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E M I S S I O N  F E AT U R E S  
I N  A G N  J E T S

• We can identify two main regions : 

• Standing regions : understood  as 
recollimation shocks in the jet, 

• Moving  regions  : understood* as 
moving ejecta (blob) in the jet. 

• Efficient particle acceleration mechanism 
 Fermi I*  

• Flare event during shock - shock 
interactions ? 

*

⟶

2

Jet

BH

* in this study.
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M O D E L  ( 1 )  :  R E C I P E  F O R  
A  R E L AT I V I S T I C  J E T

1. Use the AMRVAC code [5] which can 
resolve SR-MHD equations inside an 
adaptive cell mesh. 

2. Initial cylindrical jet set with initial 
conditions ( ). 

3. To reproduce standing knots : use an 
over-pressured jet [2, 3] (compared 
to the ambient medium) : .

p, ρ, ⃗B , ⋯

pjet > pam

ρam pam

ρjet < ρam pjet > pam γjet = 3

3

Jet propagation axis
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M O D E L  ( 1 )  :  R E C I P E  F O R  
A  R E L AT I V I S T I C  J E T

Jet propagation axis

4

4. Detect the shock regions in the jet 
by checking variations of . 

5. Inject relativistic electrons in shocks. 
We define an energy  and a 
density .  

6. Check for radiative cooling : extract 
a fraction of energy along time [6]. 

ℳ

γe
ne
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M O D E L  ( 1 )  :  R E C I P E  F O R  
A  R E L AT I V I S T I C  J E T

7. Launch computations on super-
computer (such as CINES / Meso-
PSL) and wait a few days. 

Picture may differ from actual products…
5
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M O D E L  ( 1 )  :  A N D  
T H E  E J E C TA  ?

• We inject an ejecta at the base of our 
jet with : 

•  ,    and . 

• It generates a moving shock able to 
inject relativistic electrons.  

• Perturbations appear in the wake of 
the ejecta…

ρej = ρjet pej = pjet γej = 24

6
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M O D E L  ( 2 )  :  
R I P T I D E  C O D E  [ 3 ]

• Radiation Integration Processes in 
Time-Dependent code.  

• Synchrotron parameters from 
relativistic electrons quantities 
( ).  

• Resolution of the radiative transfer 
equation along a line of sight.  

• Relativistic effects : Doppler 
beaming, light crossing time effect…

jν, αν, τν

Jet propagation axis

7
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O B S E R VAT I O N A L  
M A R K E R  N ° 1  :  T H E  F O R K

• We report the distance traveled by 
moving & standing regions in time.  

• Since the beginning, the leading 
moving shock is localized.  

• A relaxation wave appears during the 
third shock - shock interaction and 
propagates at lower speed. 

8

For low opacity and / or a high enough 
observation angle, we expect to see « fork » 
events in VLBI data.

µ o
b
s
=

90
°

µ o
b
s
=

10
°

0 10 20 30

50

100

150

standing shocks moving shocks

0.0 0.5 1.0 1.5 2.0
Observational time (year)

0

20

40

60

80

100

A
p
p
ar

en
t

d
is

ta
n
ce

tr
av

el
ed

(R
je

t)



O B S E R VAT I O N A L  
M A R K E R  N ° 1  :  T H E  F O R K

• We report the distance traveled by 
moving & standing regions in time.  

• Since the beginning, the leading 
moving shock is localized.  

• A relaxation wave appears during the 
third shock - shock interaction and 
propagates at lower speed. 

8

For low opacity and / or a high enough 
observation angle, we expect to see « fork » 
events in VLBI data.

µ o
b
s
=

90
°

µ o
b
s
=

10
°

0 10 20 30

50

100

150

standing shocks moving shocks

0.0 0.5 1.0 1.5 2.0
Observational time (year)

0

20

40

60

80

100

A
p
p
ar

en
t

d
is

ta
n
ce

tr
av

el
ed

(R
je

t)



O B S E R VAT I O N A L  
M A R K E R  N ° 1  :  T H E  F O R K

• We report the distance traveled by 
moving & standing regions in time.  

