Introduccion a Los Nucleos Galacticos Activos

Material de:

SIScl (HST), Chandra, muchos homepage de otros individual’s
(Brad Petersen, Bill Keel, y otros)

DONT PANIC cConecep.,2004



Resumen

o Nucleos Activos verso Nucleos quietos
o Acreciente in agujero negro (physicos basicos)

o ‘Esquema unificado de AGN' - the AGN  zoo

o Agujero Negros: ubicuidad y escalamiento
e Estimar la masa del agujero negro
e Super-unificados’

o [n el principio : agujero negros de alto redshift

o Resumen finale

Semana Siguente: Secret Active' Lives of Nearby ‘Normal' Galaxies
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e “Quietos”: motor relacionado de la formacion
de la estrella

e Estrellas jovenes y viejas; gas y polvo
e Supernovae (SN) y remanante de la SN

e Otros productos remanante, e.g. Binario

X-ray

e “Activos” : a mucha actividad a ser el antedicho

R0

PRCO00-20 + Space Talescope Science Institute + NASA and The Hubble Heritage Team (STScl/AURA)

e Fuentes luminosas compactas de [a |

Quasar 3C 273 HST « WFPC2, ACS

emision

e Jets y Outflows (comedores sucios)

e (Creido para ser accionado por un
‘supermasssive' agujeros negros

WFPC2 ACS/HRC

“

NASA, A. Martel (JHU), the ACS Science Team, J. Bahcall {IAS) and ESA

STScl-PRCO3-03




Active vs. Normal Galaxies
(continuum)

Galaxies
All }eﬁ are  created equdl,

But some are more eél/ﬁg?j ®than others

George Orwell, “Animal Farm”
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Importante:
Ahora nos estamos desviando a las galaxies “normales”
galaxi

Medir la masa del agujero negro (masa oscura)
(cualquier coleccion de objectos mas pequenos se derrumbara

dentro de un ‘tiempo Hubble')

Razones de favorecer presencia del agujero nero:
__ Energia mas de 10°-10" erg/s de un area menos de 1pc
___ chorro relativistica el extender mas alla de 10Rpc
__ afluencia del gas que desaparece (?)
__ grande (relativista) velocidades de rotatcion
No sabemos ningun otro proceso fisico que pueda crear estos efectos
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Flux [Jansky x 1077]
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Near-IR Flare from Galactic Centre (VLT YEPUN + NACO)

ESO PR Photo 29a/03 (29 October 2003 )

©European Southern Observatory

Sgras, June 20 2003
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Sgr A : rotating (a > 0.5) black fole?
radio, IR, X-ray quasi-periodic (17min))
flares. Higher than orbital frequency of

innermost orbit of a non-rotating BH.
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LSR Welocity (km s 3
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Galaxy M84 Nucleus

WFPGZ
Hubble Space Telescope STIS

PRCET-12 BT Sl QPO « Wy 12, 1007 « B, Woodgshs (GEFC), G Bowar Q80| and NASA



NGC 3115 Major Axis
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Hubble Black Hole Measurements: Two Methods
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HGC 5548 Light Curves and Croas-Carrelation Functions
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Black Hole Mass Scales with Galaxy Size

Ground HST Black Hole Mass

2 billign suns

200 million suns

Correlation Between Black Hole Mass
and Bulge Mass
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Shields et al. 2003: anchura de la linea
estrecha escalas con Sc
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Estimating AGN Black Hole Masses (from B. Peterson)

Phenomenon:;

Primary
Methods:

Fundamental
Empirical
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Merloni, Heinz & DiMatteo 2003
(similar resultsin Falcke et al. 2003)
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THE MILKY WAY
( Detail )




AGN e Galaxia a alto-redshift

Hubble campo ultra ve
profundo (HUDF): " i

galaxiaa z >3 (7-8?) "

SDSS: AGNa z > 6.5 Mdn

(1ol => galviaaz 92, " o el

primeras estellas: remanents
de 100--200 M agujero negros



SMBH in highest redshift quasar (z=6.4)

Willott et al. (2003)
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FWHM(MgID)=5500km/s M, .=2E9 M
FWHM(CIV)=9000km/s

M, =6E9 M
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Three Ways to Grow a Black Hole

Primordial collapse of a bulge

1. Primerdial hydregen eleud 2. Infalling gas feeds the hele with 3. Collapse yields a giant elliptical
collapses around small more mass and lorma stars. galaxy. Black hole growth stops.
‘seed’ black hole.

Galaxy collisions

1. Twe disk galaxies with central 2. The galaxies collide, and their 3. The merger yields a giant
black holes fall toward each oiher, cores I:=E|in o merge ::Ir,'ng with elliptical g;\h!y with & ceniral
their black holes, black hole thal has grown

,;YJ

proportionally more massive.

Pseudo bulge

1. Pure dizk galaxy forms with, i sk gas falls into center of 3. As pseudo bulge grows, a

at mosl, a seed black hole. galaxy and grows a pseudo bulge black hole is creat-:--?and its
which looks like a primordial hnlgu mass increases with that of
but really s part of the disk. the pseuds bulge.




M87: sub-pc to Rpc

LINER / FR I

Nucleo + chorro

Radio “blobs”
<0.03c

optical “blobs”:
superluminal

Collimacion de chorro:
< 100 9{5

. 6 r r— D.D].pc

Junor et al. 1999



Agol, Falckeet dl.




Resumen

e [0s agujeros negros de acrecentamiento son ubicuos.
e Fuerte AGN: la alta energia

o Galaxia normale : la oscura masa nucleare.

e  Muchos nombres y tipos. Estamos mas cercanos ahora a un modelo
fisico de la unificacion: Mg rof OTientacion, accretion rate, spin.

e  Necesitamos todos los regimenes de la longitud de onda.

e [La evolucion de una galaxia y su agujero negro es ‘coeval’ y comenzado

en el alto redshift.

e (Con los telescopios sensibles nuevos, y los leyes confiables del
escalamiento, podemos ahora alcanzar redshifts muy altos
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Formation of extragalactic jets
from black hole accretion disk

Extragalactic
jet

field lines

Accretion
disk



