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Shocks and Particle Shock Acceleration 

A. Importance of Shocks in the Cosmos 
B. Key Questions 
   1. Dependence of Shock Structure on Flow Parameters 
   2. Are Shocks in the Cosmos Planar and Stationary? 
   3. Particle Injection and Diffusive Shock Acceleration 
   4. Amplification of the Magnetic Field at Shocks 
   5. What is the Role of Turbulence in Shock Structure? 
C. Numerical Simulations of Shocks 
D. Laboratory Experiments on Shocks 
E. Discovery and Exciting Shock Case Studies 
   1. Supernovae Shocks and the Origin of Galactic Cosmic Rays 
   2. Heliospheric Shocks: Examples in Different Domains of 

Plasma Parameter Space 
F. Concluding Statement 



A National Initiative to 
Understand the Acceleration 

of Cosmic Rays 
Interdisciplinary Investigation 

• Supernovae Remnants 
• Diffusive Shock Acceleration 
• Galactic Cosmic Ray Propagation 
• Extragalactic Acceleration 

Requires Diverse Observations 



Supernovae Remnant Shocks 

Bell, 2009 



The Nuclear Component 
•  F~E-2.67 which requires M≈2.5 

•  For SNs to be responsible, shocks 
must slow from M~1000 to M~2.5 



Opportunity for Success  
• Basic Viability of DSA 
• Viable Models of B Amplification 
• Current Measurements of SNR: X-
rays, γ-rays (e.g. HESS, FERMI) 
• Current Cosmic Ray Measurements: 
e.g. PAMELA, ATIC, ACE 
• 3D Simulations of DSA 
• Need Advanced Propagation Models 

Must Put Together! 



Many Interesting Puzzles 

• Discrepancy in GCR Nucleon Index 
• Theory Should Predict Concave Spectrum 
• Discrepancy in the Electron Index 
• Small GCR Anisotropy 
• Electrons Require Nearby Source 
• Ion and Electron Injection Rates 
• Etc. 



Investigate Shock Structure 
and Formation in the 

Laboratory 

• Several New Facilities 
• Improved Diagnostics 







• Shock Formation Timescale 
• Electron Dissipation 
• Dissipation of Multiple Ion Species 
• Electron Acceleration by the Shock 

Critical Measurements for 
Various Plasma/Shock 

Parameters 

Support with Simulations 



What is the Connection 
Between Astrophysical and 

Heliospheric Shocks?  

The Heliosphere as a Shock Laboratory 



Voyager 1 at the Termination 
Shock 

Burlaga et al., 2005 



Stone et al., 2008 

The Solar Wind 
Termination Shock 
Voyagers 1 & 2 



Important Issues 

• Ion Injection 
• Role of Upstream Inhomogeneities 
• Acceleration at Nearly Perpendicular 
Shocks 
• Instabilities at Q-Perp Shocks 
• Nature of Low-β Shocks in Corona 
• Scaling for High Mach Number 
Astrophysical Shocks 
• Variability of SEP Intensities? 



Shocks and Particle 
Acceleration 

Challenge 
Existing 

Research 
Capabilities 

Gaps Opportunities 

SNR Shock Origin 
of GCR  

SNR and GCR 
Observations; 

Promising Theory 

Many Theoretical 
and Observational 

Details 

Theory Ripe for 
Advances; New 
Observations 

Shock Generation 
in Laboratory 

Historical 
Production of 

Shocks 

Unclear 
Identification; Few 

Diagnostics 

Several New 
Experiments; 

Better Diagnostics 
Particle Injection 

and Quasi-
Perpendicular 

Shocks 

Modest Range of 
Observations and 

Simulations 

Broad 
Observations; 
Acceleration 

Theory at Q-Perp 

IBEX; SO and SP
+ Close to Sun; 
3D Simulations 


