phillips et al. 1983, hercafter PTEP, and references
therein). The relative intensities of the emission lines of
NGC 1365 are typical of a Seyfert 2 galaxy, although Véron
et al. (1980) have found a broad component in Ha suggest-
ing that this galaxy could have a hidden Seyfert 1 nucleus.
NGC 7582 is a highly inclined barred SBab(rs) spiral galaxy
with a composite nuclear emission spectrum indicating the
presence of both power-law and hot star photoionization; it
also presents X-ray emission (Morris ef al. 1985).

Using long-slit spectroscopy on NGC 1365, PTEP have
shown that the (O m],q,,, line presents a strong off-nuclear
component, blueshifted by 300 km s~ relative to the nuclear
emission in the direction of the minor axis of the galaxy. The
presence of a weaker red component has led to a possible
interpretation of the data on the basis of a conical ejection
model. Using the TAURUS imaging Fabry-Perot interfero-
meter {Taylor 1978; Atherton er al. 1982), Edmunds, Taylor
& "Furtle (1988) have shown that the (O m];500, emitting gas
in NGC 1365 extends smoothly over the whole nuclear

* Visiting Astronomer at Cerro Tololo Inter-American Observa-
wry.

region. Our data show a similar emission structure in the
[O m) image before the continuum subtraction. Neverthe-
less, after the subtraction a very clear cone-shaped structure
can readily be secn, in agreement with the model suggested
by PTEP.

NGC 7582 was also observed with TAURUS (Morris er
al. 1985) when it was noted that the [O m] velocity ficld is
different to that of Ha, and that the [O m] profiles present a
uniform blueshift. of about 100 km s~ ', They propose a
model comprising an H n region disc responsible for the Ha
emission with a conical outflow of a high-excitation gas
emitting (O m]. Again our pure [O m] image shows the pro-
posed conical structure.

2 OBSERVATIONS AND REDUCTIONS

The images of NGC 1365 and 7582 were obtained at the
CTIO's 91-cm telescope on 1989 August 17-19, using, the
TI2 CCD with an image-scale of 0494 arcsee per pixel.
Obscrvations of each galaxy were made through narrow-
band interference filters centred on the redshifted 1O m); g
and Ha +[N 1] ;<5 s lines and the corresponding continua,
Details regarding the observations, filters. and integration
times are given in Table 1. Flat ficlds were obtained for cach
filter used. )

We would like to point out that Véron er al. (1980) have
found a broad Ha component in the nuclear spectrum of
NGC 1365 whose wing could be present in our continuum
fiiter. Nevertheless the broad Ha component has
FWHM =35 A and a low peak intensity centred at A6600.
Thus its contribution to our continuum filter centred at
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Table 1. Log of observations.

Galaxy Date Exp.Time(s) No.Exp. Filter/Width(A) Seceing(")
NGC1365 17-18 600 1 5032/15 1.7
NGC1365 17-18 900 2 5032/15 1.7
NGC1365 17-18 900 1 5400/100 1.7
NGC1365 18-19 600 2 6520/75 2.1
NGC1365 18-19 600 2 6600/110 2.1
NGCI365  18-19 600 2 5032/15 2.1
NGC1365  18-19 600 1 5400/100 2.1
NGC7582 17-18 900 2 5032/15 LT
NGCT7582 17-18 900 1 54007100 L7
NGC7582 17-18 900 1 6520/75 17
NGC7582 17-18 900 1 6600/110 17

Notes. Column 4 gives the number of exposures. Column 5: width
corresponds to the FWHM transmission.

46520 with a FWHM transmission of 75 A should be negli-
gible and does not affect our conclusions.

Data reduction was performed with the IRAF package.
All the frames were corrected for DC electrical offset
obtained from an overscan region of the chip and were bias
subtracted. Each frame was divided by a normalized dome
flat field, and had the bad pixels replaced by an average value
from the neighbouring pixels. The data were corrected for
atmospheric extinction using the CTIO average extinction
curve. We then aligned all the frames using field stars as
reference points and then individual integrations for each
filter were averaged (according to each frame's integration
time) to produce the final frames. We then subtracted the sky
contribution. Because the point-spread function (PSF) varies
for each filter, we measured the PSF for each pair of con-
tinuum and continuum + emission frames. Then we con-
volved the frames with the narrower PSF with a circular
Gaussian having a FWHM such that the resulting PSF was
equal to the broader one. Before the subtraction the con-
tinuum frame was scaled as follows: for each field star we
calculated the count ratio in the continuum and the contin-
uum + emission frames; the final scale factor was determined
as the average ratio for all stars.

3 RESULTS
3.1 NGC 1365

We show in Fig. 1 the images obtained on the first night,
when we could only observe NGC 1365 with the [O ] fil-
ters. Fig. 1(a) presents the continuum subtracted [O m] (pure
emission) frame and Fig. 1(b) the corresponding continuum
frame. On the second night, we again observed with the [O m]
filters and also with the Ha filters. The corresponding
frames are shown in Figs 2 and 3: Fig. 2(a) presents the pure
emission Ha frame, Fig. 2(b) the Ha continuum frame, Fig.
3(a) the pure emission [O m] frame, and Fig. 3(b) the [O m]
continuum frame. The most external isophotes plotted corre-
spond to a 20 level above the residual ‘sky’ (actually the sky

e R SR | NN | WY T M| 1 89

] S 10" d e

10 28 n “w S8 [1] " (1]

Figure 1. (a) Contour map of the N1365 continuum-subtracted
{O w] frame obtained on the first night; contours in counts, from 11
to 78 per cent of maximum value, step 7 per cent. (b) (O ] con-
tinuum frame contoured from 9 to 54 per cent of maximum value.
step 5 per cent; x and y scale in pixels. The centre of the nuclear
emission of the continuum frame is indicated in both frames by a
star symbol. The small knot at the "veriex’ of the cone ina) is due to
a cosmic ray hit.

has been already subtracted). It can be seen that the [O ]
images obtained on the first night have a better signal-to-
noise ratio than those obtained on the second night.

