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Zeroth Order: Orientation-based Unification:

Direct view of
+«—— Blazars tnhejet
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Radio Loud AGN Unification

(beyond orientation)

Radio Galaxy Blazar Spectral Tvoe
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The Blazar View of the Relativistic Jet

Peak frequency,

wide range \
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The Blazar Sequence
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RL AGN Unification - Problems

» How does a continuous blazar sequence fit in with a dichotomy
in spectral type/morphology ?

» What is going on with the blazar sequence?
» Other oddities: BL Lac has broad lines?

» Kharb et al., 2009 found BL Lacs with hotspots in VLBI
monitoring

» Many low-power FSRQ blazars have been found

» Evolution Measures suggest high-synchrotron peaking sources
are “negatively evolved” vs. low-peaking

» Spectral type in Radio Galaxies found to be rather mixed: low-
excitation FR lIs, high-excitation FR Is



Part I: The Blazar Envelope

Hypothesis: The Blazar Sequence
Envelope
Departing from the sequence,

sources drop in Luminosity and
frequency as 0 increases

Jet Power Increases (blue — red)
Along 0° path (gray): L, increases
v, decreases

Log (vL,)

Y Need to measure: Orientation (0)
® Intrinsic Jet Power

(good Ly vy )

—>
LOQ (Vpeak)



Part I: The Blazar Envelope

Part I: Revisiting the Blazar Sequence

« Is there a monoparametric Sequence?

(1) Measure (unbeamed) Jet Power

(2) Measure the alignment — how does angle of
observations affect what we see”?

— Hint: Jet structure may become more
apparent at large 6

(3) Build Up a large Sample — better SED
sampling
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Results
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Part I: The Blazar Envelope

Results
“Simple
jet” (single BL Lac
o Two o IEE{RIQ
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New Hypothesis: A Strong/Weak Dichotomy?

« Strong Jets:

All High L, (> 10%*° erg s™'), some lower L,
(Nearly) All FSRQ, many BL Lacs

Low v, (< 107> Hz)

Associated with FR lls (based on L)

o Weak Jets:

Only at low L,;, (< 10**5 erg s™)
(Nearly) All BL Lacs

All high v, (> 10'® Hz), some low v,,?

Associated with FR Is (based on L;;,)



Pa

Log (vL,)

rt I: The Blazar Envelope
New Hypothesis: A Strong/Weak Dichotomy?

Next Questions:
1) Is the divide real?
2) Linked to Accretion Mode? Spectral Type mixed?
3) Jet Power? (not clean divide)
4) Sequence 'broken'?

A
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Some Questions Answered

. Lowv,, low L, sources?

— These appear to be misaligned.

e Lyin (Lexy) does not vary with v, for BL Lacs?

— Consistent with our findings: Horizontal movement due to velocity
gradients in jet

. Sources at low v, have range of L;,?

—> Consistent with our findings: All ‘misalignment paths’ meet at low v,
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Part Il: Accretion Mode and the Broken Power Sequence

Accretion Modes — driving the FR I/FR Il divide?
BH Log Mg,/M,

=21 — 2 —e3 —24 —25

M Ghisellini et al. 2001



O
&)
c
O
=
o
O
0p)
S
<
S
a
O
m
ke
c
©
c
S
ey
m
O
O
<
=
T
©
Q.

Iog Vpeak [HZ]

|-kin / |-Edd

Weak Jets = Inefficient
Strong Jets = Efficient

mass-luminosity scalings)

(Mass estimates from reverberation
mapping, velocity dispersions,



Part Il: Accretion and the Broken Sequence 18/28

What is the role of Jet Power?
A Broken Power Sequence?
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The Strong-Jet Sequence
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IMPOSTER BL Lacs in the Strong Branch
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Log (vL,)

Summary:
The Broken Power Sequence
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Conclusions/Key Observations

+ Suggestion of Two populations: “weak”™ and “strong” with very different jet
profiles, different spectral properties

+ Weak jet branch maxes out at 10%°-° erg/s in jet power — exactly what you
expect if there is an accretion mode switch at 102, given maximum observed

black hole size of ~ 10° Mg
+ There are IMPOSTER BL Lacs out there

+ The sequence may exist in 'broken' form:

Increasing jet angle,
decreasing 6, B,,,
A beamed luminosity, peak frequency

[Sources at O ~1/T|

Log (vL,)

LOg (Vpeak)
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What can we learn from Fermi ?

A strong
50 =i A FR2
® weak
= o FRI
unclass.
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Very similar to the
synchrotron envelope.

FR Il below FSRQ (red)

FR | below and to the
left of BLs (blue).

* are the Padovani 2012
sources claimed to be
high peak frequency BL
Lacs.



What can we learn from Fermi ?
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Are the I'-rays of powerful quasars of SSC or EC nature?

SSC — upscatters synchrotron photons

-beaming pattern is the same as the synchrotron one

For sources of the same jet power the Compton dominance (IC
over synchrotron power) is not a function of the core to
extended ratio

EC — upscatter photons from outside the jet (BLR or molecular torus)

-beaming pattern is different:

L ~ 5% synchrotron peak
L ~ 3% IC peak

(Forradio, L_ /L ,~L~&" a~0.2)

core

For sources of the same jet power the Compton dominance (IC
over synchrotron power) should increase with increasing core
to extended ratio
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The Compton dominance of the most powerful sources increases with increasing
Core to extended ratio. At lease for the most powerful quasars the y-ray emission
mechanism seems to be external Compton scattering.



Check: We expect the superluminal speeds
exhibited by these sources to peak at intermediate alignments,
which corresponds to intermediate Compton dominances.
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Conclusions

The collective properties of radio loud AGN suggest the following picture:

1. There is a critical mass accretion rate, m=—

= mcrirt ~ 001 ’ beIOW
Edd

which, the accretion is a radiatively inefficient with weak or no broad line
region and molecular torus.

Above this, the accretion is a radiatively efficient thin disk with a broad
line region and molecular torus (Narayan et al. 97, Ghisellini et al. 09)

2. All jets of a given kinetic power and the same accretion environment
are physically similar and their observed properties depend on their
orientation.

3. Weak jets (radiatively inefficient accretors ) are characterized by
decelerating flows in their sub-pc scale jets.
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Part I: The Blazar Envelope

Orientation (Rce)
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