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EGAL sources= 90 (+GRBs)

Blazars = 84 


Radio galaxies ~ 4

Starbursts = 2


Credits: TeVCat 2



Blazars
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FSRQ

HBL

Fossati et al. 1998

Blazars can be classified as:


Flat Spectrum Radio Quasars (FSRQs)


BL Lac objects:


Low frequency peaking (LBL)


Intermediate frequency peaking (IBL)


High frequency peaking (HBL)


Extreme HBL (EHBL)

Fermi-LAT

Cherenkov



FSRQs

Intrinsic absorption (BLR, Torus)


Higher redshifts than BL Lac objects


Lower energies, reaching maximum ~400 GeV
Credits: TeVCat 4
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FSRQs: the “canonical” scenario!
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FSRQs: the “far dissipation” scenario

 
 

400 GeV-1 TeV
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CTA will allow us…

To lower the energy threshold together with the 
improved sensitivity, which will help us to 
increase the FSRQ VHE family 


The improved sensitivity will allow us hopefully 
to extend the VHE spectrum from FSRQs, to test 
the absorption due to the torus.
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Torus absorption

VHE observations will allow us to constrain the 
temperature of the torus and the covering factor

Galanti et al. 2020, MNRAS, 495, 3463 8



Torus absorption

Galanti et al. 2020, MNRAS, 495, 3463 9



Torus absorption

Galanti et al. 2020, MNRAS, 495, 3463 10



CTA will allow us…
To lower the energy threshold together with the 
improved sensitivity, which will help us to 
increase the FSRQ VHE family 


The improved sensitivity will allow us hopefully 
to extend the VHE spectrum from FSRQs, to test 
the absorption due to the torus.


FSRQ VHE studies are highly biased toward 
flaring states, CTA should allow us to observe 
them outside extreme flaring episodes
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PKS 1510-089

MAGIC coll. 2018, A&A, 619, A159
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PKS 1510-089 
persistent emission

MAGIC coll. 2018, A&A, 619, A159 13



Jet structure

Some multi-wavelength light curves points to the 
need of structure jets, showing more complex 
behaviours than expected from simple one-zone 
emitting regions, including also fast variability
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FSRQ PKS 1222+21

MAGIC Coll. et al. 2011, ApJL, 730, L8

•  Fast variability: 9 min doubling time

•  No VHE intrinsic spectral absorption
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Extreme variability 
PKS 2155-304

HESS coll. 2007, ApJ, 664, L71 21



Jet structure
Some multi-wavelength light curves points to the 
need of structure jets, showing more complex 
behaviours than expected from simple one-zone 
emitting regions, including also fast variability


First hint of an spectral narrow feature in the VHE 
band from Mrk 501


CTA will bring better resolution and MWL 
campaigns will be key
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Hint of a narrow 
VHE spectral feature

July 19-20 

(MJD 56857.98)

Likelihood Ratio Test

Preliminary

Pre
limi

nar
y
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MWL SED overview

April 1997

Tavecchio et al. (2001)
ApJ 554, 725 X-ray flux comparable

TeV more variable in 1997
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MWL SED overview
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MAGIC Coll. (JBG, DP) 2020, A&A, 637,  A86



Theoretical interpretation
a) Pile-up in the energy electron distribution due to 
stochastic acceleration 

Preliminary
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JetSeT open code




Theoretical interpretation

b) Structures jet: two-zone SSC model 

co-spatial non co-spatial
Preliminary Preliminary
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Theoretical interpretation
c) Magnetospheric vacuum gap model + one-zone 
SSC

Preliminary
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Tavecchio, JBG et al., 2011, A&A, 534, A86



 29Wendel, JBG et al. 2021, A&A, 646, A115



ASTRI-MiniArray 
simulations
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Saturni et al. 2022, JHEAp, 35,  91



Extreme blazars

MAGIC coll. 2020, ApJS, 247, id.16 31



Extreme blazars
HAWC and LHAASO could help to point to them, 
although they are weak targets —> from long term 
integrations? HAWC starting to detect AGNs beyond 
Mrk 501 and Mrk 421

Goodman et al. Gamma 2022 32



Transitional 
blazars

S4 0954+65 (z=0.367)


OT081 (z=0.322)


Optical+VHE observations would allow to 
constrain the AGN structure


CTA will allow us to enlarge the sample of 
transitional VHE blazars
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Optical spectroscopic follow up 
S4 0954+65

JBG et al. 2021, MNRAS, 504, 5258  35



Transitional blazars MWL SEDs

MAGIC coll. 2018, A&A, 617, A30
Energy [GeV]

16−10 14−10 12−10 10−10 8−10 6−10 4−10 2−10 1 210 410 510

]-1
 s

-2
 d

N
/d

E 
[T

eV
 c

m
2 E

15−10

14−10

13−10

12−10

11−10

10−10

9−10

8−10

7−10

P1 
P2 
P3 
P4 

Preliminary

S4 0954+65 OT 081

MAGIC+HESS work in progress
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Most distant 
blazars

FSRQ


z=0.99
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Credits:M. Raue
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Credits:M. Raue

PG 1553+113
EBL 
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Aleksic et al. 2015

PG 1553+113(z~0.4)



 41 Abdalla et al. 2021, JCAP, id.048



 42 Abdalla et al. 2021, JCAP, id.048

Intergalactic 
Magnetic Field



EGAL CTA survey

6 mCrab sensitivity

25% of the sky

Science with the Cherenkov Telescope Array; arXiv:1709.07997
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https://ui.adsabs.harvard.edu/link_gateway/2019scta.book.....C/arxiv:1709.07997


Take home 
message

The VHE extragalactic astronomy is nowadays 
strongly bias towards flaring episodes


CTA will help us to explore the VHE sky not only 
with an improved sensitivity but also in an 
extended energy range which should allow to 
unveil/extend new population currently under 
represented


MWL/Multi-messenger coordination is key to 
understand the physical processes behind 
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