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High energy emission Particle acceleration

Fermi ll

Matthews et al. 2020



Some novel ideas/results...

Radiogalaxies: spine-layer and shear acceleration
X-ray polarization of HBLs: stratified shocks?

Instabilities at recollimation shocks - extreme blazars



Structured jets

‘Spime

Ghisellini, FT and Chiaberge 2005
Tavecchio & Ghisellini 2008



Structured jets

Simulations predict spine-layer structure
Kovalev et al. 2007

Entrainment/instabilities e.g. Rossi et al. 2008
Acceleration process e.g. McKinney 2006

Mkn 501, Mkn 421, M87,
NGC 1275

oz Laing 1996

Giroletti et al. 2004
Piner & Edwards 2014

T30
Unification requires -Z Pushkarev et al. 2005
velocity structures w <8 Clausen-Brown 2011
Chiaberge et al. 2000 T oo Murphy et al. 2013
Meyer et al. 3
Sbarrato et al. 2014 o4

30 32 3

Log L [erg s-1 y-1 , , ’
— Similar suggestions for GRBs...



Shear acceleration

Rieger & Duffy 2004, 2019, 2021
Webb et al. 2018, 2020
Liu et al. 2017

Fermui-11 Lilkee Process
Scattering on turbulence

Shear

Log ¥3N(y) [arb.units]

Tavecchio 2021



Shear acceleration

tm:jectiow problem (nstabilities
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Tavecchio 2021 x, [c/w,)]
Sironi et al. 2021



HESS Coll. 2020
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PKS 0637-752

The classieal (C/CMB
meodel ts ruled out

-12 —+ @ four brightest knots

® knot wk8.9

i \y Fermi Upper Limits (this paper)
o- - Lucchini et al. 2017
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But still valid for high-z

Meyer et al 2017 ]
sources, Ighina et al. 2022



PKS 0637-752
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But caveats (see e.g. Breiding et al. 2022)

Tavecchio 2021 X ray emission narrower than radio...

see Paola’s talk (y =100 on the axis!)



HBLs: The most extreme accelerators

Mk 421
_9 I ] 1 ] 1 I 1 I 1 ] I ] ] ] I l I 1
[ Sy nehrotrom  (nverse
[ Compdton
— —10 | P N
Y . ?‘} :
] I
(o71] i =3 =
S - 9‘ =
= ) .
S -12 A
= i \:
; = —
(=]1] e 2
S -13 | : : t,..=24 h X
- o d
I , 1
&8 ||/ X-ra '
_14 -.l ‘l 1 | | l | 1 1 ﬁ | | | | l | |
10 15 20 25

Log v [Hz]



Particle acceleration at shocks

Upstream Shock front Downstream

W\/\\/\M
———NAMB NN
S AASWAY

vV, ' V4

nll [%]

X, [deg]

Efficient acceleration reguires Signature: high
(self-produced) polarization in X-rays,

magwnetic fields close to the lower at low frequency
-fm,,\,t Tavecchio et al. 2018, 2020




Log vF(v) [erg cm~2 s-1]
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Hints from IXPE

Di Gesu (+Tavecchio) et al. 2022
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First IXPE observation of MRn 421 in April 2022
Similar results for Mkn 501 (Liodakis et al. 2022)

Stratified shock?



Recollimation shocks

2D stmulations
Chaiwn of recollimation shocks
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Costa et al. in prep



(3D) Instabilities and recollimation

’
Abolmasov & Bromberg 2023 H’DJ et Lorrtz Factor
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(3D) Instabilities and recollimation

Low magw.

(a) HD t=40 X (b) MHD1 t=40 ;C
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Matsumoto et al. 2021



Extreme BL Lacs

Hard de-absorbed Hard X-ray

spea&rum SF’&CETMM

-10 AL AL B '\ L) I B S p 1/’] T
- S o T é d -
| f !

= -1
n I ]
E 12| i I + . -
° fi T w :
£ ! ;
;0' -13 - -
r-s“ [ I .
w -14 |- 0229+200 Observed T 0347-121 b
3 E Z=0.l4 SFQC&T'MM EE 2=0.188 ]
16 + -
3 PR PP P PP - P B B PP B
10 16 20 26 10 16 20 26

Swall radio flux Bonnoli et al. 2015

after Costamante et al. 2001



Extreme BL Lacs: low 0, unstable jets?

Swift 2008 HESS deabs.
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Tavecchio, Costa & Sciaccaluga 2022



Extreme BL Lacs: low 0, unstable jets?

Swift 2008 HESS deabs.
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Extreme BL Lacs: low 0, unstable jets?
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Any connection wit
(Giovannini et al. 2023)
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Energizing the particles

Ooastiwg rég LOW

PBSJPkin

Acceleration/collimiation
region

Ps > Py

Contopoulos 1994

Komissarov et al. 2009
Tchekhovskoy et al. 2009
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Magnetic field generation at shocks

<4

Downstream Upstream
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Alfven waves self-generated Caprioli & Spitkovsky 2014
by accelerated protons streaming upstream



Magnetic field generation at shocks

Trans-relativistic, nea rly parallel, Low o shock
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