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Outline 

 A brief introduction to shear acceleration 

 

 
 Accelerated particle spectrum by this mechanism 

      Fokker-Planck coefficient 
      time-dependent spectrum  
      the role of stochastic acceleration plays 
      UHECR acceleration 
 
 Possible application in explaining kpc-Mpc scale X-ray emissions from AGN jets 
      IC/CMB model v.s. synchrotron model 
      An example: knots of 3C 273 (two-component synchrotron) 



Shock acceleration (1st-order Fermi acc.) 

Stochastic acceleration (2nd-order Fermi acc.) 

Fermi-type acceleration 

(Figure from T.K. Gassier’s book) 
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Different geometry of 

the scattering center 

Shear acceleration 



A historical review 

non-relativistic 

gradual shear flow, 

 

particle’s direction 

randomized in 

each scattering 

event 



An independent 

derivation 

Extension to 

relativistic flow 

Extension to non-

gradual shear flow 

Application in 

specific cases 

  

and etc (can not list all of them) 



A complementary method 



Lorentz transformation 

3D mildly-relativistic flow with gradual shear  

<<1 



Average acceleration rate 

Under the condition of 
detailed balance 

q=1 

Linear shear 

Acceleration 

rate increases 

with particle 

energy! 



Fokker Planck equation 

(assume isotropic distribution in momentum space) 

Momentum dispersion Systematic change of momentum Diffusive 

escape 

Particle 

injection 

Scattering of particles in different part 

of the flow is essentially due to the 

scattering by turbulent waves 



Timescales of different processes 



Analytic solution (Steady state, escape ignored) 



Diffusive escape 

softens the spectrum 

Stochastic acceleration 

provide seed particle for 

shear acceleration 



Proton acceleration 

constraints (>r_g, stricter than Hillas condition ) 



Large-scale X-ray jet (>kpc scale) 

Harris & Krawczynski 2006 



One emission models      

Spectrum of different knots in 3C 273 jet 

and some other sources disfavor this model…  

X-ray softer than radio 

Jester et al. 2006 



Two emission models 

Jester et al. 2006 

Size of the X-ray bright region (knots >kpc; extended jet; kpc-Mpc) 

 

Cooling time of X-ray emitting electrons << kpc 

Low-energy electrons with 

strong Lorentz boost 
Distributed acceleration 

Proton 

synchrotron 
(e.g. Aharonian 2002) 



IC/CMB model may be already ruled out in some sources… 

While IC/CMB model can 

explain the SED, it can not 

explain the polarization 

Cara et al. 2013 

PKS 1136-135 
Two-zone 

IC/CMB 

Two-zone 

synchrotron 



IC/CMB model overproduces 

gamma-ray flux 

95% 

Meyer et al. 2014, 2015 

Other potential problems: 

 
• too long physical length 

of the jet 

• Too much energy 

required for the jet 

• Too many expectation at 

high z 

(Harris & Krawczynski 2006; 

Atoyan & Dermer 2004; 

Schwarz 2002 and etc) 



Internal collision in kpc scale jet (3C 264)  

HST image Meyer et al. 2016 

Lightcurve 



Internal 

shock 
Shearing 

boundary 

Highly turbulent 

Cocoon/ambient medium 

Cocoon/ambient medium 

Radio-

optical 

UV-X ray 

Flow velocity 

A toy model based on two-zone synchrotron emission 

Not scaled! 



      A preliminary result 

Based on a simple Monte-Carlo simulation of particle’s 

propagation/scattering 

Parameters: B_in = 100muG,  n_in=0.01cm^-3,       \Gamma_0=3 

                     B_out=10 muG,   n_out=10^-5cm^-3,   \delta=3 

Internal shock injects 

electrons of a power-

law distribution with a 

-2.4 index 

Snapshot at 

10^4yr   after 

Particle injection 

Jet radius: 150pc 

Shearing boundary: 

30pc 



Transverse profile of brightness in different band 

Solid lines: 90 degree viewing angle 

Dashed lines: 0 degree viewing angle  

Limb brightening in 

Optical-X ray 

PSF: 

Chandra ~ 0.5” 

HST ~ 0.06” 

VLA ~ 0.35” 

3C 273 distance: 

650Mpc 

 

1” ~ 3kpc 

 

Jet width: 300 pc 



 Shear acceleration naturally appears in the presence of shearing background 

flow and turbulent waves 

 

 Shear acceleration is efficient in accelerating high energy particles 

 

 Stochastic acceleration always accompanies with shear acceleration and 

provide high-energy “seed” particles 

 

 Under the joint operation of shear acceleration, stochastic acceleration and 

cooling, the accelerated spectrum may have a multi component 

 

 Possible application in explaining X-ray emissions in large scale AGN jets 

Summary 

Thanks for your attention! 


