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Impulsive Events

Mason et al., 1999



2003 Haloween Events

Mewaldt et al., 2005



2012 March 7 events(s)

4

Dubbed “impulsive phase” by Ajello 

et al., but extended for >1 hour

*Irradiance is 

plotted here, 

not photon 

intensity

Significant and large scale 

motion of centroid over 

hours—basically first vs. 

second flare



Focused Transport Equation
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Parker’s Energetic Particle Transport 

Equation
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Constraint on Acceleration
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Gradual Events



Acceleration at a CME-Driven Shock

Lee, 2005



GLE Events (Mewaldt et al., 2012)

(See Li and Lee, ApJ, 2015)



Enrico Fermi

(1949, 1954):

First-Order

and

Second-Order

Fermi

Acceleration























“Shock Drift” Acceleration

Pesses, 1981



Planar Stationary DSA - I
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Planar Stationary DSA - II
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Instability Mechanism

VA vz 

v 

Lerche, 1967



Wave Excitation - I
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Collisionless Shock on 11/12/78: ISEE-3

Tsurutani et al., 1983



Gordon et al., 1999

Waves Upstream of Earth’s Bow Shock



SLAMS

Lucek et al., 2008



Puzzles and Challenges

•Extreme Variability

•Power-law Index β

•Drift & Geometry

•Injection

•Magnetic Obliquity

•Time Limitation & Escape

•Conditions at the Sun



SEP Intensity versus CME Speed

Kahler, 2001



Testing the Predicted Shock Index

Wave-frame compression ratio:

Van Nes et al., 1984



Quasi-Perpendicular 

Shock Simulation: 

Be Careful!

Giacalone, 1999



Particle Drift Along Shock
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The Blunt Termination Shock

McComas and Schwadron, 2006



Tylka et al., 2005

Injection and Magnetic Obliquity



Fe/O Versus Energy

Tylka et al., 2005



Time Evolution



vt V sec



GLE Event of 15 April 2001

Tylka and 

Dietrich, 

2009



Alfven Speed Profile

Mann et al., 2003

See poster by Li and Lee



Pump Mechanism of Fisk & Gloeckler



35

Fisk et al., 2010



Compression 
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Reference: CfA Interplanetary Shock 

Database 

https://www.cfa.harvard.edu/shocks/

https://www.cfa.harvard.edu/shocks/
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Impulsive Events





Reconnection Acceleration

Schoeffler et al., 2013



Extra Slides



Wave Excitation - II
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Beta (bin=0.1)
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Halloween Forbush Decreases



Van Nes et al., 1984
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23 February 1956 GLE Event

Meyer, Parker and Simpson, 1956



Shock Modification
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