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3 samples of blazars (Einstein slew survey, 1-Jy BL Lacs, 2-Jy FSRQs)

Division into radio luminosity bins

Average of luminosities in selected bands

Blazar (spectral) sequence

Fossati et al. (1998)



FossatiFossati et al. 1998; et al. 1998; DonatoDonato et al. 2001et al. 2001

The “blazar sequence”
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Some caveats

Samples:
3 “shallow” samples (2 radio, 1 X-rays). Total: 126 sources
Likely the most beamed and powerful sources.

Gamma-ray data biased?
Only 33 sources, mostly caught in flaring state
No TeV data (only two sources known in 1998!)

Blazars are extremely variable:
Only an average meaning!



Simple consequences/predictions for γγγγ-ray observations

1) GeV       FSRQs;    TeV        BL Lacs
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The extragalactic EGRET sky

3rd EGRET Cat., Hartman et al. 1999
Revision in Nandikotkur at al. 2007

67 (high-conf.)+21 (low-conf.) 

AGNs:    

76 FSRQs

21 BL Lacs (17 LBL; 4 HBL)



The extragalactic VHE sky

2020 BL BL LacertaeLacertae ((18 HBL ++ 22 LBLLBL))
11 radiogalaxyradiogalaxy (M87, (M87, 16 16 MpcMpc))
11 FSRQsFSRQs (3C279, (3C279, z=0.536z=0.536))

Name Redshift
Mkn 421              0.03
Mkn 501              0.03
1ES 2344+514       0.044
Mkn 180              0.045
1ES 1959+650       0.047
PKS 0548-322       0.069
BL BL LacertaeLacertae 0.0690.069
PKS 2005-489       0.071
RGB 0152+017       0.080
ON231 (W ON231 (W ComaeComae)   0.102)   0.102
PKS 2155-304       0.116
H1426+428          0.129
1ES 0806+524       0.138
1ES 0229+200       0.140
H2356-309 0.165
1ES 1218+30        0.182
1ES 0347-121       0.185
1ES 1101-232       0.186
1ES 1011+496       0.212

PG 1553+113        0.25-0.78



Simple consequences/predictions for γγγγ-ray observations

1) GeV       FSRQs;    TeV        BL Lacs (possible bias?)



Simple consequences/predictions for γγγγ-ray observations

1) GeV       FSRQs;    TeV        BL Lacs (possible bias?)

2) No Blue powerful FSRQs -> no “TeV FSRQs”



Maraschi et al. 2008

Giommi 2008: a blue QSO
But weak lines -> BL Lac!

Padovani et al. 2002: a  QSO
But only narrow lines -> NLSy1?
Small black hole 

Outliers?



Simple consequences/predictions for γγγγ-ray observations

1) GeV       FSRQs;    TeV        BL Lacs (possible bias?)

2) No Blue powerful FSRQs -> no “TeV FSRQs”

3) Extremely powerful (high-z) FSRQs: not detected by EGRET, OK 
for Fermi



Maraschi et al. 2008



Simple consequences/predictions for γγγγ-ray observations

1) GeV       FSRQs;    TeV        BL Lacs (possible bias?)

2) No Blue powerful FSRQs -> no “TeV FSRQs”

3) Extremely powerful (high-z) FSRQs: not detected by EGRET, OK 
for Fermi

4) Debeamed and intrinsically less powerful sources (more numerous!): 
low luminosity RED (GeV) blazars are expected: Fermi



N(θ) dθ ~ sin θ dθ

See also Landt at al. 2008

Disk



The physical sequence



Ghisellini et al. 1998, 2002

By modeling, we By modeling, we 
find physical find physical 
parameters in the parameters in the 
comovingcomoving frame.frame.

γγpeakpeak is the energy is the energy 
of electrons emitting of electrons emitting 
at the peak of the at the peak of the 
SEDSED



Low power    slow 
cooling    large γγγγpeak

Big power   Big power   
fast cooling    fast cooling    
small small γγγγγγγγpeakpeak



A new (theoretical) sequence

• Old one: based on 1 parameter: the observed 
luminosity

• Now: info on mass and accretion rate (spin? 
not yet)

• Info on jet power vs disk luminosity
• Info on location of dissipation: must be at 

some distance from BH. One zone is 
dominant (internal shocks?)

Ghisellini & Tavecchio 2008



The key ideas
• Rdiss proportional to MBH

• RBLR proportional to (Ldisk)

• For Ldisk/LEdd < Lc ���� no BLR (BL Lacs)

• LB = εεεεB Pjet
• Le = εεεεe Pjet

γγγγpeak propto U-1; U-1/2

The key ansatz
• Pjet always proportional to M

1/2



Simple consequences

•• RRdissdiss proptopropto M;   RM;   RBLRBLR proptopropto (L(Ldiskdisk))
1/21/2

for for large M, ~low large M, ~low LLdiskdisk �������� RRdissdiss>R>RBLRBLR

•• �������� Blue quasars!Blue quasars!

High Ldisk

Low Ldisk



Simple consequences

RRdissdiss proptopropto M;   RM;   RBLRBLR proptopropto (L(Ldiskdisk))
1/21/2

for for large M, ~low large M, ~low LLdiskdisk �������� RRdissdiss>R>RBLRBLR

•• �������� Blue quasars!Blue quasars!

Small M, small Small M, small LLjetjet, large B , large B 

�������� Low power, red quasarsLow power, red quasars





ConclusionsConclusions

The spectral sequence still alive and healthy

Prediction: a large number of misaligned and 
intrinsically less powerful sources

Updated (theoretical) sequence: (numerous) low 
power red and (rare) high power blue predicted 
(forbidden in the “classical” spectral sequence!)

Fermi is coming …



M
a
ra
sc
h
i

M
a
ra
sc
h
i
e
t 
a
l.
 i
n 
pr
e
p

e
t 
a
l.
 i
n 
pr
e
p





VHE emission of FSRQs

3C 279, z=0.536

Teshima et al. 2007
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