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Introducción
Galaxias

Galaxia: cuerpo en el que se agrupan estrellas, gas y polvo.

Diámetros de ∼ 103 − 105 pc
107 − 1014 estrellas
Existen ∼ 1011 galaxias en el Universo observable.
Clasificación por su morfoloǵıa, espectro. . .
La astronoḿıa actual observa en todo el espectro

En el óptico (4000− 7500 Å) (emisión térmica)
En rayos X (1− 50 Å) (fenómenos muy energéticos)
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Introducción
Núcleos Galácticos Activos (AGNs)

En un porcentaje de las galaxias. . .
Núcleo puntual muy brillante
Fuertes ĺıneas de emisión ópticas
Algunas ĺıneas anormalmente anchas:
(FWHM & 1.000 km s−1)
Fuerte emisión en todo el espectro

 Seyfert 1; Seyfert 2; Cuásar; LINER; etc

Familia muy numerosa de objetos “raros”

Caracteŕısticas comunes: cuerpo compacto (. 1 pc) y que
emite una incréıble enerǵıa

 Agujero Negro Supermasivo (SMBH)
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Introducción
Núcleos Galácticos Activos (AGNs)

Modelo estándar de AGNs:

Disco de acreción (AD)

Región de Ĺıneas Anchas
(BLR)

Región de Ĺıneas Estrechas
(NLR)
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Introducción
Núcleos Galácticos Activos (AGNs)

En rayos X:

Cont́ınuo: ley de potencias L(E) ∝ E−Γ

Ĺıneas de emisión: Kα del Fe (6.4 keV)

Oscurecimiento por el toro

Caracterización de AGNs:

Por su luminosidad: LX & 1042 erg s−1 ⇒ AGN

Cociente entre el flujo en rayos X frente al flujo óptico: X/O

Hardness Ratio: H−S
H+S

FWHM de la ĺınea Hβ (λ = 4861 Å)

Diagrama de Baldwin-Phillips-Terlevich (BPT)
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Introducción
Diagrama BPT

1560 B. Groves, T. M. Heckman and G. Kauffmann

2005). Gas-phase metallicity is known to be strongly correlated with
stellar mass (Tremonti et al. 2004). If AGN are predominantly found
in massive, bulge-dominated galaxies that have processed most of
their gas into stars by the present epoch, it may not be too surprising
that the inferred metallicities are almost always high.

Although these conditions may hold at the present epoch, it is
interesting to speculate whether the host galaxies of AGN might be
considerably different at higher redshifts. For example, in the models
of Kauffmann & Haehnelt (2000) the typical gas fractions in AGN
hosts are expected to evolve from 5 to 10 per cent at the present day,
to ∼20 per cent at z = 1 and ∼50 per cent at z ∼ 2. Even if high-
redshift AGN reside in massive galaxies, the gas-phase metallicities
of their hosts might still be expected to be lower than those at the
present day.

In this paper, we explore these questions by using photoionization
models to examine the effects that a variation in metallicity would
have upon the narrow emission lines from an AGN. We ask whether
there are particular emission-line diagnostics that are most useful
for identifying AGN with low-metallicity gas. Using the models as a
guide, we then search for low-metallicity AGN in the Sloan Digital
Sky Survey (SDSS). The SDSS provides high-quality spectra from
which we can measure both the host galaxy and the emission-line
properties of a very large sample of nearby AGN, so it is an ideal
data base for searching for rare cases of low-metallicity AGN in the
nearby Universe. Finally, we discuss the implications of our results
for searches for low-metallicity AGN at higher redshifts.

2 NA R ROW- L I N E R E G I O N S A N D L OW
M E TA L L I C I T Y

The use of nebular emission lines produced in H II regions to infer
the gas-phase abundances of extragalactic objects has a long history
(e.g. Aller 1942). Once understanding grew of the nuclear emission
from AGN it was not long before the use of emission lines as abun-
dance diagnostics was extended to these objects (e.g. Davidson &
Netzer 1979; Storchi Bergmann & Pastoriza 1989).

There is a good understanding of the ionizing sources in H II

regions (the O & B stars) and photoionization models to treat the
physics of these regions are quite well-developed. As a result, the
correlation of emission line ratios with abundances in star-forming
regions is reasonably well understood. Recent papers by Charlot
& Longhetti (2001) and Kewley & Dopita (2002) have provided
calibrated relationships between gas-phase oxygen abundance and
combinations of strong emission lines that are observable at optical
wavelengths.