In the Ha pure emission frame (Fig. 2b) as well as in the
Ha and [O m] continuum of the first night, several structures
can be easily identified: the nucleus, the hotspots, the dust
lane, and the northern Hn region complex (Edmunds &
Pagel 1982). The centre of the nuclear emission (representcd
by a star symbol in the figures) coincides in these three
frames, as well as the position of the other structures
mentioned above. On the [O ] frame of the first night, we see
traces of the hotspots, whose emission centres coincide with
those of the other frames. At the 10 level it is also possible to
see traces of emission from the northern Hu complex.
Nevertheless, the bulk of the pure [O m] emission presents a
different structure: the centre of the emission does not
coincide with the previous nucleus, being displaced towards
the south-east by 1.5 arcsec (projected distance 150 pc at the
galaxy); the isophotes accumulate towards the north-west
and present a conc-shaped form, which can bc scen in both
(first and second nights) pure [O m] frames. This structure is
not prescnt in the purc Ha and continuum frames. The
dimensions of this structure at the 2o level, adopting a dis-
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Figure 2. (a) Contour map of the N1365 continuum-subtracted Ha
Tame, in counts, from 1 to 37 per cent of maximum value, step 4
ser cent. (b) Ha continuum frame contoured from 1 to 46 per cent
of maximum value, step 5 per cent; x and y scale in pixels. The

entre of the pure Ha nuclear emission is indicated in Figs 2 and 3
1y astar symbol,
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ance of 20 Mpc to the galaxy (PTEP), are 1.5 kpc in the
ast-west direction and 1 kpc in the north-south direction.

In order to better demonstrate the distribution of the
) m| emission we have constructed a three-dimensional plot
hich is shown in Fig, 4 with the counts on the vertical axis,

One way to interpret our data together with the results of
TEP is using their model. Thus NGC 1365 presents a high-
citation gas outflow emitting mostly in [O m). The geo-
etry of the emission is that of a hollow cone which we are
eing partially from the top.

2 NGC 7582

Ic images of NGC 7582 are shown in Figs 5 and 6: Fig,
) shows the pure [O 1] emission frame, Fig. 5(b) the [O m]
Ainuum, Fig. 6(a) the purc Ha emission frame and Fig.
)) the corresponding continuum. Again, the outermost iso-
ates correspond to 20 level.

As in the case of NGC 1365, the centre of the emission
ncides in all frames except in the [O m] pure emission one.
his frame, all the emission is displaced towards the south-
st the emission centre being displaced by 0.7 arcsec (pro-
ed distance 71 pe at the galaxy) with respect to the other
nes. The isophotes accumulate towards the north-east

Figure 3. (a) Contour map of the N1365 continuum subtracted
(O ) frame obtained on the second night; contours in counts, from
19 to 67 per cent of maximum value, step 8 per cent. (b) [Om]
continuum frame contoured from 15 to 57 per cent of maximum
value, step 6 per cent; x and y scale in pixels.

BN
0 7

7

Figure 4. Smoothed three-dimensional represemation  of the
NGC 1365 isophotal map of Fig. I(a). Vertical scale in counts with
bottom at zero and top at 234,

and a very similar conical structure to that found in
NGC 1365 can be readily scen, with dimensions at the 20
level of 1.6 kpe in the east-west direction and 1.9 kpc in the
north~south direction. A comparison between the shapes of
the internal isophotes in the pure Ha and the corresponding
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Figure 5. (a) Contour map of the N7582 continuum subiracted Ha
frame in counts, from 1 to 81 per cent of maximum value, step 5 per

cent. (b) Ha continuum frame contoured from 1 to 45 per cent, step

2 per cent; x and y scale in pixels.

continuum shows that the first are more elongated and present
a slight accumulation towards the north-east, giving a hint of
the conical structure present in the pure [O m] frame. This
indicates that the cone also emits in Ha, although the conical
structure is less evident because the nucleus and surround-
ings also emit strongly in this line.

We have also constructed a three-dimensional plot of the
pure [O m] emission with counts on the vertical axis, which is
shown in Fig. 7.

Our data together with kinematic and spectroscopic infor-
mation showing that the [O m] gas is blueshifted indicate that
NGC 7582 presents an outflow of high-excitation gas. This
gas outflow has a cone-shaped structure which we are view-
ing at a grazing angle to its external wall in agreement with
the model by Morris e al. (1985).

