Simulating the recollimation
shocks, mstabilities and
particle acceleration in

relativistic jets

Agnese Costa,
Fabrizio Tavecchio,
(INAF OA Brera -Merate)
Gianluigi Bodo
(INAF OA Torino)

PUMA
28.09.2022



Overview

& Introduction: relativistic jets, shocks and instabilities

& TeV blazars

® 2D vs 3D simulations
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Relativistic AGN jets

Plasma made of ions + electrons (or pairs)

Launched to relativistc speed

Powerful and long

Bright: from thermal to non thermal emission, broad in
frequencies.

Complex and various phenomenology.

M87, NASA and The Hubble Heritage Team



Relativistic AGN jets

Cygnus A, NRAO, Radio

M87, NASA and The Hubble Heritage Team, optical




Many open questions!

main properties?

launching

|

non thermal emission

particle acceleration

injection of non thermal
particles: pre-acceleration
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Acceleration in jets




Acceleration in jets




Acceleration 1n jets

shocks - loss of continuity in the termodynamical quantities and
B (p,p,v,B)

it happens as a perturbation moves through the fluid with
supersonic speed

it converts bulk kinetic energy into thermal energy: p and
P Increase




Acceleration in jets
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Recollimation shockscaused
by the pressure of thexternal
medium
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Acceleration 1n jets

| J , /ers

& Relevant for mildly and highly
reconnection magnetized jets

& Studied through particle in cell (PIC)
simulations

& Strongly coupled with turbulence

Bhattacharjee

et al. (2009);
simulations by
Y.-M. Huang




Acceleration in jets

& Fermi acceleration, second order efficient
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Acceleration in jets

& Fermi acceleration, second order efficient
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& Grows from instabilities: at both large and

microscopic scales.

and
Instabilities !




Acceleration in jets

Fermi acceleration, second order efficient
<AE> (V)Z
OC —
E c

Grows from instabilities: at both large and
microscopic scales.

and
Instabilities !

On large scales: Kelvin-Helmholtz,
centrifugal instability, kink instability




Acceleration 1n jets

instabilities !

DB: data.00é60.vik
Cycle: 60 1 Time:60

Pseudocolor
Var: rho
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& Fermi acceleration, second order efficient
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& Grows from instabilities: at both large and
microscopic scales.

¢ On large scales: Kelvin-Helmholtz,
centrifugal instability, kink instability...
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Acceleratiqg

® Fermi acceleratio

& Grows from instz
microscopic scalg | | i
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& On large scales: Kelvin-Helmholtz,
centrifugal instability, kink instability...
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Extreme TeV blazars

Swift 2008 HESS deabs.
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Blazars with high energy peaked, hard spectrum.
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What’s the acceleration process of the emitting particles?
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1ES 0229+200
z=0.1396

Costamanteet al. 2018



Extreme TeV blazars
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1. A series of recollimation and reflection shocks (Zech
A., Lemoine M., 2021)

(supported from 2D simulations)

Swift 2008

1ES 0229+200
z=0.1396

Costamanteet al. 2018

HESS deabs.




Extreme TeV blazars

Swift 2008 HESS deabs.

Blazars with high energy peaked, hard spectrum.

What’s the acceleration process of the emitting particles?

1. A series of recollimation and reflection shocks (Zech
A., Lemoine M., 2021)

(supported from 2D simulations)

2. Recollimation shock + turbulence

(supported from 3D simulations) Tavecchio et al., 2022






