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• Cosmic Rays: what they are?

• Collisioinless shocks: How common are they?

• What Cosmic Rays have to do with 
collisionless shocks?

• Diffusive shock acceleration (DSA) mechanism

• Good ideas propagating across the boarders 
between fields

• Conclusions



Cosmic rays: discovery

Victor Hess, 1912
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Cosmic Ray research today

New instruments and 
Missions
H.E.S.S., Auger, 
Fermi…



From R. Battiston, 02

Cosmic rays: role in particle physics
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Supernova Remnant Shocks-
Cosmic Ray Connection

S. Reynolds ‘08

From: Warren et al 2005
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Ordinary and collisionless shocks

shock

• How to transfer 
momentum and energy 
from slow to fast gas 
envelopes if there are no 
binary collisions?

• waves…

• driven by particles  whose 
distribution is
almost certainly unstable…

Smooth
flow

A series of Charlie’s seminal works (60s-90s) address these difficult questions
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DSA components

• Injection
- particles migrate from thermal to suprathermal 
part of their energy distribution to further cross 
and recross the shock, thus gaining energy

• --> Acceleration
-confinement of particles to shock front

• Escape
- at sufficiently high energy and/or getting into 
“wrong” parts of velocity space particles escape



Injection

• Laid down the “thermal leakage” 
concept for particle injection into DSA
• Introduced important distinction between
quasi-parallel and quasi-perpendicular
shock geometries in regard with the DSA 



Understanding collisionless shocks

• demonstrated that collisionless shocks may in many respects be similar to ordinary
shocks
• proof of RH condition



Understanding collisionless shocks

• First ab initio model 
for collisionless shock 
based on 
fire-hose instability

•currently considered
as promising 
mechanism to confine 
cosmic rays 
(Blandford, 2014)



• quantifies relations between particle 
confinement and wave growth

• elucidates what is called in CR acceleration 
community “second order Fermi process”

Particle acceleration and confinement 
to shock



Intimate relation between CS and DSA

The authors collect enough information to begin to examine, 
for the first time, a quasi-parallel shock from both the collisionless 
shock structure and particle acceleration points of view. For this shock it 
can be seen that the two approaches cannot be separated.



Conclusion

• Charlie’s work on collisionless shocks and 
nonlinear plasma physics continues to make  
tremendous impact on efforts to resolve the 
century-old problem of the origin of cosmic 
rays


