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Gamma-Ray Bursts: Relativistic Outflows
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HBLs vs. FSRQs



Shock Acceleration: Monte Carlo Simulations

•  The Monte Carlo simulations use a kinetic description of 
convection and diffusion in MHD shocks;

•  Thermal ions and e- are injected far upstream of shock;
•  Particle diffusion in MHD turbulence is phenomenologically 

described via the mean free path λ being some power of its 
gyroradius rg: same prescription for both thermal and non-
thermal particles, and for electrons and protons;

•  Principal advantages include addressing large momentum 
ranges => excellent for astrophysical problems.

•  Simulations are fully relativistic, and not restricted to 
subluminal shocks, and include shock drift acceleration;

•  Technique has been well-tested in heliospheric contexts of 
acceleration at the Earth’s bow shock (Ellison et al. 1990) 
and interplanetary shocks (Baring et al. 1997; Summerlin & 
Baring 2006) using in-situ spacecraft data.





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. 
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Shock Drift in Oblique, Non-Relativistic Systems

(DV 1986)



Connecting to Source Gamma-ray Observations

•  GRBs: coupling between particle acceleration index σ for 
dn/dp α p-σ and observed photon index β (dnγ/dεγ α εγ-β) 
depends on whether in situ cooling is efficient or not.  
–  Uncooled synchrotron or IC: β=(σ+1)/2 => σ=2β-1
–  Strongly-cooled synchrotron or IC: β=(σ+2)/2 => σ=2β-2

•  Uncooled hadronic emission: β~σ
•  Blazars: uncooled synchrotron self-Compton (SSC) is 

generally invoked to explain gamma-rays:
–  Uncooled SSC: β=(σ+1)/2 => σ=2β-1

•  Hadronic scenarios: β~σ
•  => Great diagnostics potential in Fermi era!



Baring & Summerlin (2009)




