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Galactic CRs

Extragalactic CRs

Balloon + satellite expts ←|→ EAS arrays

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

















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; 

  Spectral index is generally (but not always) 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). 







Superluminal 
Cases ->



Baring & Summerlin 2009, in prep. 
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(Density profiles apply to e or p)



Shock Drift in Oblique, Non-Relativistic Systems

(DV 1986)



Ion Acceleration at Earth’s Bow Shock

  AMPTE observations of diffuse ions at Q-parallel Earth bow shock H+, He2+ and CNO6+ observed 
during time when solar wind magnetic field was nearly radial;

  Efficient acceleration (25%) in high MS shock; model fits work only for non-linear model that 
exhibits A/Q enhancements; Scholer, Trattner & Kucharek (1992) found similar results with hybrid 
PIC simulations.

Ellison, Moebius & Paschmann (1990) 
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Anisotropies in Relativistic Shocks: �
Pitch Angle Diffusion, 0.1c < u1 < c


