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Extragalactic jets on all scales - launching, propagation, termination

Flux variabllity from ejecta in
structured relativistic jets with
large-scale magnetic fields
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Context

« RADIO LOUD » AGN :

Radio Image (VLA)

e The luminosity can reach extremely high values
L.~ 10" erg-s-1;

B1
e Non thermal emission, extended from radio up to very : l i

high energy gamma rays; | T ‘T x

e Presence of stationary emission zones in the jet (knots). Hubble Space Telescope

Chandra X-ray Observatory

Panel of optical, radio observation maps (Perlman et

al. 1999) and X-ray maps (Marshall et al. 2002) of the
M87/ jet.



Context

20

=

w

«

£ 10

S

S

£
0
4

@

3

3

&
0
2
15

5

2

e! 1
0.5

Chandra (2-10 kaV)
| = kM0tHST-1

== ="' nudeus .~
B e LN e S T

Bevmnaa “...-o ...........

_ [viBA (®3 GH) C
— ®  nucleus (r=1.2mas)
— B peak flux density
B 4 ___Jetwio nucleus (1.2-5.3 mas)

¥ Ny
A 3

TT T [ TGl T T[T T

4 ' ' l L — l L
02 Apr 2007 02 Jul 2007 01 Oct 2007 01 Jan 2008 01 Apr 2008

M87 - Acciari et al. 2009.



Context

« RADIO LOUD » AGN :

12264023 1995.57  MOJAVE Program

e The luminosity can reach extremely high values
L.~ 10" erg-s-1;

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

e Presence of stationary emission zones in the jet (knots).
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ELECTRON ACCELERATION AT SHOCKS :

e Flux variability observed at various wavelengths
(sometimes simultaneously);

e Observation of emission zones moving at ultra- 10
relativistic speeds; Relative RA. (mas)

. . MOJAVE PROGRAM - OVRO 15 GHz (Lister et al. 2018)
» Fermi | acceleration type on shocks.
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SRMHD Radiative processes

< Outer jet ]y
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SRMHD Radiative processes

< Outer jet ]y
K = f(e n
Ejecta N=K°}/_p f( th,eacEapa e)
e
ene = 0.01 - ey
Shock
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SRMHD Radiative processes

< Outer jet ]y
K = f(e C n
Ejecta N=K-}/_p f( th,e » Bs P e)
e
eth,e — 001 . eth
Shock
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> Ve
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—no radiative losses !
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SRMHD

Radiative processes

< Outer jet

K =f(eth,e’ CE 9p9ne)

Ejecta
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> Ve
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— <2 —no radiative losses !
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Shock

g v 5 = (Y(I—ﬁ-cos(é’obs)>>_l

R

Inner jet Ambient medium




Magnetic field configuration

Low jet magnetization : ¢ < 1072, in order to allow
diffusive acceleration on internal shocks.
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From SRMHD jet simulation to 2D map and light curve

Double component, toroidal case of jet
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Double component, toroidal case of jet
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Double component, toroidal case of jet
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Flux origin :

Ejecta — Jet - Total (Ejecta + Jet)

Light curves
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T : Toroidal HL : Helical . Four light curves for each case - 6, = 90° and v = 10” Hz.
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Application to 3C 273
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A : Distance to the core of radio knots analyzed by MOJAVE.
B : Radio jet light curve observed by OVRO.
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Application to 3C 273
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Conclusion
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Bonus : 2D synchrotron maps

(H)
ACCEPTED IN A&A (FICHET DE
CLAIRFONTAINE ET AL. 2021):
. : (Riet) (P)
e General study on the impact of a magnetic
field configuration (four cases tested);
e Standing shock morphology : difference ™
between H-T and P - HL :
e Magnetic tension in T — compact; -
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Bonus : 2D synchrotron maps

(H)

ACCEPTED IN A&A (FICHET DE
CLAIRFONTAINE ET AL. 2021):

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

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

e Magnetic tension in T — compact;

e Poloidal component — instabilities.
Synchrotron flux (mJy)
4.9e-07 1.0e-6 2.0e-6 5.0le-6l - ll.OIe-S 2.0e-5 5.09-5l - l|.0|9-4 2.019-4 5.0e-4 1.0e-3 2.0e-3 4.9e|-03
I  oneesssm b e ——

10


https://www.aanda.org/articles/aa/full_html/2021/03/aa39654-20/aa39654-20.html
https://www.aanda.org/articles/aa/full_html/2021/03/aa39654-20/aa39654-20.html
https://www.aanda.org/articles/aa/full_html/2021/03/aa39654-20/aa39654-20.html

Bonus : 2D synchrotron maps

(H)

ACCEPTED IN A&A (FICHET DE
CLAIRFONTAINE ET AL. 2021):

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

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

e Magnetic tension in T — compact;

e Poloidal component — instabilities.
Synchrotron flux (mJy)
4.9e-07 1.0e-6 2.0e-6 5.0le-6l - ll.OIe-S 2.0e-5 5.09-5l - l|.0|9-4 2.019-4 5.0e-4 1.0e-3 2.0e-3 4.9e|-03
I  oneesssm b e ——

10


https://www.aanda.org/articles/aa/full_html/2021/03/aa39654-20/aa39654-20.html
https://www.aanda.org/articles/aa/full_html/2021/03/aa39654-20/aa39654-20.html
https://www.aanda.org/articles/aa/full_html/2021/03/aa39654-20/aa39654-20.html

