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Active Galactic Nuclei (AGN)

MBH > 107 Msun

Infalling gas forms an accretion disk around the
black hole (optical through soft X-ray
continuum).

AGN are =1-10% of all galaxies

The span of observed AGN bolometric
luminosities is huge, L=104°-1048 erg/s

AGN are the most luminous long-lived objects in
the Universe

Large variety of properties -> sub-classes
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Active Galactic Nuclei (AGN)

e | 0w EM Power { | High EM Power =—]

MBH >1O7 Msun

Infalling gas forms an accretion disk around the
black hole (optical through soft X-ray
continuum).

Radio LoUd  m——

AGN are =1-10% of all galaxies

----------------------------------------

The span of observed AGN bolometric
luminosities is huge, L=104°-1048 erg/s
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AGN are the most luminous long-lived objects in
the Universe

Radio Quiet Radio Quiet

Low Power ’ High Power Large variety of properties -> sub-classes

J. E. Thorne
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Active Galactic Nuclei (AGN)
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Blazars - SED

A IR—soft X-rays MeV—GeV

Spectral Energy Distribution

Dominated by the relativistically
| boosted non-thermal continuum
_, emission of the jet
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Blazars - Variability
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Blazars

BL LAC OBJECT

FLAT SPECTRUM RADIO QUASAR
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Blazars

FLAT SPECTRUM RADIO QUASAR

RA=186.22692, DEC=21.37955, MID=54479, Plate=2646, Fiber=204
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Blazars

FLAT SPECTRUM RADIO QUASAR BL LAC OBJECT




Blazar seqguence

O FSRQs
O BL Lacs

/47 blazars detected in
gamma-rays with a
reported redshift.

1
Redshift z

Fossati et al. 1997, Ghisellini et al. 2017



Blazar seqguence

Log vL, [erg s™!]

e L o
S N H~ O @

15 20 25 10 15 20 25

Log v [rest frame]

Fossati et al. 1997, Ghisellini et al. 2017

blazars become “redder” with
increasing L, peak frequencies
become smaller:;

the “Compton dominance”
INncreases,

the gamma-ray slope become
softer with increasing L,

(iv) the X-ray slope becomes
harder with increasing L.



Blazar, EBL and Magnetic field

log10(frequency) [Hz] Driver 2021
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Model (Andrews et al 2018) : :
Model (Khaire & Srianand 2019) Second most intense diffuse

» Model (Lagos et al 2019) photon field (after CMB)
Measurements (Hill et al. 2018) :

Direct-EBL (Hill et al. 2018) o . S
IGL-EBL (Hill et al. 2018) Y Y./ \ Imprint from reionization, star

IGL-EBL (Driver et al. 2016) formation, galaxy evolution,
COBE/Planck (Odegard et al. 2019) ..
emission by AGN
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Propagation
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Without IGMF
Pair production with EBL
ng photon: Low-energy
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Credits: https://www.quantamagazine.org/the-hidden-magnetic-universe-begins-to-come-into-view-20200702/



Propagation

Inverse Compton

Pair production with EBL
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Recipe of a source

bl

HE primary spectrum must
extend up to very high energies

« HE emission from the source
cannot outshine the secondary
emission

 Variability of the source cannot
interfere with the IGMF measure

« Distance of the source is an
Important parameter



FSRQ and Magnetic field
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Variability of the source cannot
interfere with the IGMF measure

Distance of the source is an
Important parameter



FSRQ and Magnetic field

Period A Period C « HE primary spectrum must
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« HE emission from the source
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FSRQ and Magnetic field

O FSRQs
O BL Lacs

Redshift z

HE primary spectrum must
extend up to very high energies

HE emission from the source
cannot outshine the secondary
emission

Variability of the source cannot
interfere with the IGMF measure
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BL Lac and Magnetic field
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Log Freq [Hz]
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HE primary spectrum must
extend up to very high energies

HE emission from the source
cannot outshine the secondary
emission

Variability of the source cannot
interfere with the IGMF measure

Distance of the source is an
Important parameter



Extreme BL Lac

(b) 1ES 1426+428
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« Sample of ~15 EHBL detected
in the TeV band

Strong X-ray emission

 No signal of strong variability

—
D
6
m
-
k)

vi(v) [ergs cm? s

MAGIC coll. 2019



log[vFv (erg cm™2s7")]

Biteau et al. 2020

e Best candidate to IGMF lower
lIMmit

See Da Vela’s talk



Take home message

 Blazar are the most powerful and persistent objects in the
Universe

A better understanding of the structure and the composition of
the blazar jet plays a key role on the study of the Universe
environment

 HBL and EHBL are the best sources to limit the IGMF

e The observation of HE and VHE bands will show new sources for
the IGMF study



