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•  The two blazar classes 


•  A new, simplified approach to blazars tested by numerical simulations 


•  Results and implications


•  Testing the blazar sequence
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The beginning  

Blandford & Rees (1978):



We would therefore like to propose the hypothesis that 
Lacertids (and perhaps also optically violent variable quasars) 
are active galactic nuclei where the continuum emission is 
enhanced by being beamed toward us.
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•  BL Lac definitions:

ü  Stickel, PP, Urry et al. (1991) [radio selected]: flat 

spectrum (𝛼r ≤ 0.5) and EWrest < 5 Å 

ü  Stocke et al. (1991) [X-ray selected]: EW < 5 Å and   

Ca H&K break = C < 25% (C ~ 50% in ellipticals)

ü  Scarpa & Falomo (1997): no evidence of bimodal EW 

distribution

ü  Marchã et al. (1996) [radio selected]: region of EW – C 

space (C up to 40%) 

ü  Landt, PP, & Giommi (2002): confirmed C < 40% 


         A few years later …     
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C = 1 − fblue/fred 
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The two blazar classes  

 
 

  

•  What’s the dividing line between BL Lacs and FSRQs?

•  When does a radio galaxy become a BL Lac?  
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•  Optical spectra (by definition); but a few transition 
objects: e.g., BL Lac, 3C 279


•  Extended radio powers: generally FSRQs à FR II-like and 
BL Lacs à FR I-like; but radio-selected BL Lacs can reach 
FR II levels (e.g., Rector & Stocke 2001, Kharb et al. 2011)


•  Redshift distributions; BL Lacs: <z> ~ 0.4 (but ~ 41% no z), 
FSRQs: <z> ~ 1.4


•  Evolution (e.g., Stickel et al. 1991; Rector et al. 2000; 
Padovani et al. 2007; Giommi et al. 2009):  

ü  FSRQs and radio-selected BL Lacs à similar positive 

evolution 

ü  X-ray selected BL Lacs à no or even negative evolution
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Some puzzling differences between 
BL Lacs and FSRQs   
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Vermeulen et al. (1995) 

EW ~ 7 Å 
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Vermeulen et al. (1995) 
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•  Synchrotron peak frequencies

•  Different mix in radio and X-ray selected samples; e.g. 

WMAP5: ~ 15 % BL Lacs; EMSS: ~ 70 % BL Lacs

    


Some puzzling differences between 
BL Lacs and FSRQs (continued) 
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Giommi et al. (2011) 
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A new scenario:                               
the Blazar Simplified View 

•  Some of these differences explained by unified schemes:   
BL Lacs ßà FR Is/LERGs and FSRQs ßà FR IIs/HERGs


•  However, no explanation for (e.g.,): 

ü  transition objects

ü  different evolution of radio- and X-ray-selected BL Lacs

ü  widely different νpeak distributions for FSRQs and BL Lacs 

(related to different class mixes)

•  Our approach: start from unified schemes and add dilution 

and selection effects as new important components

•  Observed optical spectrum is result of three components: 


o  non-thermal, jet-related

o  thermal, accretion-disk related

o  host galaxy
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The Blazar Simplified View (BSV) 
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+ 

Submm selected blazars

Cosmological evolution


Non-thermal, thermal, 

host galaxy components


WMAP, 5-years 

νpeak  ∝ B δ γ2
peak
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Monte Carlo simulations 

•  Source classification: 

ü  FSRQ: EWrest of any line in the observer’s window 

(3,800 – 8,000 Å) > 5 Å

ü  BL Lac: EWrest of all lines in the observer’s window  < 5 

Å; non-measurable z if EWrest < 2 Å or fjet > 10 x fgalaxy

ü  Radio Galaxy: Ca H&K break > 40%




    Goal: to keep assumptions down to a minimum and obtain 

robust results (not to reproduce perfectly ALL observables)



    Simulations have also predictive power!
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radio and X-ray bands




•  Properties of high flux density radio- and X-ray-selected 
blazar samples are reproduced:

ü  BL Lac & FSRQ fractions

ü  evolutionary properties (<V/Vm>)

ü  redshift distributions

ü  νpeak distributions 

ü  fraction of BL Lacs without redshift determination


•  Results are stable to minor changes (e.g., evolution and LF)
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Some implications 

 
 

  

•  BL Lacs belong to two physically different 
classes:

ü  intrinsically weak lined objects

ü  beamed FSRQs with diluted emission lines: 

“masquerading” BL Lacs

•  BL Lacertae is not a BL Lac! 

