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1. Introduction
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Collisionless Shock on 11/12/78: ISEE-3
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“Termination Shock” in Your Sink
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The Hairy Ball?

5 GV PROTONS
K, = 3x10%3 cm?/s

<T>= 21-2 hours

MERIDIONAL PROJECTION EQUATORIAL PROJECTION

Thomas and Gall, 1984



Distribution Functions
F(P,X,1)  (phase-space distribution function)
n(x,t)= | d®F(P,X,t)  (umber densiy)
f(px,t)=(47)" | dOF (p,x,t)

(omnidirectional distribution function)

Flux = vFp“dpdQ
J = Flux/(dQdE) = sz (differential intensity)



Vlasov Equation
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2. Parker Transport Equation



?ﬁvkLw (\q.(o‘di\ @ = B‘I% E". * %‘; é’ + E.-*-\
Bield Lines x = @) + %o
\’ = G’("‘.‘B *‘30

it F)G' — F?_}Gt 3% F e

partic\e vewmaine own Lie\d \ine “““‘1‘?“
=

tave . FL?:\ il 'b{‘-'\(z"m %\ é%/.ﬂ_

_ahfan E<ce
G = ¢ r_e%.(zm%je fa

x4 L>0 /
7= B

)52

3

: _a(eay 1RNG ;.
&.l'ﬁ'% = £ ";fnn.@ 'p;h'i lUL(D}/ﬂY:) e"c(.ﬁf% v 1 ¥ ")

fesonawnce ° T‘l _
A\



Cyclotron Resonance Condition

w—kv,+Q=0
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Impulsive Events

MeV/nucleon
O
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Parker’'s “Confusion-Defection” Equation

J UdE =n = J 4 zp” fdp
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Contours of V-V>0and <0




Stochastic Compressions and Rarefactions:
Quasi-Linear Theory
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Stochastic Acceleration

p 2
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P=3{" )7
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F1c. 2. Coordinate system for calculation of Ac, etc.

Parker and Tidman, 1958



3. Applications of the Parker Equation
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Solar Modulation of GCR: A Simple Case

n= | 4zp°fdp, V, =0, V=ed/dr, d/a=0, K=K(r), V=eV
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SEP Propagation: A Simple Case
V=0 V,=z0 K=K(p), V=edla
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Pickup lon Mediated Termination Shock




Interstellar Pickup lon Transport

V. =0, K=0, V=¢eV, dl&=0
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4. Diffusive Shock Acceleration



Diffusive Shock Acceleration

df d df | 1dV, df
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Planar Stationary DSA
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First-Order Fermi Acceleration
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“Shock Drift” Acceleration
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Diffusive Shock Acceleration
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Anisotropy Limitation

151 !_1+ K, sin® 6+ (K, —K,)"sin” dcos’ ol
vl (K, cos® 0+K, sin® §)* )
Ki>K Ky
S|V
— 1=
vf  vcosé

Giacalone and Jokipii, 1999



lar

lation

ICU
Imu
Be Careful!

Perpend

Shock S

%
qv)
-
O

Giacalone, 1999

-
e L Ll L
G EEAEEESsEEESSEAEEEEEEEEERe e

LT L -l..l..o.
-

LI LTS
LTSS S—— L oy

.
-
LN

——

T L TR L

100

5
2050+

(‘m/2) z

1650+

0

1250

Xic /)



Shock Modification
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5. Wave Excitation at Shocks



Instability Mechanism

Lerche, 1967
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Cyclotron Resonance Condition

w—kv,+Q=0

kv, = Q)

w5 ~ KVgy ~ Q(Vgy, /V,) B



Observed Frequency (Hz)

' T T 1 L | T T T 1 Y T
s /
i xI,Mercury“
x:t,(/ b

2 Venus
Eoffh X
-
|
_{
4
—1

1 ERE B B r ! RS B N 1 1
1072 Tol | 10 102

Magnetic Field Strength (nT)

Upstream

Waves at

Planetary
Shocks

Russell et al., 1990



Pickup lon Excited Waves at Comet G-Z
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Wave Excitation - Il
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Wave Excitation - Il
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Waves Upstream of Earth’s Bow Shock
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Streaming instability driven by cosmic rays
Lucek & Bell 2000

B field lines, t =0

B field lines, t =2

oB/B>>1 scatters energetic particles



6. Applications of DSA



Acceleration at a CME-Driven Shock

Lee, 2005
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CIR Geometry




Corotating lon Events
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Blunt Shock:
2D Simulation for ACR energies
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Distance of Voyager 1 from Sun (AU)
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Evidence for magnetic field amplification at shock
(Vink & Laming, 2003; Vélk, Berezhko, Ksenofontov, 2005)
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J.Hughes et al. J.Warren & J Hughes etal. S Reynolds et al. M.D Stage et al.
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