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Gamma-Ray Bursts: Relativistic Outflows
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Blazejowski et al. (2005)z=0.031



Abdo et al. (2009)z=0.116



Galactic CRs

Extragalactic CRs

Balloon + satellite expts ←|→ EAS arrays

Discovered in 
1912 by V. Hess





Baring, Ellison & Jones (1994)







Gyrational concentration of  particles in x-direction yields obvious density 
enhancements and cusp structure.  Co-ordinates y and z are parallel to shock plane.





Spectral Properties of Diffusive 
Relativistic Shock Acceleration 

  For small angle scattering, ultra-relativistic, parallel 
shocks have a power-law index of 2.23 (Kirk et al. 2000); 

  Result obtained from solution of diffusion/convection 
equation and also Monte Carlo simulations (Bednarz & 
Ostrowski 1996; Baring 1999; Ellison & Double 2004); 

  Power-law index is not universal: scattering angles 
larger than Lorentz cone flatten distribution; 

  Large angle scattering yields kinematic spectral 
structure; 

  In superluminal shocks, spectral index is generally a 
strongly increasing function of field obliquity angle ΘBn1. 





Stecker, Baring & Summerlin 2007



The Character of Relativistic Shocks 

  Character of relativistic shocks defined by their 
intrinsic anisotropy: convective influence is 
profound, particularly for superluminal cases; 

  Escape downstream is a strong function of 
shock speed and field obliquity: convective loss 
rates are high; 

  Acceleration times are not modified strongly by 
relativistic effects (EJR90, Baring 2002). 
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Superluminal 
cases for
oblique shocks



Superluminal 
    cases ->



Baring & Summerlin 2009, in prep.





Shock Drift in Oblique, Non-Relativistic Systems

(DV 1986)
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