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•  Jet composition ó Jet power 
(Celotti & Ghisellini ++) 

•  Discrepancies in Γb	


(Bulk Lorentz Factor Crisis, Henri & Saugé 06)	



•  Acceleration and confinement of a highly relativistic 
flow 

(Blandford’s talk) 
•  Link with BH spins 
•  Absence of Compton bump (Sikora) 
•  … 
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*H. Sol, G. Pelletier, E. Asséo, 1989 
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"   MHD jet or wind 
•  Fuelled by accretion disk 
•  Baryon loaded 
•  Midly relativistic (≈0.5c) 
•  Carries most of the power 

*H. Sol, G. Pelletier, E. Asséo, 1989 
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"   MHD jet or wind 
•  Fuelled by accretion disk 
•  Baryon loaded 
•  Midly relativistic (≈0.5c) 
•  Carries most of the power 

"   Inner Jet 
•  Pairs e-/e+ (NO baryons here) 
•  Highly relativistic (Γ≈10) 
•  Responsible for most of the 

non-thermal emission 
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"   MHD jet or wind 
•  Fuelled by accretion disk 
•  Baryon loaded 
•  Midly relativistic (≈0.5c) 
•  Carries most of the power 

"   Pairs get energy through the 
two flows interaction (2nd 
order Fermi process) 

"   Inner Jet 
•  Pairs e-/e+ (NO baryons here) 
•  Highly relativistic (Γ≈10) 
•  Responsible for most of the 

non-thermal emission 

*H. Sol, G. Pelletier, E. Asséo, 1989 
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Hot pairs emitting γ-rays 
along the jet 
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Radiation dominates the 
dynamic of hot pairs! 

Hot pairs emitting γ-rays 
along the jet 
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Radiation dominates the 
dynamic of hot pairs! 

Hot pairs emitting γ-rays 
along the jet 
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tIC(�e) ⌧
Z

c

*(O’Dell 81, Phinney 82) 

Anisotropic 
photon field 
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Energy source = MHD 
turbulence 

 NOT external photon 
field 

Cooling compensated 
by continuous 
re-acceleration 

(≠ Phinney 82) 
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Variation of AGN Jets Celerity Due to 
Compton Rocket Effect in a Complex 

Photon Field 

&F;MB  
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Compton Rocket: thrust applied to a plasma due to the inverse Compton radiation of its relativistic particles (see also Compton drag). 
In the two-flow paradigm, pairs in the inner jet stay relativistic along the jet thanks to interaction with the MHD outer jet (through 2nd 
order Fermi processes). In this situation, the Compton rocket process dominates the dynamics and determinates the inner jet velocity. 

Energy source = 
relativistic particles 
≠ Radiation pressure  

In the case of inverse Compton scattering (    ) on an 
external photon field (   ), the radiation goes mainly 
backward to the photon source (due to relativistic 
aberration) in the bulk rest frame. As the external radiation 
field changes in the bulk rest frame depending on the bulk 
Lorentz factor Γ, this sets an equilibrium bulk Lorentz 
factor Γeq for which the soft photon flux becomes null in the 
rest frame. 
 

Top: Sketch of the complete model in the two-flow paradigm (inner 
highly relativistic jet and outer MHD jet) with the photon field of an 
accretion disc, a dusty torus and a broad line region. 
Right: Resulting Γeq(Z) for the different radiative sources and their 
effects. 

AGN 
with several 

photon sources 
Compton 
Rocket Variation of  Γ along the jet… 

Black lines show the apparent equilibrium Doppler factor δeq for 
different µobs = cos iobs in function of the jet altitude in the case (Finite 
disk + Torus + BLR) seen above. Emission is enhanced where δeq 
is maximal. 
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Emission “echoes” 

Emission received by an observer from a source launch at the base of 
the jet at t=0 and moving forward with a bulk Lorentz factor Γ. 
Compared to a constant Γ=5, the case Γ=Γeq shows «echoes» at 
different timescales. 

…which leads  

…in 
space 

…and 
in time 

More information on the two-flow model on T. 
Vuillaume’s talk on Friday. More information on 
the Compton rocket process and its effects in 
Vuillaume et al 2015, submitted to A&A. 

Γeq depends only on the sources geometry in the 
Thomson regime but the terminal velocity (as 
measured by VLBI) depends on the jet energetics: 

to modulation of the emission… 
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"   Many problems disappear or seem easier to 
overcome in this paradigm: 
ü Discrepancy in bulk speeds => natural explanation 
 
ü Jet composition and power => e-/e+ at high Γ and e-/p

+ midly relativistic carrying the power 
 
ü Only hot particles move at relativstic bulk motion 

  = no Sikora bump 
 
ü Compton drag/rocket not an issue but a solution to the 

acceleration to relativistic speed issue 
 
ü Not necessarily BZ process => link with BH spin 

-I>?F ;>P;HN;A?M 
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"   Diffuse acceleration => diffuse emission 

" 1 zone modeling => continuous emission = stratified jet 



B(Z) 
R(Z) 
Q(Z) 

-I>?FCHAn MNL;NC@C?> D?N 

Particle heating 
term modeling 
tubulence 

Γ(Z) and ne(γe,Z) 
computed ! 

Initial conditions 
at the base of 

the jet 

≈ number of 
parameters for 1 
zone modeling	
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"   Pile-up: Result from 
stochastic 

acceleration 
processes  ne(�, Z) = Ne(Z)
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"   Pile-up: Result from 
stochastic 

acceleration 
processes  

Result from 
pair-production 
& annihilation 

Result from balance 
between cooling 

and heating 

Computed parameters! 

ne(�, Z) = Ne(Z)
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"   Pile-up: 

Can appear as a power-law 
by convolution… 

ne(�, Z) = Ne(Z)
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"   Computation of radiative processes 
o  Synchrotron 
o  Synchrotron Self-Compton 
o  External Compton (disc, dusty torus, BLR) 

"   Pair production and annihilation, absorption 

"   Anisotropy of the sources and emission 

"   Compton Rocket 
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"   Coherent paradigm – not mainstream but with a lot of 

explanatory potential 

"   Important current issues easier to explain 
 
"   Self-consistent computation of physical parameters and 

emission 

"   Γ NOT free - imposed by external sources (through 
Compton Rocket effect) 

"   Future: time dependent version of the model 


