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Snios et al. 2019 (NASA/CXC)

B A C K G R O U N D

«  R A D I O  L O U D   »  A G N  :  

• The luminosity can reach extremely high values 
; 

• Non thermal emission, extended from radio up 
to very high energy gamma rays; 

• Presence of stationary emission zones in the 
jet (nodes). 

Ltot ∼ 1047 erg ⋅ s−1
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«  R A D I O  L O U D   »  A G N  :  

B A C K G R O U N D

Panel of optical, radio observation maps (Perlman et 
al. 1999) and X-ray maps (Marshall et al. 2002) of the 
M87 jet.
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L I G H T  C U R V E S  :  

B A C K G R O U N D

Fν

t

τ

• Variability observed at various wavelengths 
(sometimes simultaneously) with 
characteristic times  between months 
(radio) and minutes ( ); 

• Observation of emission zones moving at 
ultra-relativistic speeds. 

τ
γ

1. Plateau due to continuous emission; 
2. Flare event with a typical time-scale.
1. Plateau due to continuous emission; 
2. Flare event with a typical time-scale.
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L I G H T  C U R V E S  :  

B A C K G R O U N D

Acciari et al. 2009.5



L I G H T  C U R V E S  :  

B A C K G R O U N D

MOJAVE PROGRAM - OVRO 15 GHz (Lister et al. 2018) 

• Variability observed at various wavelengths 
(sometimes simultaneously) with 
characteristic times  between months 
(radio) and minutes ( ); 

• Observation of emission zones moving at 
ultra-relativistic speeds. 

τ
γ
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• Link between acceleration / MWL emission processes 
in jet physics ? 

• Origin and localization of variability ? Can it be 
explained by the interaction of the jet with a moving 
shock zone ? 

• Is it possible to explain the observations for different 
types of objects ? Is it possible to imagine a 
unification of current models ? 

S O M E  Q U E S T I O N S  :  

O B J E C T I V E S  O F  M Y  T H E S I S  

jet  
modeling 

+  
Radiative  
processes

R A D I O  X - R AY    ⟶ ⟶ γRAD IO
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reproduce  
specific  
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• Solving the equations of the relativistic MHD in 
each cell within an adaptive mesh; 

• Four zones simulated, each with a set of initial 
conditions; 

• Ejecta : spherical zone insert at the base of the 
inner jet (over pressure / denser zone).  

M P I - A M R VA C  ( K E P P E N S  E T  A L .  2 0 1 2 )  :

S R M H D  J E T  M O D E L I N G z

R
Inner jet

Outer jet

Ambient medium
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• Injection following a power-law between 
two cut-off values; 

•  depends on the density and thermal 
energy medium, as well as  (Gomez 
et al. 1995).  

K
γe,min

I N J E C T I O N  O F  PA R T I C L E S  :  

P O S T- P R O C E S S I N G
N

γeγe,min γe,max

N = K ⋅ γ−p
e

K = f(eth,e , CE , p , ne )

eth,e = 0.01 ⋅ eth

ne = 0.01 ⋅ n

CE = γe,max/γe,min = 103

K = f(eth,e , CE , p , ne )K = f(eth,e , CE , p , ne )

eth,e = 0.01 ⋅ eth

ne = 0.01 ⋅ n
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• Estimation of the synchrotron parameters 
(Rybicki & Lightman, 1979); 

• Our model takes into account Doppler 
relativistic effects with the observation 
angle ; 

• Output : 2D synchrotron flux map and light 
curves.  

θobs

S Y N C H R O T R O N  E M I S S I O N  :

P O S T- P R O C E S S I N G jν = δ2 ⋅ jν′ 

αν = δ−1 ⋅ αν′ 

τν = τν′ 

δ = (γ (1 − β ⋅ cos (θobs)))
−1

jν = δ2 ⋅ jν′ 

αν = δ−1 ⋅ αν′ 

zθobs

Jet
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• General study on the impact of a 
magnetic field configuration (four cases 
tested);  

A C C E P T E D  I N  A & A  ( L I N K ) :

R E C E N T  P U B L I C AT I O N
H T

P HL

⃗B
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R E C E N T  P U B L I C AT I O N

Double component toroidal case of jet (with moving shock).

eth

∼ n
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• General study on the impact of a magnetic 
field configuration (four cases tested);  

• Standing shock morphology : difference 
between H - T and P - HL :  

• Magnetic tension in T  compact; 

• Poloidal component  instabilities.  

⟶

⟶

A C C E P T E D  I N  A & A  ( L I N K ) :

R E C E N T  P U B L I C AT I O N

Synchrotron flux maps -  and .θobs = 90° ν = 109 Hz

• General study on the impact of a magnetic 
field configuration (four cases tested);  

• Standing shock morphology : difference 
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• Magnetic tension in T  compact; 

• Poloidal component  instabilities.  

⟶

⟶
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• Light curves : 

• Flare event during each moving / 
standing shock interaction; 

• H - T : flux coming from the moving 
shock region, marked flares; 

• P - HL : flux coming from the jet itself, 
less marked flares.  

A C C E P T E D  I N  A & A  ( L I N K ) :

R E C E N T  P U B L I C AT I O N

Four light curves for each case -  and .θobs = 90° ν = 109 Hz
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• Qualitative comparison with radio flare 
event in 2014 in 3C 273; 

• Observational constraints :  

• Observation frequency 15 GHz (OVRO 
Telescope); 

• Observation angle . 

• From observations : flares during first 
moving / standing emission zone; 

• Flare asymmetry compatible with 
.

θobs = 2°

θobs = 2°

A C C E P T E D  I N  A & A  ( L I N K ) :

R E C E N T  P U B L I C AT I O N
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• New effects being tested : radiative cooling (MPI-AMRVAC) and time delay effect on flare morphology (tested 
right now on a toy model); 

• Dedicated study on a specific object (as M87) : the goal is to reproduce observations from radio up to X band. 

P R O S P E C T S  :

C O N C L U S I O N

THANK YOU ! QUESTIONS ?

Believe it or not, thats a moving shock 
wave… 

W H AT  H A S  B E E N  D O N E  :

• Clear dichotomy on the influence of toroidal / poloidal field; 

• First comparison promising by reproducing observational characteristics. 
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