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Introduction

» current status of the modeling

* phenomenological signatures hinting for
complex scenarios

» self-consistent modeling and
degeneracy

» connection of micro to macro physics



'. Blazars in a nutshell

< blazar SKA SSC CTA
%‘—11-
Synch.
b o . —7‘.5 —5‘.0 —2‘.5 0.‘0 25 5.‘0 7.‘5 10‘.0 12‘.5
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Rrores g_u.
g +++ t
- rel. jest are powered by accr. on BH(106-°M_ ) .. A
+
* rel. plasma ('>10) acc. by non-thermal N
p roce Sses 75 10.0 125 15.0 'og(u;U(.:z) 20.0 225 25.0 27.5
- jet axis vs l.o.s. -> beaming (blazar/RG) Inverse
- variable emission over the entire EM spectrum ..Sompton
- Low energy bump S, high energy bump IC =
FSRQs/
HERGS e




more complex scenarios

Hadronic models

Y PV, p-synch
Structured jets \,‘
. E E ~E?,.
Spine-sheath model ,)\ v Py
e T - / wghen. B ~E /20
B 1/3 [P | / X % 7 |/ V. P
~’ Ysynchr. v ~ 17
M2<<I 1 A+ e : f E~1017(eV/E,)
. p‘\ iy
\‘ 7t()
2/3 (pY~ % \
Synchr
External e\ f
Photon contribution, 7 Finverse . Compron) ‘\ e
and viable process to
Synchrotron e \/‘S clsis
accelerate protons /| Radiation y
| <\<(<‘D\ »
Broad Lir‘;eolitegion(UV) e — 2. ANy
o 001 P Primaryp/e- =~ " Ay
S /A Hadronic model (Inverse)
m-decay _<——\ Compton
/" Synchrotron ! \
CTA/SKA/IceCube strong

synergy

1 keV 100 GeV 50 TeV
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more complex mode with see Teresa Talk/ IceCube results 2022
pp corona/outflows

can explain lceCube results for Sy2 NGC 1068

but also y-NLS1/CSS have a corona
and possible signatures of winds/outflows, hence
such a model might produce neutrinos in the gamma-ray
opaque regions of jetted AGNs

corona —

IceCube Collaboratlo“
black hole —

Neronov&Semikoz 2020

for pp applied to pc scale of relativistic jets
propagating through circumnuclear medium of the AGN

s p Spectrum
-+ Bremsstrahlung °
10721 = e omvon Eichmann+ 2022, see also Murase papers
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Log vL(v) (erg s )

| variability on short time scales: acc. and cooling (lags, hyst. cycle etc...)

’
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et

Padovani+ 2017 Mrk 421 single episode, single process Katarzynski+ 2005
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long term and delays on weeks to years timescales

MW variability and correlation studies of Mrk 421 during historically Rad IO-Y delay |n M rk 421 (monthS)

low X-ray and y-ray activity in 2015-2016
Magic coll. 2020
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long terms depends on jet

feeding processes and jet structure: W. Max-Moerbecks 2014
B. Pushkarev+ 2010

AD instabilities ,BH spin, jet geometry Ghisellini« 1988

see Vitalii Talk



long/short term variability: jet feeding/powering

ey
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BZ process prOVideS the

mechanism to work, the system requires two ingredients:

L - a central spinning black hole and B gradlent tO accelerate the jet
credit picture Sera Markov - a surrounding disk of plasma with a strong poloidal magnetic
field. Once accretion onto the black hole has begun, the magnetic
field lines embedded in the disk, due to the frame dragging, twists
Field toroidally-dominated the field lines into following the rotation of the black hole.
| Bs> B,
Fully poloidal D = B<2;.’> /2 '

oy Frame dragging
B - and

differential rotation provides content
of pairs during

disk variability » Jet variability magneti reconnection
plus pre-acceleration
of particles

» jet powering

(a) (b)

Disk, differential rotation, B&P wind
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# standard picture: cooling break scenario

The peak frequency dynamic
range, for LSP, is low, Log (L) FSRQs
this might hide the emitters 48

evolution
Ahnen+ 2015 (MAGIC) even though some

FSRQ PKS 1441+25
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# standard picture: cooling break scenario

The peak frequency dynamic

range, for LSP, is low, Log (L) FSRQs
this might hide the emitters 48
evolution
Ahnen+ 2015 (MAGIC) ESROQ PKS 1441425 even though some
log1o(E) [eV. peak shift
-4 -2 0 2 4 6 8 10 12 46 Tramacere +2009
Ife—————— T T 7] are observed...
| A (MJD 57125.0-57130.0) TR P
0F 5
s 446
s g {45
2r | S i
3 i -~ 2 m*a 3 1 44
‘ / ’ { %
P AL \\ 43
4ELI‘ | ! Iy ‘ | 1 | 1 | ]l 1 !
“I[B (D 57130.0-57135.5) it ;47 \X‘
A Log(nu S) o7
0 -E 9
o0 3
L a0
— Dammando+ 2012 FSRQ PKS 1510-089 =
D -10F
— .
N — -
bo —10.55 7 \
= Ee % | \ -
_lloj .. i q | | \I | | | \\
‘a‘ : \§i: :?::.' : T 1 I I | I }
Q"g —11.5:— —: —
s = -iz0 .
] P |
2 k _12'5; arch 20-22, 2008 | |
B arch 18, 2009 i
< . 1 \ : 3 B arch 25, 2009 B
[ ;‘ ) 4 j 13 -13.0- arch 25-26, 2009 | | /
4[_[_1_1 [ A T L I I I ] } 1 -i ° ‘1‘4 “““““ 1‘5 ““““ 6 i /
10 12 14 16 18 20 22 24 26 T e S S M E—

| | 14 16 18 20 22 24 26
log1o (Frequency) [Hz| Log(v) (Hz)