For AGN, the situation is markedly different. The ionizing source
is not as well understood, and has a much greater range in luminos-
ity. The ionizing spectrum is also harder than that produced by stars,
and shocks are also more likely to contribute to the ionization state.
Although recent theoretical models (Baldwin et al. 1995; Groves,
Dopita & Sutherland 2004a) have helped clarify some of the ioniza-
tion structure; however, considerable uncertainties still exist. Many
AGN show both broad- and narrow-line emission, and the ioniza-
tion conditions in both the broad and narrow emission-line regions
show strong variations between different AGN.

Both the broad and the narrow emission lines can be used to esti-
mate gas phase abundances. The broad-line region (BLR) samples
the gas closer to the nucleus. However, these emission lines are only
seen in Type 1 AGN, and the strong emission lines used for abun-
dance analysis are only found in the UV. As a result, abundance
analysis is restricted to high-redshift AGN or to objects with UV
observations from space (see e.g. Hamann & Ferland 1999).

The narrow-line regions (NLR) of AGN are more readily observ-
able. Their greater spatial extent means that they are less likely to be
obscured. The NLR also produces strong optical emission lines from
several species. The physics of the NLR is also simpler than that of
the BLR; the physical conditions are in fact similar to H II regions,
so that many of the metallicity-sensitive emission line ratios that are
routinely applied to star-forming galaxies are also good diagnostics
in the NLR. Storchi-Bergmann et al. (1998) have calibrated sev-
eral of these emission line ratios for nearby AGN, using H II region
determined metallicities and photoionization models. The similar-
ity between the NLR and the H II regions in a galaxy also leads to
ambiguities when estimating abundances. Unless spatially resolved
observations can be obtained, it is often difficult to disentangle the
contributions to the emission-line spectrum from the NLR and from
star-forming regions within the galaxy.

Fig. 1 shows one of the standard line ratio diagrams (Baldwin,
Phillips & Terlevich 1981) used to distinguish star-forming galax-
ies, Seyfert 2 galaxies (or AGN NLRs) and low-ionization nuclear
emission-line region (LINER) galaxies. A detailed description of
the location of these different classes of object in the different line
ratio diagrams and the criteria that define our classification system
have been given in a recent paper by Kewley et al. (2006).

In this particular diagram, the emission-line galaxies are dis-
tributed in V-shaped morphology, with the star-forming galaxies lo-
cated in the left-hand branch and the AGN in the right-hand branch.
The AGN branch actually consists of two classes of object, the
Seyfert 2 galaxies and the LINERs (Kewley et al., in preparation).

The distribution of the star-forming galaxies along the hor-
izontal [N II]λ6584 Å/Hα axis is strongly correlated with the
metallicity within the star-forming region and the mass of the
galaxy; both increase with increasing [N II]/Hα. The vertical axis of
[O III]λ5007 Å/Hβ is associated with the average ionization state
and temperature of the photoionized gas in the emission-line galaxy.
AGN are offset from the star-forming galaxies on this axis because
of their much harder ionizing spectrum. Those objects, which lie at
the extremities of the AGN branch, are ‘pure’ AGN. As the con-
tribution of star formation to the emission-line spectrum increases,
the strength of [O III]/Hβ decreases. This AGN–starburst mixing
sequence culminates at the fulcrum of the V, where star-forming

Star-forming

Galaxies

Seyfert Galaxies

LINERs

Figure 1. The Baldwin et al. (1981) emission line ratio diagnostic diagram
of [N II]λ6584 Å/Hα versus [O III]λ5007 Å/Hβ is plotted for SDSS emission-
line galaxies. Star-forming galaxies are shown in green, Seyfert 2s in blue
and LINERs in red. The two different curves used to separate AGN and star
bursts are indicated by the solid curve (Kauffmann separator) and the dashed
curve (Kewley separator).

C© 2006 The Authors. Journal compilation C© 2006 RAS, MNRAS 371, 1559–1569

Corteśıa de Groves &
Kauffmann (2006)

[OIII] λ5007 / Hβ λ4861
[NII] λ6584 / Hα λ6563

Kauffmann: log [OIII]/Hβ =
0.61

log [NII]/Hα− 0.05
+ 1.3
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Observaciones y método de trabajo
Cartografiados utilizados

6dFGS (Six-Degree Field Galaxy Survey)

Cartografiado óptico con observa-
ciones de galaxias cercanas

Utilizando el UK Schmidt Telescope
(UKST)

Imágenes y espectros ópticos

125.000 galaxias (2009)

2XMMi (XMM-Newton)

Cartografiado de fuentes de rayos X

Telescopio espacial (ESA)

Imágenes y espectros en rayos X

260.000 fuentes (hasta 2009)
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Observaciones y método de trabajo
Construcción de la muestra

Se han cruzado las detecciones de ambos cartografiados. . .

