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Blazars: relativistic jets pointing at us

Powerful radiogalaxy:

Cygnus A Ov~few deg
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(Special) relativity at work

Doppler bea ming

v=0.99c
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Shortening Y,
of timescales lobs = 1 /o




Blazars in a nutshell

-

: 'Aécreting BH

IR—soft X-rays MeV—GeV

SED dominated by kthe relakivistically boosked
non-thermal continuum emission cyfl the jet.




Jet physics

Particle acceleration

Plasma and B-field physics
Reconnection vs shock
Hadronic vs leptonic emission
| ocation of emission region
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Propagation effects

~xtragalactic background light
ntergalactic magnetic field
—adronic beams

|V and ALPs-induced effects and

other anomalies
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The spectral energy distribution

Extended over the whole EM spectrum
Extremely variable

Important observational effort
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Blazars: basic phenomenology

poerey

Blazars occur in two flavors:

FSRQ: high power, thermal
optical components (broad lines)

BL Lacs: low power; almost

purely non-thermal components
X J

The “blazar
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Blazars in a nutshell

FSRQ: “dressed” jets

1/2
RBLR = 1017 Ld,/45 cm.

Rr =2.5x 10" L)% cm




Blazars in a nutshell

FSRQ: “dressed” jets

d Marscher et al. 2008, 2010

/ : 1017 172
Sikora et al. 2008\ \N Rgir = 107" L 45 cm.

R[R =25x1




Producing the jet

McKinney, Tchekhovskoy, and Blandford 2012




The full problem

Log vF(v) [erg cm=2 s~

Coasting region

PBSPkin

Acceleration/collimiation
region

Ps > Py




A more modest model - 1

“One zone”



A more modest model - 1
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electron Inverse Compton photon-photon electron-positron
synchrotron scattering pair production annihilation

Haodvrown not important for the emission (but not for energetics!)



A more modest model - 1




A more modest model - 1
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LOQAN(Y)

A more modest model - 1
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A more modest model - 1
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A more modest model - 1
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In principle, in this simple version of the
Synchrotron-Self Compton (SSC) model, all
parameters can be constrained by quantities

available from observations:

A
.

/ free parameters
R B NO Yb nl nz O

/ observational quantities

Vs I-s Ve I-c 'l'var &y X2

N /

. -

Y

Tavecchio, Maraschi & Ghisellini 1998



Blazars in a nutshell

FSRQ: “dressed” jets

1/2
RBLR = 1017 Ld,/45 cm.

Rr =2.5x 10" L)% cm




Log vF(v) [erg em™2 s-!]
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Log vF(v) [erg em™2 s-!]
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FSRQs: the general scenario

Accretion disk



FSRQs: the general scenario




FSRQs: the general scenario
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FSRQs: the general scenario




FSRQs: the “canonical” scenario

Dermer et al. 2009
Ghisellini, FT 2009
Sikora et al. 2009




_Jet frame!

Log U’ [erg cm™3]
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A more modest model - 2
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within the BLR

Log vF, [erg s7!' ecm~2]
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1ES 1510-089

within the Torus Beyond the Torus
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Leptons or hadrons?

A

Hadrons are accelerated to very-high and ultra-high energy
somewhere In the extragalactic space

UHECR
lceCube Neutrinos

_ets offer tdeal conditions (B, radius,power)



hadronic

proton
synchrotron

Leptons or hadrons?
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Leptons or hadrons?
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Leptons or hadrons?
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Lepto-

—— e synchrotron ~ «eeeee SSC
—— psynchrotron p-synchrotron cascade
M synchrotron p-synchrotron cascade
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hadronic models
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Lepto-hadronic models
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Lepto-hadronic models

Zech et al.2017

PKS 2155-204

-9.5
hadronic scenario leptonic scenario
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Hard tail



Hadron beams?

CMB, EBL VHE

Essey & Kusenko 2010
Murase et al. 2012
Tavecchio 2014,2019

Scenario for “extreme BL Lacs”
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Extreme BL Lacs

after Costamante et al. 2001
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Log E2¢(E) [erg cm~2 s-!]

Hadron beams?

Tavecchio et al. 2019
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Log E2¢(E) [erg cm~2 s-!]

Hadron beams?

Tavecchio et al. 2019
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Hadron beams?

Tavecchio et al. 2019
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Variability

PKS 2158-304-CTey
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Log vF(v) [erg ecm=2 s-!]
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Time dependent models

Continuity equation e
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Time dependent models
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Quasi-stationary SED
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log vF(v) [erg em™2 s71]
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Quasi-stationary SED
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Quasi-stationary SED

ol ;
; ol
: AR .
100 100 100 10" 10° 10° 10° 10' 10 10° 100 10 100 10"  10” F 2
T . MID d.o.f

B Yok D1 P2 U, n
(102G) (10% (103 ergem™)  [U./Ug]
56009 V (34.0/13) 226 085 190 287 11.96 589
56015 V (29.9/11) 234 081 190 2.87 9.27 425
56032 M (19.9/10)  2.99 049 1.88 2.77 5.20 146
56034 V (24.3/12) 222 090 1.86 290 6.88 350
56036 M (21.0/11)  2.00 1.07 193 296 10.50 659
56038 V (19.8/10) 255 063 178 282 4.50 173
56040 M (18.8/11)  3.00 051 191 293 5.98 166
56046 V (23.5/12) 326 041 1.81 282 4.30 102
56061 V (24.0/10) 2.65 0.65 178 2.82 4.66 166
56066 V (36.0/12) 3.39 042 170 273 5.11 112
56073 V (13.3/11) 2.00 128 193 296 11.70 736
56076 M (19.7/10)  2.13 0.81 1.69 2.70 6.57 361
56077 V (17.7/9) 1.96 1.07 1.80 2.82 9.29 607
56087 M (62.5/12)  1.64 1.70 1.89 291 21.30 1398
56090 V (32.7/10) 2.21 091 186 2.83 10.10 520
Ahnen et al. 2018 56094 M (18.0/10)  2.98 050 200 297 7.04 199

56095 M (16.8/10) 2.25 0.84 1.68 2.73 6.78 336




Final thoughts

Jets are very complex systems but ...
(Leptonic )One zone models are surprisingly successful!
We can obtain rather interesting clues one particle acceleration, evolution etc...

Lepto-Hadronic models suggested by neutrino data but still need improvements