• Since the beginning, the leading 
moving shock is localized.  

• A relaxation wave appears during the 
third shock - shock interaction and 
propagates at lower speed. 

8

For low opacity and / or a high enough 
observation angle, we expect to see « fork » 
events in VLBI data.

µ o
b
s
=

90
°

µ o
b
s
=

10
°

0 10 20 30

50

100

150

standing shocks moving shocks

0.0 0.5 1.0 1.5 2.0
Observational time (year)

0

20

40

60

80

100

A
p
p
ar

en
t

d
is

ta
n
ce

tr
av

el
ed

(R
je

t)



O B S E R VAT I O N A L  
M A R K E R  N ° 1  :  T H E  F O R K

• We report the distance traveled by 
moving & standing regions in time.  

• Since the beginning, the leading 
moving shock is localized.  

• A relaxation wave appears during the 
third shock - shock interaction and 
propagates at lower speed. 

8

For low opacity and / or a high enough 
observation angle, we expect to see « fork » 
events in VLBI data.

µ o
b
s
=

90
°

µ o
b
s
=

10
°

0 10 20 30

50

100

150

standing shocks moving shocks

0.0 0.5 1.0 1.5 2.0
Observational time (year)

0

20

40

60

80

100

A
p
p
ar

en
t

d
is

ta
n
ce

tr
av

el
ed

(R
je

t)



O B S E R VAT I O N A L  
M A R K E R  N ° 2  :  T H E  E C H O

• We distinguish emissions coming 
from the ejecta / the jet ( °). 

• Low frequencies : 

• Emission & variability dominated 
by jet and relaxation waves.  

• High frequencies : 

• Clear echo after shock - shock 
interactions.

θobs = 90

9

We expect to detect an echo for all 
frequencies, but especially in the X-ray 
band.
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A P P L I C AT I O N  T O  3 C  1 1 1  :  

• Trailing components have been detected in 
1997 [4].  

• Trailing components  (F, E2, E3, E4) appear 
in the wake of a leading one (E, E1), after 
interactions with standing shocks. 

• Associated radio flare events have been 
observed with asymmetry due to emission 
from relaxation shocks. 

• Their origin are still matter of debate [1] but 
our scenario can explain fork events and 
the outburst. 

10

Core separation of components vs. time [4].
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Light curves of 3C 111 at 4.8, 8 and 14.5 GHz [4].



K E Y  TA K E A W AY S

• Thanks to a MWL study we aim to identify two relaxation waves observational markers : 

I. At low frequency : fork events could be detected and give us information on the jet 
physical parameters. 

II. At all frequencies (especially high) : flare echo after shock - shock interactions coming 
from shock oscillations and / or relaxation shocks. 

11

Comparison with 3C 111 is promising and dedicated simulations 
need to be done. Relaxation waves can help us to constraint the jet 

physics and build a coherent model of AGN.

Paper soon to be submitted to A&A ! 



R E F E R E N C E S

(1) Agudo 2001, The Astrophysical Journal, Volume 549, Issue 2, pp. L183-L186. 

(2) Hervet 2017, Astronomy & Astrophysics, Volume 606, id.A103, 16 pp. 

(3) Fichet DC 2021, Astronomy & Astrophysics, Volume 647, id.A77, 18 pp. 

(4) Kadler 2008, The Astrophysical Journal, Volume 680, Issue 2, pp. 867-884. 

(5) Keppens 2012, Journal of Computational Physics, Volume 231, Issue 3, p. 718-744. 

(6) Van Eerten 2010, Monthly Notices of the Royal Astronomical Society, Volume 403, Issue 1, Pages 300–316.

13

https://ui.adsabs.harvard.edu/abs/2001ApJ...549L.183A/abstract
https://ui.adsabs.harvard.edu/abs/2017A&A...606A.103H/abstract
https://ui.adsabs.harvard.edu/abs/2021A&A...647A..77F/abstract
https://ui.adsabs.harvard.edu/abs/2008ApJ...680..867K/abstract
https://ui.adsabs.harvard.edu/abs/2012JCoPh.231..718K
https://academic.oup.com/mnras/article/403/1/300/1017937

