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INTRODUCTIONObjects with one of the above properties BLAZARS
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BLAZARS (BL Lacs and FSRQs)

Special subclass of AGNs:
extragalactic objects with rapid variability, 

high luminosity, high and variable 
polarization, have/no strong emission lines, 

gamma-ray emissions, or superluminal 
motions.



AGN Model
Fob=pFin

=(,)

Standard Model for AGNs
活动星系核的标准模型

吸积盘

宽线区

窄线区

喷流

黑洞

12/13/2017 6



INTRODUCTION
Observations show that some sources with 
particular observational  properties

1) BL Lacertae objects--BLs, 

2) Flat Spectrum Radio Quasars—FSRQs
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INTRODUCTION
Observations show that some sources with 
particular observational  properties

RBLs

BL Lacertae objects--BLs, 

XBLs        
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这种分类不是
基于物理的



Classification of  BL Lac Objects

Padovani & 
Giommi 
1995, ApJ, 
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基于物理的
分类



Classification of  BL Lac Objects

Padovani & 
Giommi 1996
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Classification of  BL Lac Objects

XBL          HBL,    RBL          LBL
Padovani & 
Giommi 1996

RBLs XBLs

LBLs

HBLs
LBLs:

Low-frequency peaked

HBLs:

High-frequency peaked
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提出用峰频分类



SED of Blazars
Fossati et al. 1998

Compiled 3 subclasses of 126 blazars 
(RBLs, XBLs, FSRQs)
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提出Blazar序列



Giommi et al. 2005, A&A, 434, 385

Detected luminous high frequency BL Lacs 

low frequency low luminosity BL Lacs

Contradict with the “blazar sequence”

since there are no lower luminous low 
frequency or high frequency luminous BL Lacs 
in Fossati et al. (1998).
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提出IBL



Fermi/LAT 
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Abdo, et al. 2010, ApJ, 715, 429
set frequency boundary for subclasses of ~ 

48 blazars (based on P & G criteria, 
according to their position in the effective 
spectral index plot). 

LSPs:

ISPs:  

HSPs:

Lower, Intermediate, High Synchrotron Peak

12/13/2017 17提出不分FSRQs和BL天体



Boundaries  for Classifications

LBL

Log ν(Hz)

IBL

Log ν(Hz)

HBL

Log ν(Hz)

Ref

< 15 > 15

Padovani & 
Giommi, 
1996

< 14.5 14.5 ~ 16.5 > 16.5

Nieppola 
et al. 2006

<14 14 ~ 15 > 15 

Abdo et al. 
2010

Non 
Consensus
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UHSP BL Lacs 

• Ghisellini (1999) proposed that there is a 
subclass of BL Lacs: HBLs, p > 1019 Hz.

• Giommi et al. (2001) : Ultra-high-energy 
synchrotron peak BL Lacs (UHBLs). 

• Nieppola et al. (2006): there are 22 objects 
with log p > 19, of which 9 objects have 
log p > 20.
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2.1 SEDs for 1425 Fermi Blazars
from 3FGL

Fan et al. 2016, ApJS, 226, 20
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Fan et al 2016, ApJS, 226,20

Calculating the SEDs for 1425 Fermi blazars 
from 3FGL using their multiwavelength flux 
density by fitting 

SEDs are successfully obtained for 1392 sources.

To do correlation analysis
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2.1 Fitting Results for some sources
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12/13/2017

Monochromatic 
Luminosity

Fitting Results

P1,P2,P3

Effective 
spectral 

index



Redshifts are available for 999 Fermi Redshifts are available for 999 Fermi 
blazars, for which we made a distribution blazars, for which we made a distribution 
for the logarithm of their peak frequency for the logarithm of their peak frequency 
at the comoving frame. at the comoving frame. 
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Bayesian information 
criterion for model 
selection, we used 9 
components to fit the 
distribution, but 3 
components are enough.
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2.2 Classifications of Fermi Blazars
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There is no ultra-high synchrotron peak sources-
UHSPs as claimed by Ghisellini et al. (1999)



Boundaries  for Classifications

LBL
Log ν(Hz)