4 DISCUSSION

Previous works involving narrow-band imaging of Seyfert
galaxies have found elongated emission structures in the
nuclear region. In particular Haniff, Wilson & Ward (1988)
have found an alignment between the direction of the radio
and emission-line axes for a sample of 10 Seyfert galaxies.
Conical structures have been found through the construction
of excitation maps obtained by dividing the [O m] frame by
the Ha frame (Pogge 1988a) for a number of galaxies:

-
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2

10 20 | L] S8 2] n ]

Figure 6. (a) Contour map of the N7582 continuum subtracted
[O m] frame in counts, from 4 to 88 per cent of maximum value, step
7 per cent. (b) [O ] continuum frame contoured from 1 to 37 per
cent of maximum value, step 2 per cent; x and y scale in pixels.
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Figure 7. Smoothed three-dimensional representation of the
NGC 7582 isophotal map of Fig. 6(a). Vertical scale in counts with
bottom at zero and top at 438.

NGC 1068 (Pogge 1988a), NGC 4388 (Corbin, Baldwin &
Wilson 1988; Pogge 1988b), NGC 5252 (Tadhunter &
Tsvetanov 1989; Haniff, Ward & Wilson 1991), NGC 5728
(Schommer et al. 1988; Pogge 1989), Mkn 573 and possibly
NGC 2110 (Haniff e al. 1991).

These findings support the so-called ‘urificd models™ of
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AGN in which a Seyfert 1 nucleus and a broad-line region
would also be present in Seyfert 2 galaxies but hidden by a
thick accretion torus (Antonucci & Miller 1985). Biconical
radiation fields would be produced either through collima-
tion by the torus walls or if the central souree is intrinsically
anisotropic. As an alternative they suggest that a plasma jet
forms a channel through which the radiation from the central
engine escapes along a cone, possibly reaching great dis-
tances (e.g. NGC 5252 and 4388).

Our observations of NGC 1365 and 7582 give further
support for the above models. The conical structure for both
galaxies is clearly seen in the continuum-subtracted images
without having to construct excitation maps. This means that
in these galaxics the bulk of the [O m] emission comes from
the high-cxcitation gas which is confined to the conical struc-
tures.

The kinematics of the central region studied in previous
works and described in the introduction shows that the gas is
outflowing along the cones thus indicating that not only

radiation but also matter is being collimated. The presence of
gas motions could lead to shock ionization, but the optical
spectrum of both galaxies (Ward et al. 1980; Diaz, Pagel &
Wilson 1985; Edmunds & Pagel 1982) do not show any
clear evidence of this process. Instead the line ratios favour
photoionization by a power law. This seems to be the case in
other Seyfert galaxies with anisotropic [O m] morphologies
{Wilson, Ward & Haniff 1988, hereafter WWH).

The presence of beaming in NGC 1365 and 7582 is
obvious through our pure [O ] images and previous kine-
matic studies. In more distant, less spatially resolved galaxics,
one way to check the beaming hypothesis is through com-
parison between the power in optical-ultraviolet continua
available to heat dust (L), and the thermal luminosity of the
nuclear infrared source (L), In general it is found tha
L2 Ly suggesting that part of the radiation heating the
dust is not observed (WWH).

We have followed the procedures outlined in WWH to
estimate L ; and L, in order to check if this indeed occurs in
NGC 1365 and 7582. Flux densities at 60 and 100 um were
taken from the IRAS Point Source Catalogue (1985) and
used to calculate Lyy; L, was calculated integrating a
power-law spectrum (F,<y~2) beween 0.01-1 um. For
NGC 1365 we have used the results from a spectroscopic
study by Edmunds & Pagel (1982) in which it is concluded
that in order to reproduce the ratio He W463¢/HB and the
equivalent width of HB the slope a of the ionizing continuum
should be = 1.5, and with a value of the reddening corrected
continuum at 14681 of 3.2 x 10-!4 ergcm~2 ™! Al For
NGC 7582 we have taken a=1.5 and the Hp continuum as
1.2xX10" " ergem™25"! A~ from the spectroscopic study
of Ward er al. (1980). We found for NGC 1365 Lyg/Ly=11,
and for NGC 7582 L /L,=13, showing that the above
hypothesis is confirmed in these galaxies. However, part of
the 60 and 100 um emission may come from extra-nuclear
regions, but even assuming a 50 per cent extra-nuclear
contribution to Ly the ratios would still be > 5, not changing
the conclusion.

5 CONCLUSIONS

In this paper we have analysed narrow-band [Om] and
Ha +[N u] images of the galaxies NGC 1365 and 7582.The

subtraction of continuum emission from the [O w] frames
revealed the presence of a cone-shaped structure in the pure
1O m]; 5097 frames in both galaxies. In NGC 7582 there is also
a hint of the cone structure in Ha. This emission seems to
have a vertex centred at the nucleus of the host galaxy but
which is hidden due to its orientation, Our obscrvations
together with previous kinematic and Spectroscopic oncs,
clearly show that high-ionization gas is being cjected from
the nuclei of NGC 1365 and 7582 with 2 cone=shaped
geometry.

We have used the far-infrared luminosity of both galaxics
to show that the dust in the nuclear region is exposed to more
continuum radiation than that directly observed, thus favour-
ing beaming and/or partial obscuration of the radiation ficfd.

