


Ultra-High Energy Cosmic Rays
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~ H. Curtis 1918:

- “A curious straight ray lies in a gap in the
nebulosity in p.a. 20 deg, apparently

. connected with the nucleus by a thin line of

‘matter. The ray is brightest at its inner end,
which is 11 'arcsec,"from the nucleus."

HST ACS



First AGN: M87

W. Baade & R. Minkowski 1954'
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3C273: VLBA, 1.7 GHz | NOAO
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AGN Luminosity Function

AGN Luminosity Function
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AGN Diagnostics
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Polarization

Polarization and the Hidden Nucleus of NGC 1068 —
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AGN Taxonomy

Table 1.1: The Menu

Property Popularity Comments and Exceptions
Very small angular size Many Wavelength-dependent
Galactic (or greater) luminosity Many Lower luminosity is hard to find; obscuration and

beaming may mislead

Broad-band continuum Most Often dL/dlogv ~ const. from IR to X-rays; sometimes to ~y-rays
Strong emission lines Most Sometimes very broad, sometimes not,

Variable Most Modest amplitude; short wavelengths stronger, faster than long
Weakly polarized Most ~ 1% linear; a minority much stronger

Radio emission Minority Sometimes, but not always, extended on enormous scales

Strongly variable and polarized Small minority Correlated with bright radio and high-energy ~-rays:

In some cases emission lines absent

Krolik 03



radio

NLRGs BL Lacs

BLRGs OVVs
RLQs

: variability

Seyfert 2s

Seyfert 1s
RQQs

Krolik 03

emission line width
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Blazar Brightness Temps
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FIG. 5.— Distribution of median brightness temperature values, 7y, of VLBI
cores 1n the complete MOJAVE sample. The shaded areas represent the LAT-
detected objects in the sample.



Inverse Compton Catastrophe
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Variablility in Ultra-Relativistic Flows

5x = 6t (1 0)) ~ ot (1 st 1-4/1 : Si—
x =6t (1 — pcos(0) (1-5) V' = o2




Jet Speeds?

Relativistivity Solves all

EINIRY  timing and brightness
Issues

 cos(6) e
I, = 1;53 — 1,0 H—o 10 p cos(6)
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AGN Unification
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Credit: Nicolle R. Fuller/NSF



M87, Radio galaxy = advection dominated flow 3C273, Quasar = radiative accretion flow

ESO

- Low-Luminosity AGN ‘ QSOs and Seyferts
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Accretion Parameters,
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X-Ray Background
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X-Ray Background
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AGN Hosts
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Blazar Clustering

e Radio AGN most strongly
clustered
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Central Hypothesis

® Black hole at the center

® Mass governs scale

® All other properties are functions of
X accretion rate i
X spin a

* net external magnetic flux @3




Jet Acceleration
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Collimation

® Ballistic!?

* Requires tight initial
collimation

® External confinement?

* Requires large external
pressure

o MHD!?

* Requires stabilization

Magnetic
field line

Blanket



Jet Parameters

» B-fields: Gauss (pc scales) to mGauss (kpc Hillas plot;
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Declination Offset (mas)
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Jet Parameters

Magnetic field strength, B (G)

Hillas plot:

PM Bauleo & JR Martino Nature 458, 847-851 (2009) ]
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