Active Galactic Nuclel (AGN)

Nuclel of galaxies with peculiar properties:

AExtremely bright nuclei

%.\ AVariability

AHigh-Energy (X-/g-ray) emission

*  AEmission lines
‘APolarization
ARelativistic. outflows (jets)
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AGN Variability

Z\W 229-015

Variablility time scales
t ., of a few days.

Causality =>
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(Barth et al. 2011)



Emission Line Spectra

Z\W 229-015
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Reverberation Mapping
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Measuring Black Hole Masses

Reverberation Mapping:

To observer Dt = (R </C) (17 cosq) ~ R/c

Veir ~ (D1 §)¢

Kepler:

Mgy ~ Veir® Reir / G

Reverberation Mapping is the
most reliable method to
measure black-hole masses



Measuring Black Hole Masses

]011) r

The M-s Relation

10° =

The stellar velocity
disperion s in the bulge of
the galaxy is correlated
with the mass of the
central black hole:

10" -

log(M/M,)) ~
4 log(s/200 km s1) + 8

10° | [ I | | |
60 80 100 200 300 400
o(kms™)

(Gueltekin et al. 2009)
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Jets at all Wavelengths

M 87

PUPp——

X-rays + Optical




Evidence for Relativistic Beaming

AFast variability (t,.,, < 1 d)
AHigh-luminosity (L > 1048 erg/s)

Observed in many AGN (blazars)
Assuming a stationary source:

ACausality => R < c t,, ~ 2.6*10% t,, 4 cm

AR must be larger than the Schwarzschild
radius of whatever produces the emission

=>M < R c?/(2G) ~ 8.7*10°t,,,, 4 My
ALuminosity must be smaller than Eddington Limit:

=>| < 1.1*10%t,, 4 erg/s
Elliot-Shapiro Relation




Relativistic Beaming / Boosting

In the co-moving frame In the stationary

of the emission region: (observer 60s)
d=(F1l7i bgosq])?:

Doppler boosting factor

(Lab frame)
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Relativistic Beaming / Boosting




The AGN Zo0o
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AGN Unification

- . :
Seyfert 1 o HE&E‘E" Line
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Strong broad Broad Line
emission lines; Region
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Disk
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Types of radio-loud AGN and
<z AGN Unification

Cyg A (radio)

/// b Radio Galaxy:
v/

Powerful radio lobes at

/'/ /) the end points of the
(e jets, where kinetic jet
4 "/ :

power is dissipated.
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Types of radio-loud AGN and
g AGN Unification

Flat-Spectrum Radio Quasar
or BL Lac object

Emission from the jet pointing
towards us is Doppler boosted
compared to the jet moving in the

ot her directi ot
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S EVAIES

YLA Gem image () NRAD 1996

A Class of AGN consisting of BL. Lac objects and
gamma-ray bright quasars

A Rapidly (often intra-day) variable

A Strong gamma-ray sources

A Radio jets, often with superluminal motion
A Radio and optical polarization
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vE, [Jy Hz]

Blazar Spectral Energy
Distributions (SEDs)

3C66 A 3C279
-1 | | | | | | | | #—4 P1 (June 1991 flare)
- 14
10 F +-¢ P2 (Dec. 92 /dan. 93)
i i # June 2003 { i e
10°F T = Jan. 15, 2006 - ;} f
F 6 : = Feb. 23, 2006 I
7 ]
o =
12 A
10 E ®  Fermi Dark Run E :i
- = Fermi Flare ) -
A MDM: Oct 6,08:24 UT [~ &' =
« MDM: Oct 10,0936 UT| & " B
11
10 F o
C Chandra, Oct. 6%} 3
. PAIRITEL, Oct. 8
2 ¢ VERITAS Dark Run
5w ® VERITAS Flare
1 010 e i 3 v F-Gamma 1:—=
il | | E_of 1 | | 1IN L L
10 12 14 16 18 20 22 24 26 10 10
10 10 10 10 10 10 10 10 10
v [Hz]

ow-energy (probably synchrotron):

Non-thermal spectra with | _
radio-IR-optical(-UV-X-rays)

two broad bumps:
AHigh-energy (X-ray i grays)



v, [Jy Hz]

Blazar Classification

3C279
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(Hartman et al. 2000

10"

Quasars:

Low-frequency
component from radio to
optical/UV,

ng, O ¥ Bz

High-frequency
component from X-rays
to grays, often
dominating total power
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(Abdo et al. 2011)

Low-frequency peaked /
Intermediate BL Lacs
(LBLs/IBLS):

Peak frequencies at
IR/Optical and GeV gamma-
rays,

10 Hz <ng, O

151_|®

Intermediate overall
luminosity

Sometimes g-ray dominated

EF, [Ty Hz]

RGB J0710+591
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0l L ! ! I !
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(Acciari et al. 2009)

High-frequency peaked BL
Lacs (HBLS):

Low-frequency component
from radio to UV/X-rays,

ng, > 10% Hz

often dominating the total
power

High-frequency component
from hard X-rays to high-
energy gamma-rays
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Blazar Variability:
MExampIe: ThemQuasar 3C279
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13.8

13.9

Blazar Variability:

Example: The BL Lac Object 3C66A
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(B” ttcher et al. 2009)

Optical Variability on timescales
of a few hours.
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12700 GeV [em™® s71]

Flux 0.5-5 keV [cgs]

Fx

Blazar Variability:

Variabllity of PKS 2155-304
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(Costamante et al. 2008)

VHE gray and X-ray variability
often closely correlated

I(>200 GeV) [ 10° cm?s™]
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(Aharonian et al. 2007)

VHE gray variability on
time scales as short as a
few minutes!
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Multiwavelength Variabllity

1ES 1959+650 (2002) PKS 1510-089 (2008 - 2009)
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(Krawczynski et al. 2004) (Marscher al. 2010)
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Blazar Models

Relativistic jet outflow with Ga 1 0

InJeCtlc_m’ - Narrow Line h
acceleration of Region c
ultrarelativistic
electrons ] oroad Line n -
Region
4 Jet
=
2| g
qu Accretion 1
Disk

(Q"

Injection over finite o /
length near the Toroa g @
base of the jet.

»
»

g n
¢  Seed photons:

" L ® ®Synchrotron (SSC)

Additional contribution from : ;
L A

g @bsorption along the jet ¢ e, (RISl - [BILR {3
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