Our work gives further support to the ‘unificd AGN
models” proposed in previous studics in which clongated
emission structures of high-excitation gas were found in the
nuclear region of some Seyfert galaxies. In particular, our

observations of NGC 1365 and 7582 add new data on
objects with anisotropic radiation ficlds and are clear
examples of a cone-shaped geomerry, favouring modcls with
radiation beaming and gas outflow that could be accelerated
by plasma jets. It would be interesting to cheek the presence
of these jets through high-resolution radio observations of
these galaxies.
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ABSTRACT

We analyze Markarian 50 using ¥ and J CCD frames and IPCS and CCD Spectra, respectively, ob-
tained in June 1985 (low state of activity) and May 1990 (high state), covering the range 3200
A <A<10100 A. The surface brightness profiles derived from the images indicate that we are dealing
with an early type, elliptical or SO galaxy, which is supported by the spectral analysis of the stellar
population. We study the emission properties of the Seyfert 1 nucleus, after subtraction of the stellar
population. In the low state we detect a strong, broad Ha with FWHM ~4500 km s - ', whereas HB is
stronger than [O IN1], 507 by a factor ~2 (in flux). The stellar population is clear by the presence of
Ca 1 H and X, G band, and Mg 1, and its continuum contribution is more than 929% for A > 4000 A. In
the high state Ha broadens to FWHM = 5400 km s ~ !, HS becomes a factor ~7 (in flux) stronger than
[O 111]; 5007, and He I g4 is prominent. The stellar population fractions in the high state continuum

are 48% at 43800 A, 71% at 45000 A, and 82% at 48900 A. Permitted Fe 11 emission has similar
intensities in the high and low states, showing that its formation zone does not coincide with that of the
broad H1and He1 lines, i.e., it is farther than five light years from the central source. The off-nuclear

NOVEMBER ¢

spectra centered at 8” (=5 kpc) have [O ], [O m], [N 1], He, and HB at least in part produced by
radiation from the strong central source, and the stellar population is dominated by a typical red strong-
lined bulge population while the contribution of young components (age <5X10® yr) is ~7% at

A 5870

. The spectral analysis also shows that the point source at 17” northeast of Mk50 is not a

companion, but a foreground star of spectral type K7V-MOV.

1. INTRODUCTION

Seyfert nuclei occur in a wide range of morphological
types, but they are seldom seen in early type galaxies (Ad-
ams 1977). They appear quite often in pairs and/or in inter-
acting systems (Dahari 1984). Markarian 50 is a Seyfert 1
nucleus (Sargent 1970; Weedman 1976) with evidence of
having a host galaxy of elliptical type with an extended halo
elongated in the north—south direction (Adams 1977). A
compact object lies at 17" north—east, but it does not seem to
cause isophotal distortions in Mk50 (Dahari 1984). U, B,
and ¥ photoelectric photometry indicates variability of the
Seyfert nucleus (Penfold 1979).

In this paper we report results obtained from spectropho-
tometry and surface photometry of Mk50. Using this data
we study the surface brightness distribution and the nature
of the stellar population, as well as the properties of the emit-
ting gas. In particular we infer on the nature of the host
galaxy and the nearby point source. In Sec. 2 we describe the
observations. In Secs. 3 and 4 we analyze the photometric
and spectrophotometric data. In Sec. 5 we discuss the stellar-
subtracted emission spectra, and finally the concluding re-
marks are given in Sec. 6.

2. OBSERVATIONS

VandI CCDimages were obtained with the 1.0 m Jacobus
Kapteyn Telescope at Roque de Los Muchachos, Canary
Islands, Spain, in January 1986. The pixel size at the Casse-
grain focus corresponds to 0.414” with the RCA SID 501
detector. Photometric standard stars from Landolt’s list
(1983) were observed to flux calibrate the data. A standard
reduction procedure was used for the CCD imaging. Spec-
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trophotometric observations in the range 3200~7000 A with
~4 A (FWHM) resolution were carried out with the IPCS
detector attached to the Cassegrain focus of the 2.5 m Isaac
Newton Telescope at the same observatory on 16 June 1985.
The pixel size is 1.8” and a long slit was set at P.A. = 45° in
order to obtain simultaneously spectra of the galaxy and the
stellar object located at =~ 17" northeast of the nucleus. The
slit width was 2” and the seeing was comparable. Standard
photometric stars were observed in order to flux calibrate
thespectra. The nuclear spectrum was obtained summing up
the central 4 pixels, and the off-nuclear spectrum corre-
sponds to an average of three pixels on each side of the nu-
cleus centered at R~8". Assuming throughout this paper
Hy =55 kms~'Mpc~!, the central region covers
0<R<2.2 kpc, and the external region 3.5<R<6.7 kpc. Ad-
ditional spectra in the range 3200-10 100 A with ~15 A
resolution have been taken at the ESO La Silla 1.5 m tele-
scope with the high resolution RCA CCD No. 13 attached to
the Boller and Chivens spectrograph on 21 May 1990. The
slit was set in the east-west direction and extractions were
made similarly to those of the IPCS frame.

