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Radio-loud AGN are among the most powerful objects in the universe. In these objects, most of the emission comes from the relativistic

jet  getting  its  power  from  accretion  processes.  However,  despite  many  studies,  the  jets  acceleration  to  relativistic  speeds  is  still

misunderstood. The bulk Lorentz factor characterizing the speed of these flows cannot be precisely measured and only limits have been

established. 

It is widely admitted that jets are composed of relativistic particles emitting light through several physical processes, one of them being

the comptonization of photons coming from external sources to the jet. It has been shown that this emission can drive a group of highly

relativistic leptons placed in an external photon field to relativistic bulk motions through the Compton rocket effect. In this work, we

investigate this process and compute the resulting bulk Lorentz factor in the complex photon field of an AGN composed of several

external  photon  sources. 

To do so, we model the sources present in the inner parts of an AGN (the accretion disk, the dusty torus and the broad line region), taking

precisely into account their geometry and anisotropy to numerically compute the bulk Lorentz factor of the jet at every altitude. The study,

made for a broad range of parameters, investigates the patterns of the bulk Lorentz factor depending on the external sources which show

some interesting and unexpected behaviours with natural acceleration and deceleration zones in the jet.
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Active Galactic Nuclei 
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Active Galactic Nuclei 
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Active Galactic Nuclei: high Γ"

Apparent superluminal motion 
requires relativistic speeds 
⇒ high Γ"

Evolution of 3C279 

Bulk β =

v

c
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Active Galactic Nuclei: high Γ and high γ"

Apparent superluminal motion 
requires relativistic speeds 
⇒ high Γ"

Evolution of 3C279 
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Bulk particles 

Very high energy photons require very high 
energy particles to be produced 
⇒ high γ"

β =

v

c
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Inverse Compton process 

Thomson regime = elastic scattering: 
 

ε ≈ ε
0
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Relativistic changes of frame: aberration 

* = rest frame 

Iν

I
∗

ν
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Relativistic changes of frame: beaming 

* = rest frame 



Compton rocket ? 
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Proposed by O’Dell 1981 
“a relativistic plasma […] when exposed to an 
anisotropic radiation field, acts as a rocket – a 
‘Compton rocket’.” 



Compton rocket ? 
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Compton rocket ? 
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Compton rocket ? 
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I
∗

ν

Energy source = 
relativistic particles 

NOT external photon field 



Equilibrium bulk Lorentz factor 
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FCR ∝ H
∗

Specific intensity of the radiation angle and solide angle 
under which the source is seen 

with H∗ =

Z
I∗
ν
(Γ,Ω∗) cos θ∗

s
dΩ∗ dν∗

frequency 

* = in the rest frame 



Equilibrium bulk Lorentz factor 

15 H* > 0 H* < 0 H* = 0 
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Equilibrium bulk Lorentz factor 

In the Thomson regime: 
 
 H∗ = (J +K)βeq −H(β2

eq
+ 1) = 0

J =
1

4π

Z
Iν(Ω) dΩdν

H =
1

4π

Z
Iν(Ω) cos θs dΩdν

K =
1

4π

Z
Iν(Ωs) cos

2
θs dΩdν

with J, H, K, the Eddington parameters depending on the radiation field 



•  Phinney 1982: 
–  inefficient for protons 

–  the particles cool down quickly 

Application to (AGN) jets 
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end of the Compton rocket ? 



•  Phinney 1982: 
–  inefficient for protons 

–  the particles cool down quickly 

•  Sol et al 1989 & the two-flow model: pair plasma energized 
by MHD jet 

Application to (AGN) jets 

18 
*extracted from Henri & Pelletier 1991 

end of the Compton rocket ? 
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Application to AGN jets: full model 

⇒  Compute H and derive Γeq such as H*(Γeq) = 0 at 
every altitude in the jet 

Torus 

Standard 
accretion disk 

Broad Line 
Region (BLR) 
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Γeq in an AGN photon field 
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Ri the disk internal radius 
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δeq in an AGN photon field 
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Implied variability ? 
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*see Vuillaume et al 2014, in prep, for more 



27 

Summary 
 
 

•  Compton rocket is an elegant mechanism to accelerate jets 
to relativistic speeds in the two-flow paradigm 

•  A complex photon field imply variations of  Γ along the jet 

•  These variations can have effects on: 
•  the localization of bright spots 
•  the time variability 