IBL
Log ν(Hz)

HBL
Log ν(Hz)

Ref

< 15 > 15 Padovani & 
Giommi, 1996

< 14.5 14.5 ~ 16.5 > 16.5 Nieppola et al. 
2006

<14 14 ~ 15 > 15 Abdo et al. 2010

<14.0 14.0 ~ 15.3 >15.3 This work
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Our results are similar to 
those by Abdo et al. 2010



Comparison:

Sambruna et al 1996

Nieppola et al. 2006

Nieppola et al. 2008

Abdo et al. 201012/13/2017 Fan6, Jan 18-23, Korea 29



2.4 Luminosity Correlations

γ- radio γ- X-rayγ- optical 
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2.4 Luminosity Correlations

All the above correlations are significant

γ- peak lumi. γ- bolo. lumi. 
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2.5 Log L/bol vs log nu/p
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2.5 Log Lγ vs log nu/p
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2.5 P1    
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2.6 Empirical Function for 
Peak Frequency
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2.6 Empirical Function for 
Peak Frequency
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3. Beaming Effect in Fermi Blazars

3.1 Radio polarization
3.2 Radio and Gamma-Ray Correlation
3.3 etc  ……

12/13/2017 38



3.1 Radio Polarization in Fermi Sources
Hovatta et al. 2010, IJMPD

They found that the radio polarization in the 
FERMI detected era is higher for the 
investigated sources. 

In factor, we  obtained that the polarization is 
associated with the Doppler factor (Fan, 
Cheng, Zhang, 1997, A&A) .

FERMI12/13/2017 39



3.1 Polarization & Beaming effect
Fan, Cheng, Zhang, 1997, A&A

Fan, 2002, PASJ 

12/13/2017 40



12/13/2017

3.2. Radio and Gamma-ray Correlation



Gamma-Ray VS. 325 MHz
Massaro, et al. 2014, IAUS304
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Radio-faint BL Lac objects and their impact
on the radio/gamma-ray connection

Giroletti, M,  Pavlidou, V., Reimer, A. et al. 2012, AdSpR, 49

FSRQs

BL Lacs

8.4GHz
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Gamma-Ray VS. 1.4 GHz
Fan， J.H.; Yang，J.H.; Liu， Y. , et al. 2016, ApJS
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Gamma-Radio From EGRET
Fan et al. 1998, A&A

EGRET

230GHz
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Gamma-ray emissions may be strongly 
beamed.

12/13/2017 46

3.1 Radio polarization
3.2 Radio and Gamma-Ray Correlation
3.3 etc  ……



3.3 Luminosity vs. peak frequency

12/13/2017

Fan, J.H. et al.  2017, ApJL, 835, 38
Fermi Blazars with Doppler Factors

“Blazar sequence” is a selection effect



In this work, we got a sample of Fermi 
Blazars with available Doppler factors. 
Then we investigated the correlations 
between luminosity and Doppler factor. 
Correlations between monochromatic 
luminosities, and those between 
luminosity and peak frequency for the 
observed and the intrinsic (Beaming 
effect removed) data . 
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Fan, J.H. et al.  2017, ApJL, 835, 38
Fermi Blazars with Doppler Factors
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Top to the bottom is for 
bolometric, X-ray, optical, 
radio, and peak luminosity
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Top one to the bottom one is 
for γ-ray, X-ray, optical, radio, 
and peak luminosities.
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Top one to the bottom one is for 
γ-ray, X-ray, optical, radio, and 
peak luminosities.
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4. Discussions and Summary

1. Fitted SEDs for 1425 Fermi blazars, setting 
boundaries for LSPs, ISPs, and HSPs, 
compared our results with others

2017/12/13 5412/13/2017
No UHSPs



2. An empirical relation between the peak 
frequency and effective spectral index

3. Correlations are investigated. Gamma-rays 
are more closely correlated with radio 
emissions; Gamma-ray sources are radio 
loud

4. Gamma-ray emissions are strongly 
beamed

5. Blazar-sequence is a selected result
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Thank you for 
your attention!
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Thank you for 
your attention!
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祝各位健康、平安、进步！