3. SURFACE PHOTOMETRY
3.1 Luminosity Profiles

As quoted by Adams (1977) this galaxy could be one of
the very few Seyfert nucleus in an elliptical galaxy. Its flux
density at 1415 MHz is <4.0 mJy (Wilson & Meurs 1982)
so it cannot be classified as a broad-line radio galaxy (Oster-
brock 1988). Mk50 appears in the ¥ and [ isophotal maps
[Figs. 1(a) and 1(b)] with a main body surrounded by 2

© 1991 Am. Astron. Soc. 1090
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FiG. 1. (a) and (b) Vand I CCD images of Mk50; (c) and
(d) the R '”* law fitting to the observed profiles.
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diffuse structure elongated in the north-south direction. The
ellipticity e = 0.80 was measured fitting ellipses to the exter-
nal isophotes. From the magnitude curve of growth we de-
rive total apparent magnitudes ¥'=15.1 and I =13.8. The
absolute magnitudes M, = —20.50 and M, = — 21.84
and major diameter D=23 kpc have been calculated using
the radial velocity (Sec. 4) Vg = 6910km s~ ". Radial lumi-
nosity profiles were elliptically averaged (Boronson 1981)
and a least-squares fit to the averaged ¥ and I profiles was
applied using a de Vaucouleurs  function
u=p, +8325X [(R/R,)"* —1] for the bulge and an
exponential disk = o + 1.0857XaR (Freeman 1970).
The Bulge range was defined outside the central 3 arcsec in
order to avoid the contamination from the central stellarlike
source. After several iterations the fitting program found
convergence for the following Bulge parameters: effective
surface brightness ¥, = 19.6, 1, = 19.1and effective radius,
inkpe, R, (V) = 1.5, R (]) = 2.1

These bulge parameters are comparable to those observed
in elliptical and lenticular galaxies (Simien & de Vaucou-
leurs 1986; Mediavilla et al. 1989). Fitting the luminosity
profiles with a pure exponential disk component proved to
be very unsatisfactory, and in Figs. 1(c) and 1(d) wepresent
the luminosity profiles fitted by the R '/* law (continuous
lines). The averaged V profile is less smooth than that of /,
presenting small departures from the R #]aw, in the form of
bumps, which might be caused by recent star formation (see
below).

3.2 Color Index

The behavior of the color index (V' — 1) as a function of
distance from the cenier up o R = 3 Kpcis illusirated o Tig.
2, showing a red gradient for the lower envelope with in-
creasing radius, and two conspicuous bumps at R=3.5and
6.5 kpc about 0.2 mag bluer than the underlying red stellar
population color. Comparing the ¥ and I maps (Fig. 1) we
cannot see knots or spots that would evince the existence of
localized bluer regions. So the two bumps represent theaver-
aged color of the stellar population in two particular annuli.
The luminosity profiles can be fitted by the R 174 1aw indicat-
ing that up to R~ 10 kpc the dominant component is a typi-
cal bulge. The lower envelope indicates that the underlying

0.8 ———r— : e e
.

1.0

(v-1)

1.8 bt : l .

0.0 1.6 3. 6.4 8.0
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FIG. 2. (¥ — I} color index. Notice the two blueish bumps superimposed
on a red substract.
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population has (¥ — I) 1.5, compatible with the color of
one dominated by an old component (age~ 10'° yr) with a
metallicity (Z/Z) = + 0.3 (seeSec. 5). In the same way
we can interpret the (¥ — I) color of the bumps as a mixture
of a dominant underlying E2 template spectrum with a con-
tribution of about 1% inmass (~20% influxat4 5870 A ) of

a burst of star formation age-centered at ~ 10® years (Bica ef
al. 1990).

3.3 Interpretation

The two principal results from the surface photometry are
(a) the V'and I profiles are well fit by a de Vaucouleurs law,
which implies that Mk50 is an elliptical galaxy. However the
Vscalelength R, (V) = 1.5 kpc results =~25% smaller than
that in I. (b) the (¥—=1) color profile grows redder with
radius and has two blue bumps (rings ?7) on it. Ellipticals
generally grow bluer with radius, whereas Mk50 grows red-
der. This fact together with the bumps indicates that the star

formation history in this galaxy has not been normal. The
star formation is strong enough to be detected in the (Vv—-on
color index, but not to destroy the overall de Vaucouleurs
profiles. It does disturb the ¥ profile by shortening its scale
length. Indeed models of starbursts superimposed on old
populations indicate that ¥ flux changes are larger than
those in I for the resulting composite population (Bica ez al.
1990).

We conclude that Mk50 is an extreme case of elliptical
galaxies which has had gas supply for star formation. Even
normal ellipticals, when observed in detailed Ha imaging,
have revealed the presence of extended gas (Kim 1989).

4. SPECTROPHOTOMETRY

The nuclear and off-nuclear spectra were rebinned to the
rest frame with ¥, = 6910 km s, and have been corrected
for a foreground reddening with E(B — ¥) = 0.025, based
on data in de Vaucouleurs (1976), Sandage & Tammann
(1981), and Burstein & Heiles (1984). The nuclear spectra
obtained in 1985 and in 1990 are plotted in Fig. 3(a) in
which the 1990 spectrum has been displaced three flux units
upwards for clarity reasons. In Table 1 we give a selection of
continuum points relative to 1 5870 A, which shows striking
differences between the two epochs. It is clear that the first
spectrum was taken when Mk50 was in a low state of activ-
ity, in which the underlying stellar population absorption
lines can readily be seen (e.g., Ca 11 H and K, Gband, Mg 1,
and Na1). The 1990 nuclear spectrum represents a high
state of activity, in which the broad components of the
Balmer lines and the steep rise to the blue are very conspicu-
ous. Stellar population features are completely drowned in
the emission. The off-nuclear spectra taken in 1985 and 1990
are very similar, thus we have averaged them out to produce
a spectrum with a better signal-to-noise ratio.

In this section we study the stellar population of Mk50
using the 1985 low-state nuclear spectrum and the off-nu-
clear average spectrum. The emission lines and the spectral
variation which occured between 1985 and 1990 will be stud-
ied in Sec. 5.

