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Sources were found here 
(Nieppola 2006, Landt 2006, 
Caccianiga 2004)

Fossati 1998: The Blazar Sequence

Sources also found 
here (Padovani 
2003, 2012, Cerutti 
2017)



1998: The Blazar Sequence
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Hypothesis: The Blazar Sequence
Envelope

Jet Power Increases (blue → red)
Along 0° path (gray):  Lp increases

   νp  decreases

Departing from the sequence, 
sources drop in Luminosity and 
frequency as θ increases 

Need to measure: Orientation (θ)
                              Intrinsic Jet Power

(good Lp, νp )

Hypothesis: The Blazar Sequence



“Simple jet”  
(single Γ)

“Decelerating Flow” model 
(Georganopoulos et al 2005)

Two 
Branches?

Meyer 2011: The “Blazar Envelope”



Meyer 2011: The “Blazar Envelope”

New Hypothesis: a “broken” sequence?
Need better statistics!



New Decade, New Study

ArXiv: 
2007.12661



New Decade, New Study

Starting sample of 6585 radio-loud AGN



New Decade, New Study

Starting sample of 6585 radio-loud AGN

Analyzed 460 VLA observations, 169 
ALMA observations, 2 SMA and 1 VLA 
program, 17 archival HST observations

2124 sources 
had “good” 
SEDs:



← examples of jet/lobe 
decompositions

examples of SED fitting →



Results



New Decade, New Study



Return to a dichotomy?



Results

No evidence of 
“sequence-like” 
behavior for 
type II jets

Average peak 
frequency does 
not change with 
jet power over 
>4 OOM.



Results

Similar findings 
for weak jets, 
though with 
weaker 
statistics



Conclusions

  The Blazar Sequence does not exist  

 No monoparametric mapping between jet power and spectral 
type

 Type II (FSRQ/FR II) jets exist from highest to lowest jet powers





New Decade, New Study



Jet Power in Different Zones

BL lacs in the 
“strong jet” zone 
are much more 
like FSRQs in 
power



Conclusions

  The Blazar Sequence does not exist  

 No monoparametric mapping between jet power and spectral 
type

 Type II (FSRQ/FR II) jets exist from highest to lowest jet powers

  Not all BL Lacs are equal

 LBLs (low-peaking, vp < 1015 Hz) are mostly type II jets



(Mass estimates from reverberation 
mapping, velocity dispersions, 

mass-luminosity scalings)
Weak Jets = Inefficient 
Strong Jets = Efficient

Meyer 2011: Eddington Ratio



Keenan 2021: Eddington Ratio

Separation of 
strong/weak based 
on location in vp-Lp 
plane

Eddington fraction 
estimated from 
radio lobe power 
(Lkin) in comparison 
to the Eddington 
limit implied by 
black hole mass, 
where known.

Clear divide at 
log(Lkin/Ledd) = –2.5



Conclusions/Observations

  The Blazar Sequence does not exist  

 No monoparametric mapping between jet power and spectral 
type

 Type II (FSRQ/FR II) jets exist from highest to lowest jet powers

  Not all BL Lacs are equal

 LBLs (low-peaking, vp < 1015 Hz) are mostly type II jets

  There is a Jet Dichotomy which is apparent in the vp-Lp plane

 Strong/type-II jets have high-efficiency accretion

 Strong/type-II jets are  not “allowed” to have vp > 1015 Hz

 Weak/type-I jets are inefficient accretors, matching spectral type

 Weak/type-I jets have higher vp

 Weak/type-I jets have a maximum power of 1043 erg/s



Radio Core Dominance is not Universal





IBL population 
remains poorly 
understood

We need more 
VLBI speed 
studies of weak 
jets



Future work/what remains

 While the vp divide at 1015 Hz seems clear, not apparent 
what makes the difference between a source at 1016 Hz 
and 1019 Hz.

 Other types of jets/more LL AGN need to be studied 
(especially misaligned jets)

 Some regions of the vp-Lp plane are still poorly populated 
(IBLs are rare).

 Statistically Complete Samples?



Thank you!



Blazars: Looking down the throat of a jet









What if we can’t see the emission lines?

= emission lines
= Doppler-boosted jet

Increasing L
kin

  Line & Jet Luminosity Increases
   Cooling Increases, v

p
 shifts out of optical
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