•  There are only two blazar types: non-evolving low-

excitation and evolving high-excitation sources

•  Ghisellini et al. (2011): 

ü FSRQS: Ldisc/LEdd > 0.01 à radiatively efficient

ü BL Lacs:Ldisc/Ledd < 0.01 à radiatively inefficient
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𝛾-ray (Fermi) band  
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Some results: the 2LAC catalogue 
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June 12, 2018 P. Padovani − Half a Century of Blazars and Beyond 



23 

2FHL number counts (E > 50 GeV) 

P. Padovani − Half a Century of Blazars and Beyond June 12, 2018 
Ackermann et al. (2015) 
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Main result 
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no fine tuning!


Ajello et al. (2015) 
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Main result 
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The “old” blazar sequence 
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Fossati et al. (1998) 

June 12, 2018 
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The “new” blazar sequence 
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Ghisellini et al. (2017) 
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Testing the “new” blazar sequence 
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Testing the “new” blazar sequence 
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Why the anti-correlation? 

1043 < L𝛾 < 1044 erg/s à 
<z> ~ 0.07  

Ghisellini et al. (2017) 
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Why the anti-correlation? 

log 𝜈peak 

0  < z <  0.1  

0.1  < z <  0.5  

0.5  < z <  1  

1  < z <  2  



P. Padovani − Half a Century of Blazars and Beyond June 12, 2018 35 

Why the anti-correlation? 

Ajello et al. (2014) 
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Why the anti-correlation? 
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Testing the blazar sequence 
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Padovani (2007) 
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Masquerading BL Lacs 

Padovani et al. (2012) 

4 HBLs 
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Masquerading BL Lacs 

Padovani et al. (2012) 

‘‘Our conclusions 
agree with P12:  
the four blazars 
considered in our  
and their papers 
are probably 
FSRQs‘‘  
 Ghiselllini et al. (2012) 



Blazar sequence outliers 
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Ghisellini et al. (2017) 
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Masquerading BL Lacs 

Kaur et al. (2018) 



Blazar sequence outliers 
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Paiano et al. (2017)  



Blazar sequence outliers 
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3FGL J0008.0+4713; z > 
1.66 
3FGL J1107.5+0222; z > 
1.07 
3FGL J1450.9+5200; z > 
2.47 



Low radio power blazars  

44 P. Padovani − Half a Century of Blazars and Beyond June 12, 2018 Raiteri & Capetti (2016) 

LBL 

HBL 

EHBL 



Low radio power blazars  
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see also Padovani  
et al.  (2003) 





•  X-ray selected samples (peak of emission in UV/X-rays): 
e.g., EMSS, ∼ 40 objects (Stocke et al. 1991, Wolter et 
al. 1991, Rector al. 2000)

•  Use peculiar SED (high fx/fr values) to find HSPs in 
large radio/X-ray/optical catalogues: Sedentary survey,   
∼ 150 objects (Giommi, Menna, Padovani 1999)

•  Massaro et al. and D’Abrusco et al. have shown (2011 – 
2014) that blazars concentrate in a distinct region of the 
WISE IR colour- colour diagram (the WISE blazar strip 
[WBS])