4.1 Stellar Population

We analyze the stellar population of the low state nuclear
spectrum and the off-nuclear one. The population synthesis
method described in Bica (1988, and references therein) is
employed. This method uses as base star cluster properties
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Fi1G. 3(a). Mk50 nuclear spectra obtained in 1990 (a) and 1985 (b). Ab-
sorption features from the stellar population are clearly seen in (b). In (a)
the spectrum rises to the blue and the H 1 lines are very conspicuous. The
1990 spectrum has been displaced 3 flux units upwards for clarity reasons.
Ordinate units in 10~ " ergscm~2s-' A=, (b) Fe 11 lines in the region
between Hy and HB have nearly the same intensity in both (high- and low-
state) spectra. Notice that the only significant differences in the overall
shape between 4400<A<4700 A are due to He 1,463 and He 1, ,,,. The
spectra are plotted in scale as in (a), and a constant was added to the low-
state spectrum for ease of visualization.

rather than those of stars, and results are age/metallicity
fractions. Using the same continuum tracing criterium and
window limits for equivalent widths, we have measured the
main absorption line features, which are shown in Table 2.
The synthesis is computed using as base the grid star cluster
properties in Bica & Alloin (1986). The inverse problem is
solved by generation of combinations of these elements at
10% step. Each combination is compared to the observed
equivalent widths and if reproduced within error bars, they

TABLE 1. Continuum points relative to 4 5870 A.

Spectrum 33504 40004 50004 58704 6700A 80004 9000A moon.&_
Nuclear-Low State  1.03 087 1.00 1.00 087 -
Nuclear-High State 1.69 127 .14 1.00 092 074 062 055

Off-Nuclear = 060 09! 100 089

Notes to TABLE |
Continuum absolnte values at A738704 are. respectively 754, 953, and
L37 x 107" erg e~ 571 &' The errors are less than 2%
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TABLE 2. Equivalent widths for the stellar population synthesis.

Feature Call K CNband HS G band Hy  Mgl+MgH
Window(!) 3908-3952 4082-4124 4150-4214 4284-4318 4318-4364 5156-5196
Off-Nuclear  14.5 8.5 39 75 4.6 74
Error Bar 2.0 2.0 2.0 1.2 1.5 1.5
Nuclear 8.0 11.3 6.0 75 - 74
Error Bar 25 13 1.2 2.9 - 15
Notes to TABLE 2

Equivalent Widths in A; Nuclear corresponds to the 1985 low-state
spectrum, and Off-Nuclear to the average spectrum of the runs 1985 and
1990; (1) windows used to measure the Equivalent Widths.

are considered to be a possible solution. The error bars for
each line are given in Table 2, and for each analyzed spec-
trum they indicate the spectral lines which have been effec-
tively used in the respective synthesis. We adopt as a final
result the average of all these solutions after a check if the
individual ones constitute variations of a single family of

results. The typical dispersion of the flux fractions in the
average solution is =~ 10%. The ratio number of solutions
with respect to number of generated combinations [see Ta-
bles 3(a) and 3(b) and discussions below] resulted ~0.5%
in both nuclear and off-nuclear models. Although this 1s not
as ‘‘unique” as the syntheses in Bica (1988) it is still very
significant. The reason why the same level of “uniqueness’ is
not reached is because we are dealing with a lower signal-to-
noise ratio in the present spectra and furthermore we do not
dispose of the near infrared Ca 11 triplet owing to emission
contamination.

We use chemical enrichment paths as those in Bica
(1988), i.e., all the enrichment takes place in the old age bin
and the metallicity is assumed to be constant for < 5Xx 15°
yr. We have tested different paths with maximum (Z /Zg)
attaining, respectively, — 0.5,0.0 (solar), + 0.3,and + 0.6
dex. The solution well for the nuclear and off-nuclear spectra
resulted tobe + 0.3, although solutions are as well found for
solar metallicity, which suggests that the more appropriate
“average” maximum metallicity should be around + 0.2
dex. Nine elements were used in the calculations, which are
shown in Tables 3(a) and 3(b), respectively, for the nuclear
and off-nuclear spectra. The nine elements at 10% step gen-
erate 43 758 combinations. In the nuclear case we get 240
solutions, and in the off-nuclear one 215. This means that
only 0.55% and only 0.49% of the generated combinations

TABLE 3(a). Low-state nuclear spectrum.

7 8 8 9 t] 10 Z
HIER 107 10° 5x10° 10° 5x10° >10° (£]

7.9 6.7 5.0 7.6 18.0 23.2 271 +0.3
2.5 -1.0
2.0 -2.0

Notes to TABLE 3(a)
Combinations : 43758; Solutions : 240
Average line residuals (A) : A(Call K)=-2.1, A(CN)=3.2, A(G)=1.7,
A(Mgl+MgH)=1.0, A(HS)=-0.1. The results are expressed as percentage
Bux fractions at AS870A.

TABLE 3(b). Off-nuclear spectrum.

