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Impulsive Events
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2003 Haloween Events
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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)
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Enrico Fermi
(1949, 1954).

First-Order
and
Second-Order
Fermi
Acceleration







“Shock Drift” Acceleration
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Planar Stationary DSA - |l
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Instability Mechanism

UJ_A

Lerche, 1967
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Distribution Function

Wave Intensity

10°

107
10—12

10
10-18
107
10-21

10-24

10—27




Collisionless Shock on 11/12/78: ISEE-3
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Waves Upstream of Earth’s Bow Shock

Gordon et al.,

1999
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Puzzles and Challenges

Extreme Variabllity
Power-law Index [3

Drift & Geometry
Injection

*Magnetic Obliguity

*Time Limitation & Escape
«Conditions at the Sun




Protons/{cm? sr s MeV)

SEP Intensity versus CME Speed
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Testing the Predicted Shock Index

Wave-frame compression ratio:
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Particle Drift Along Shock
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Injection and Magnetic Obliquity

guasi=parallel injection
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Time Evolution
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Alfven Speed Profile
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Pump Mechanism of Fisk & Gloeckler
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Compression
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https://www.cfa.harvard.edu/shocks/
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Impulsive Events



Large Solar Eruptions
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Reconnection Acceleration
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Extra Slides



Wave Excitation - |l
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Beta (bin=0.1)
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Reference: CfA Interplanetary Shock
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SPECTRAL INDEX

2.0 3.0 4.0
COMPRESSION RATIO /4 Nes et al.. 1984



o
L=
Q
o

8

o2}
3
L=}

o
o
o
o

4000

ol
3

2000

NUCLEONIC COMPONENT INTENSITY FOR CHICAGO PILE E-3 — COUNTS PER MINUTE
8
L]

o

23 February 1956 GLE Event

1

[

(a)

Exponded Scale Near ‘:;'

Time of Flore Onset <
—2500 000~ &

= L
- - 8
i =2
X 8 (b)
2000 500 # Section of Intensity Curve 1415-1900 U,T,
L - —“—__‘._ I
L ————— Preflare Cosmic Ray Intensity= = = - - cmemcmmm e ecccccc e
:4500 L 1 1 J L | | 1 | I I l 1 | | 1 | | I
45 1500 1600 1700 1800 1200

Hours =Universal Tima

— 5.
- [
» -]
~ £
- :
= E §
7 <
=y
S/ 2
— o
_-;f .r’j "..f a
_ L f A NI ETTnT 2
= 0 ¢ o B
-2meve g 8] 2
"DGBGO [#] o s
I~ Universal Time 2
- i
- —
e e e b e b b e b e by g
0300 0400 0500 0600 Q700 0800 0300

HOURS - UNIVERSAL TIME

Meyer, Parker and Simpson, 1956




Shock Modification
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