’
omie
T

X-ray phenomenology and stochastic acceleration

Es-b plane

Tramacere+2007,2009
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I_Mrkl421 (9yearsofdata)
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Does HBLs provide the most
efficient class to study the
acceleration?

Is it the blazar sequence: the
larger the peak luminosity
the lower the luminosity a
sighature of the physics, or is
there a bias from considering only
the cooling?
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Polarization

mrk 501, quiescent sate iXPE recent results (nature 2022)
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see Hancheng Talk

- polarization ~ 10%<< ~70% from

ordered fields
* hints for turbulence impacting on
B structure

- multi-zone vs single zone
- B orthogonal to the jet axis

- hadronic-leptonic discrimination
(but VHE spectral signatures are
mandatory to break degeneracy)

 intrinsic difference between
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EHT Nature 2021
interaction region between an accretion-
powered outflow and the fast jet spine, which is
potentially powered by the black hole spin

«— Distance:

@, x60 000 000 1 Light Day

b Magnetically dominated jet Kineticall minated jet blazar zone

Torus field (IR)

Shukla and Mannheim, Proadiine rE 'S e g (x/y) flares
Nature - . \,,/ > turb. stochastic
Communications 2020 Tgrbglen_cw = acceleration
: = ,ol
\\5} 4 M
expansion

Helical magnetic field
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radio delay

Radio morphology and radio-gamma delays
Kovalev+ 2020 break occurs at MD~KD, I saturates
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self-consistent approach

here we add adiabatic cooling

(t=time elapsed from the expansion)
1V Rt  PexpC

Parker 2006, Stawartz&Petrosian 2008 Tramacere+2011

-

injection term

_J

_/

[Vaal = 3y %7_ R(t)y Liyi = Vace fymeczQ()/, f)d’)/ (erg/s)
\ . /
X : systematic term h
=8 S(,t) = =C(v,t) + A7, 1)
cooling term syst. acc. term
C(y) = [Vsmenl +1Vicl + Vadl A(y) =Apy,ta = ALO
. y
/
s / \ A
on(y,t 0 0 0 , ,
(¥, 1) _ { [S (v, 1) + Ds(y, )]n(y, t)} + { D,(y,1) n(y, t)} n(y,t)  n(y,?) + Oly. 1)
3t (‘}y (9’)/ esc(Y) I
N\ \ \
N Tad\: 15 (Gould 1975)
- * )

Turbulent magnetic field —>

k

W (k) = k—o)_q

e

momentum diffusion term
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Tramacere+ 2022 (see also Boula 2022) Ar=texpBcl (obs rest frame) Ry
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self-consistent approach
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Connection with MQ

e Iransient jets with BH ~ M

and complex interaction
between accretion and jet
formation. Crucial to
understand processes of jets
at AGN scales, and for
understanding mechanisms
such as BZ

CTA sensitivity will allow

discriminate better between
leptonic and lepto-hadronic
models

Synergy with SKA will have
strong implication on jets
energetic and Magnetic
field topology

CTA+SKA Jet feeding
(BZ,etc)

Recent IXPE measurements
confirm pol. angle parallel to
the jet axis as in the case of
blazars!
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self-consistent approach
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Lp-vs-curvature
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self-consistent approach
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see satoshi

Massaro, Grindlay, Paggi 2010

* GRB 910601

* GRB 920622

0.1

recent iXPE polarization measurements with PD~10% similar to Mrk 501 (see Hancheng)

E (MeV)

10

connection with GRBs

prompt spectral features

« b~[0.6-0.8] compatible with equilibrium, hinting for

larger magnetic fields and shorter t_acc compared to
blazars

Li 2022
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see satoshi prompt  Lpiso~Ep©

« index of a~2 is compatible with B as main driver
« index of a~1.5 is compatible with vysp increasing Tramacere 2011
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connection with GRBs

see satoshi

prompt  Lpiso~Ep°

« b~[0.6-0.8] compatible with equilibrium, hinting for
larger magnetic fields and shorter t_acc compared to
blazars

« index of a~2 is compatible with B as main driver

- index of a~1.5 is compatible with ys3p increasing

keeping N(ysp) constant
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CTA can help in filling the gap between macro
and micro physics
But, we need to have MW/MM simultaneous observations
in particular X-ray (possibly with polarimetry)
we need to look at jets in different environments
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