HII R 7 s s 9 9 10
107 10®° 5x108 10° 5x10° >10 [243-]

15 30 01 15 8.0 371 234 +0.3
168  -1.0
—_— 8.6 2.0

Notes to TABLE 3(b)
Combinations : 43758: Solutions : 215
Average line residuals (A): A(Call K)=1.1, A{(CN)=- 1.1, A(G)=0.03.
MMEL+MgH)=0.7, A(HS)=- 1.3, A(Hy)=0.7
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are solutions, which is a safe indication of the uniqueness
degree of the result. With respect to the Balmer lines in the
nuclear spectrum only HS was used and in the off-nuclear
one only HS and Hy were used in the computations, because
they were estimated not to be significantly contaminated by
emission. The residuals of each line are also indicated in Ta-
bles 3(a) and 3(b). In the computations a featureless contin-
uum from real H 11 regions is used as the youngest grid ele-
ment. It acts as a dilution of absorption features in the
computations. In the case of the low state nuclear spectrum
it represents in first order a possible mixture of present star
formation plus a power-law component. Indeed Table 3(a)
shows that this contribution is only ~8% of continuum at
A 5870 A. Inthe highstate (see below) the same contribution
increases to ~20%.

The grid computations in Tables 3(a) and 3 (b) are visua-
lized by adding star cluster spectra with ages and metallici-
ties as near as possible as those in the path. Weused G 5, G 3,
andG1,72,and/1,Y4,Y3,and Y1, and R H 11 from Bica
(1988). This procedure is illustrated in Fig. 4 for the 1985
low-state nuclear spectrum. The synthesis computations are

reddening independent because they use only equivalent
widths. An internal reddening estimation is possible com-
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paring the observed spectrum to the synthesized one. We
obtain E(B —¥), =040, suggesting an important dust
content affecting the stellar population in the nucleus. For
the off-nuclear spectrum no internal reddening correction is
necessary. It would be important to study this galaxy in the
infrared to search for dust emission.

4.2 The Neighboring Compact Object

The absence of Doppler shifts in the absorption line spec-
trum of this object indicates that it is a foreground star. We
have compared it with a series of stars in the Gunn & Stryker
(1983) Library and found that its spectral type lies between a
K7V (HD151288) and an MOV (GC 15A). The spectra
superimpose very well once the compact object’s spectrum is
reddening corrected with E(B — ¥) = 0.05, which is consis-
tent with the foreground excess adopted for the galaxy. -

5. THE EMISSION SPECTRA

The intensity and FWHM of the emission lines in the stel-
lar-free nuclear spectra have been measured fitting gaussians
to the observed profiles and are listed in Table 4. We have
deconvolved the emission lines in the IPCS spectrum with a
gaussian with FWHM =4 A. Below we comment on the
main characteristics of each spectrum.

5.1 The 1985 Low-State Spectrum

We have found two components for Ha whereas only a
broad component was found in HB. The narrow component
of Ha contributes with about 7% to the total Ha flux, and if
we expect recombinations as the main mechanism for
Balmer line formation, HS narrow should be undistingui-
shable from the noise. Other noticeable spectral features are
[FeV 1], ..., and several Fe 11 blends around A 4570 and
45200 A. We have compared the HB/ [O 111] , 505, ratio in
our spectrum with that of Morris & Ward (1988) taken a
year before. We conclude that HB has decreased a factor 3in
this period. It is interesting to point out that in this galaxy
Penfold (1979) detected variation in his U-band photome-

TABLE 4. Nuclear emission-line parameters.

Markarian50(1983) Markarian50(1990)

Line Ao FWHM  Flux  FWHM Flux
[o11) 3727 1070  26.6%2.5 — —
[FeV]+Hell 3706  — - 945 20.643.0
He+[Nelll] 3968  — — 3110 118.4+10.0
16 1101 1240 264+ 1.2 4210 229.4+140
Hy 1340 1330 2424 1.8 3785  334.4+20.0
[OIH] 4363 1323 32.5+18 @ — —
Hell 4686 - — 1750 20.5+2.2
(HB)s 4861 4500 202.3+£15.0 5350  666.1:35.0
(HB)n 4861 — - 1600 105.1+£10.0
[O1H) 4959 917  343%30 1350  34.3:3.0
(O 5007 908 1041+ 3.0 1335  104.1+8.5
Hel 5876  — — 6320  168.5+15.0
[FeVil] 6087 1140 269+8.0 623 9.5+1.0
[o1) 6300 830  21.2+30 — —
[NI] 6548 1372 34930 1870  110.4+20.0
(Ha)s 6563 4510 377.0£36.0 5360  1347.0490.0
(Ha)y  .6563 639  38.9+35.0 1592  390.0+16.0
INH} 6584 1364 1046+5.0 1860  331.6+20.0

Notes to TABLE 4
Line measurements after stellar population subtraction; B and N refer
respectively to the broad and narrow components: The lines have becn de-
convolved with a ganssian with FWHM=4A; Fluxes in 106 erg cm~2 s~
FWHN in kins™"; Errors in line fluxes are estimated according to the noise
leve) around each line.

Ly

try larger than 0.8 mag. The analyses above indicate that in
June 1985 [Fig. 3(a) ] Mk50 was in a quiet phase of activity,
as denoted by the prominent stellar population and the
weakness of the broad permitted lines and the almost ab-
sence of a non-stellar continuum.

J.2 The 1990 High-State Spectrum

The 1990 spectrum shows a remarkable development of
the H1 Balmer lines: Hy and H$ are strong and broad
(FWHM > 3700 kms~'), and HF almost completely
drowns [OI],,s. Also present is a broad
(FWHM~6300 kms~') Hel, sa76+_ 1he continuum pre-
sents a steep rise blueward of A 4000 A characteristic of the
UV bump seen in most Seyfert 1’s.

