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Universality of relativistic jet phenomenon
High energy sources

AGN

Microquasars

GRB

Pulsar wind nebulae

Similar physical processes may operate in all these objects



HOW JETS ARE ACCELERATED ?

Compact object + accretion disc

Current models for the jet acceleration are related to the interplay of magnetic
field and rotation.
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WHAT INSTABILITIES DO?

€ Instabilities = dissipation = radiation
@ [nstabilities > morphologies

@ Instabilities 2 momentum transfer, jet deceleration
formation of velocity structures

€ Instabilities = jet disruption
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HOW DO WE STUDY INSTABILITIES?

Linear analysis = What are the dominant modes of instabilities?
What are the driving forces?

: . NUMERICAL
Only valid when perturbations are small SIMULATIONS
LOCAL MODELS (small section GLOBAL MODELS (full jet propagation)
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LINEAR ANALYSIS
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We consider a case where the current is concentrated inside the jet
return current very far from the jet
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Bodo et al. 2013 LINEAR ANALYSIS RESULTS
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WHAT ABOUT ROTATION?

.m

STABILIZATION OF CURRENT DRIVEN MODE, BUT NEW MODES
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LOCAL ANALYSIS

(non relativistic, magnetically dominated jets)

We take a local section of the jet,
periodic boundary conditions along the jet

INITIAL EQUILIBRIUM (no rotation)
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Jet Energy (AQ)
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GLOBAL ANALYSIS —JET PROPAGATION

Jet Injection
+

perturbations

outflow

outflow

outflow

First case with no magnetic field: jet deceleration and formation of a spine layer structure
Turbulent structure driven by Kelvin-Helmholtz instabilities
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Mixing by shear instabilities

y=10,M =3, n =107

vy=10,M =3, n=10%
—>Relativistic spine
surrounded by a turbulent
mixing layer




Comparison with observations

Emissivity integration along the line of sight
at different projection angles o
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Jet Structure

» Back-end regions: quasi-periodic stationary pinch (m=0) shocks;
» Front-end regions: jet fragmentation at deflection sites forming
short-lived unstable structures;
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Magnetic Fields

» Magnetic field remains mainly toroidal or
helical during the propagation;

» Azimuthal field “shields” the core preventing
interaction with the surrounding?.

> Poynting flux efficiently diverted at the
termination shock and scattered via the
backflow to feed the cocoon.

> Magnetic field dissipates and becomes
turbulent in the cocoon (= randomization?)

!Mignone et al, MNRAS (2010) 402, 7; ?Porth et al., MNRAS (2013)



Current Sheets

» Current sheets localized in two regions:

at conical pinch shocks
- quasi-steady, periodic

» Magnetic reconnection

—> particle acceleration regions ?
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