=⇒ 83 fuentes

Propiedades ópticas

Magnitud en R

Espectros 4000− 7500 Å

Imágenes con filtro R

⇒ Flujos de ĺıneas para el BPT:
Hα,Hβ, [OIII], [NII]

⇒ Perfiles de brillo

Propiedades de rayos X

Flujos en 0.2-12 keV

Espectros

⇒ Luminosidades

⇒ X/O,HR

⇒ Componentes de emisión en
rayos X
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Resultados

10 Galaxias de absorción (A)

LX . 1042 erg s−1

X/O � 0.1

HR negativa o prácticamente nula

 No hay AGNs

Para el resto de galaxias:
• galaxias E
M galaxias E+A
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Resultados

10 galaxias SF por el diagrama BPT

logX/O < −1 (4)

LX = 1040 − 1041 erg s−1

FWHM Hβ < 100 km s−1

3 con espectros en rayos X:
2 con SF (11 y 33%)

HR < 0 o próximos a cero

 Sin AGNs

logX/O > −1 (6)

LX = 1042 − 1043 erg s−1

FWHM Hβ:
200− 500 km s−1 (4)

Sin espectros en rayos X en 3

HR variado

 AGNs de baja luminosidad
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Resultados

63 AGNs por el diagrama BPT

logX/O < −1 (34)

LX = 8·1039−5·1042 erg s−1

FWHM Hβ < 150 km s−1

8 de 22 con SF (10-30%)

Absorción baja (NH < 3 ·
1021 cm−2)

 AGNs de baja luminosidad
+ formación estelar

logX/O > −1 (29)

LX = 1042 − 1044 erg s−1

FWHM Hβ:
100− 1200 km s−1 (4)

Sólo en 2 hay SF (< 1%)

Absorción considerable en 12
(NH ∼ 1022 − 1024 cm−2)

 AGNs (4 Sey 1/QSO)
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Resultados
Candidatos a Narrow Line Seyfert 1 y post-starburst

En 5 galaxias de la muestra. . .

AGNs por el diagrama BPT

X/O > 0.1

LX ∼ 1043 erg s−1

FWHM Hβ :
∼ 400− 1000 km s−1

Γ ∼ 2.3

+ 1 clasificada como SF, pero
sin espectro

 Narrow Line Seyfert 1 (NLS1)

En otras 4 galaxias. . .
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Resultados
Resumen
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Conclusiones

Del análisis de nuestra muestra de 83 galaxias cercanas del car-
tografiado 6dFGS con emisión en rayos X (detectada por XMM-
Newton):

10 (12 %) galaxias A. No presentan indicios de albergar un
AGN

73 (88 %) E y E+A. Utilizando el diagnóstico BPT y X/O:
1 4 galaxias con formación estelar
2 40 AGNs de baja luminosidad junto con formación estelar
3 29 AGNs luminosos

Adicionalmente:

6 candidatos a Narrow Line Seyfert 1

4 galaxias “post-starburst”
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Conclusiones

Que una galaxia presente formación estelar (SF) o un núcleo
galáctico activo (AGN) provoca que ésta exhiba unas propiedades
diferentes, pudiéndose distinguir ambos.

Algunas galaxias clasificadas como SF śı presentan un AGN (de
baja luminosidad).

Todas las clasificadas como AGNs por el BPT muestran evi-
dencias de la presencia de un AGN en su núcleo.

En 12 de ellas hay absorción parcial del continuo en rayos X ⇒
ocultación parcial por el toro de la región de emisión de rayos
X.

∗ Observaciones independientes en ambos cartografiados.

∗ Número escaso de fuentes en algunos “grupos”.

17 / 17


	Introducción
	Galaxias
	Núcleos Galácticos Activos

	Observaciones y método de trabajo
	Cartografiados utilizados

	Resultados
	Galaxias de absorción
	Galaxias SF por el BPT
	Galaxias con AGNs por el BPT
	Candidatas a NLS1 y Post-Starburst
	Resumen

	Conclusiones