The stellar population contribution in this high state leve]
was estimated as follows. We have scaled the {O111] lines
between the high and low state spectra, because narrow line
components are not expected to vary significantly in only 5
yr [Fig. 3(a)]. Taking as reference the synthetic stellar pop-
ulation spectrum for the low-state (Sec. 4.7) we conclude
that the stellar component is responsible for 48% at A4 3800
A, 71% at A 5000 A, and 82% at A 8900 A of the observed
continuum.

After subtraction of the stellar population we made the
measurements of the emission lines as in Sec. 5./ and the
results are listed in Table 4.

The variation occurred between 1985 and 1990 is best vi-
sualized in the difference spectrum (1990-1985) shown in
Fig. 5. The main features of this spectrum are the prominent
H 1lines, strong He 1, 55,6 and He 11, ,¢46, and the apparently
complete disappearance of forbidden lines. An excess is ob-
served for 4 <4000 A, and the Fe 11 lines are completely
cancelled out by the subtraction. In Fig. 3(b) we show in
rnore detail the region where Fe 11 lines are in general stron-
gest in Seyferts and QSOs (Phillips 1978). This spectral re-
gion, which corresponds to the Fe 11 multiplets 37, 38, and
43, is very similar in Mk50 to those in the objects in his Fig. 3.
The high and low-state spectra are plotted in scale as in Fig.
3(a) (normalized to the same [O 111] ; 4950 5007 flux), only a
constant was added to the low-state spectrum for a better
visualization. We conclude that the Fe 11 is very similar in

Ha
HB

H¢

He
Hel

FX(IO_'eerg cm'zs'lzfl)
o

LIDEY
USRS
RMdARE

6000 690C

5100
A (A)

-2 " " L "
3300 4200
F1G. 5. The difference of the 1990 high state and the 1985 low-state

spectra. Forbidden lines and Fe 11 lines are cancelled out. Ordinate units
as in Fig. 3.
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TaBLE 5. Off-nuclear emission-line parameters.

Line Ao FWHM  Flux
[o1]]) 3727 890  16.2+5.0
Hg 4861 1110 9.3%+1.0
[o11]] 4959 1300  3.1+0.3
(9218 5007 1300  9.3+0.3
[NII) 6548 1120  8.9+1.0
Ha 6563 1120 19.7£1.0
[NII] 6584 1120 26.7+1.0
[SI]  6717+6731 1265 13.741.1

Notes to TABLE §
Fluxes measured on the off-nuclear average spec-
trum, after the stellar population subtraction; units
as in Table 4.

both cases, the only difference in the region appears to be due
to the presence of He 1, ,,,, and He 11, ;. in the high-state
spectrum. This suggests that in Mk50, Fe 11 originates closer
to the narrow lineregion rather than in the broad line region.
It would be interesting to observe MkS50 in higher dispersion
in order to check the profiles of individual Fe 11 lines.

The change in the Ha luminosity amounts to
AL(Ha) = (5.36 + 0.5) X 10 ergs s .

5.3 The Off-Nuclear Spectrum

Emission lines have also been detected in the off-nuclear
spectrum (3.5 < R < 6.5 kpc). After subtraction of the ap-
propriate template for the stellar population we measured
theemission line fluxes which are listed in Table S. The emis-
sion lines in the subtracted spectrum resemble those of an
AGN rather than a typical H 11 region. In fact, line-ratios
plotted in the BPT diagrams (Baldwin ez al. 1981) fall in the
region of spectra ionized by a power law. Although there is
evidence of a rather old burst of star formation (=~ 108 yr,
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Sec. 3.2) the gas in this region seems to be ionized mostly by
the nuclear source.

6. CONCLUSIONS

The main conclusions of this work can be summarized as
follows:

(a) The V'and I luminosity profiles are fitted by the R /*
law; there is no evidence of a disk structure; the underlying
stellar population hasa (¥ — 1) colorindex similar to that of
an elliptical or SO nucleus; and there is a small contribution
of blue light, possibly from a burst of star formation of age
approximately 10° yr; the star formation is strong enough to
be detected in the (¥ — I) color, but not to destroy the over-
all de Vaucouleurs profiles.

(b) As for the underlying stellar population, we found
that the stellar component is typical of a red strong-lined
bulge population with a contribution from young compo-
nents (age < 5X 10*yr) of ~8% at 1 5800 A. This red stel-
lar population is dominant out to 8 kpc.

(c) In the period 1985-1990 Mk50 changed remarkably
its nuclear spectrum; HB becomes a factor ~ 7 stronger than
[O 111] 5007, and Helium lines develop notably; the change
in the Ha luminosity amounts to =~5X 10* ergs s~ .

(d) Mk50 has a ratio mass of neutral gas to blue luminosi-
ty (A y/Lp) of 0.11 (Mirabel & Wilson 1984). This s larg-
er than the ratio observed in typical elliptical galaxies, which
the above authors found to be 0.01. On the other hand the V
and I luminosity profiles, integrated color index (¥ — I),
and the stellar population are all consistent with those of an
elliptical galaxy with some recent star formation superim-
posed.

We have also shown that a point source near to the nu-
cleus is in fact a foreground star, of spectral type between
K7V and MOV.

This work has been partially supported by the Brazilian
institution CNPq.
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