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Basic Componernits of Particle Meotion: bounce, gvration and drift
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ADIABATIC INVARIANTS

M = p %2m,B J = tf)p”ds ¢ = <§B-dA

w= My K = (8myM)~12y

HAMILTONIAN FUNCTION

H = [p?c? + my?c'2 — myc? - que(Q/La) + gL, ¢;1)

p? = 2myMB, csc?0,,  (at constant K)



FOURTH ADIABATIC INVARIANT

A = p3)(1/B)ds

This Is essentially a phase-space volume (i.e., the
product of a momentum-space volume and a flux-
tube volume).

Conserved (instead of M and J) Iin the limit of
strong pitch-angle diffusion (such that apar t i cl e

equa-torial pitch angle is fully randomized on the
bounce time scale.



CANONICAL ACTION INTEGRALS

i = $lp+(a/0)A] - ds,

PHASE-SPACE DENSITY

f = jip2 f = average of f over {¢q, ¢, @3}



DIFFUSION EQUATION
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DIFFUSION PROCESSES

Radial:

A Electric fields induced by magnetospheric compressions
A Impulses in magnetospheric convection electric field

A Geomagnetic pulsations (ULF)

A Electric fields induced by substorms

Pitch-angle:

A Whistler-mode waves (VLF hiss, chorus, transmitters)
A Electromagnetic ion-cyclotron (EMIC) waves
A Electrostatic cyclotron harmonic (ECH) waves



DISTRIBUTION FUNCTION

I |
M, MeV/g_auss

|<1 decade

..‘

(b)

DIFFERENTIAL FLUX



LIFETIME (DAYS)

103

102 -

10 |-

4 D O O e

E>0.5 MeV

UCSD EXP 15
BTL EXP 15
BTL TELSTAR 1
BTL EXP 26
BTL ATS f




Starfish Event (1.4 MT) 09:00:09 UT, 9 July 1962
400 km above a point 31 km SW of Johnson Island
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