•  We have built the largest sample of HBLs starting from 
the latest version of the WISE catalogue (747M sources)
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How does one find a large number of  HBL? 
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How does one find a large number of  HBL? 
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Massaro et al. (2011) 
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•  Cross match ALLWISE (3.4, 4.6, 12 and 22 μm 
catalogue) with 3 radio surveys: NVSS, FIRST, and SUMSS 
[747 M à 2.1 M]

•  Cross match results with a bunch of X-ray catalogues 
(e.g., RASS, 3XMM, WGACAT, etc.) [2.1 M à 28.4 k]

•  Make a cut at |bII| > 10°

•  Then make following spectral slope cuts:  


§  0.05 < α1.4GHz – 3.4μm < 0.45 [radio – IR HBL-like]

§  0.4 < α4.6μm – 1 keV < 1.1 [IR – X-ray HBL-like]


à 5518 

•  Study all SEDs to single out the HBLs à 1691


Looking for HBLs in WISE: how to find a 
needle in a haystack!  
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HBL number counts 
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Chang, Giommi,  
Arsioli, PP, in prep. 



53 

HBL number counts 
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HBL luminosity function 
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Chang, Giommi, Arsioli, PP, in prep. 
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Summary  

 
 

  

•  We have put together many pieces of a puzzle which 
has been in the making for the past 20 years or so: 
the Blazar Simplified View


•  Starting point: two populations

ü  high-excitation (standard accretion disk), high Pr, 

evolving

ü  low-excitation, low Pr, non-evolving


•  Add non-thermal (jet), thermal (accretion), and host 
galaxy components + single N(γe)
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Summary  

 
 

  

•  Main results: 

ü  blazar properties (incl. BL Lac/FSRQ differences) 

explained over the whole e.m. spectrum

ü  BL Lacs are of two types: 


o  beamed FSRQs with swamped emission lines (HERGs) 
[“masquerading BL Lacs”]: à need to be grouped with 
FSRQs!


o  weak-lined radio sources with jets (LERGs)         
[“real BL Lacs”] 


ü  blazar sequence due to selection effects

ü  plenty of forbidden sources: high νpeak – high power and 

low νpeak – low power blazars

ü  HBL are a minority population
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•  Ghisellini et al. (1998):



HBLs are sources characterized by the lowest intrinsic power 
and the weakest external radiation field (no or weak emission 
lines). Consequently the cooling is less dramatic and particles 
can be present with energies high enough to produce 
synchrotron emission extending to soft X-ray energies and TeV 
radiation through the SSC process. 



FSRQs represent the most powerful blazars, where the 
contribution from the external radiation to the cooling is the 
greatest. 
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The physics of the “blazar sequence” 
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•  Ghisellini et al. (2017):



We can conclude that in the comoving frame, U′ext  ∝ 𝚪2, 
therefore it is nearly constant if the 𝚪-factor is approximately 
the same in different sources. In this case the cooling rate is 
the same in FSRQs of different power.



For BL Lacs, instead, the main radiation mechanism for the 
high-energy hump is the synchrotron self-Compton process. It 
strongly depends upon the synchrotron radiation energy 
density in the comoving frame that is an increasing function of 
the observed luminosity. Therefore, the cooling is not constant, 
but it is more severe in more powerful BL Lacs.
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The physics of the “blazar sequence” 
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•  Ghisellini et al. (2017):


UBLR ∼ 1/12𝜋 ∼ 0.03 erg/cm3




UTorus ∼ 0.07 f UBLR ∼ 0.002 f erg/cm3                                                                  

(f = torus covering fraction)






But Costamante et al. (2018):



… for the large majority of Fermi blazars (9 out of 10), there is NO 
evidence of strong interaction of the jet gamma rays with BLR photons. 
The emission seems to originate almost always outside the BLR, both on 
average and during high/flaring or low-flux states. 



… differences like high/low-peaked SEDs and Compton dominance cannot be 
attributed to the cooling on BLR photons and their high energy density
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The physics of the “blazar sequence” 
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(see also Isler’s talk) 



•  Ghisellini & Tavecchio (2008):
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The physics of the “blazar sequence” 
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