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Van Allen’s Discovery of Radiation Belts

* Put space physics in
the news...
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Space Weather Impacts
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Particle
Drifts

NASA SVS
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For 1 MeV electron at 6.6 Rg: Gyro ~10-3s, Bounce ~ 10° s, Drift ~ 103 s

e M ot i on i n t h e These motions are stable ad infinitum with no

electron energization so long as no

Ra d i at i on B e I t S electromagnetic changes to Earth’s magnetic field

occur




Space Weather Bootcamp 2018

™ Trajectory of
trapped particle

- Mirror point

AT Drift of Drift direction:

electrons Magnetic field line Protons Electrons

N =
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Radiation Belts: Model vs Reality

STATIC Empirical Model Dynamic Reality
AE-8 MAX E>1MeV SAMPEX

120 1284 THRS  THBL  ISHT 1960  18@E 200D 2001 2002 2Oo0l  20IM

Frars (Courtesy R. Hilmer)

* Long lived but variable on many timescales
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Radiation Belt Response is Hard to
Predict

Jan. 1-Feb 25, 1997 April 30-May 25, 1999 Feb. 14-23, 1998
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Reeves et al, [2003]

We do not understand the fundamental physics: the response of
acceleration and loss mechanisms to solar-induced geomagnetic storms
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Exotic Particle Distributions
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Isotropic with Pancake Butterfly Streaming
loss cone (peaked at 90°) along B

Roeder & Zhang, [2014]
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Balance of Sources and LLosses

Adiabatic effects Adiabatic effects
SEP injections Magnetopause shadowing
CRAND ion trapping EMIC waves
Substorm injections Plasmaspheric hiss
Radial diffusion Dayside VLF chorus

Nightside VLF chorus

RB Sources RB Losses

Liemohn [2007]
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RB Sources » Sources:

and Losses  VLF waves
 ULF waves
« Radial transport

* Prompt
acceleration

shock :1«:_|Hum|:- 3 ‘ { LOSSeS
L X o " Canvecian ° ShadOW|ng

|lLoss to
atmosphere

Interplanetary
shoecx >
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Wave Environment for Particle
Acceleration

MAGNETOSONIC
EQUATORIAL

ENHANCED
EMIC WAVES

RELATIVISTIC
ELECTRONS

WHISTLER-MODE
‘ ’ CHORUS

RING CURRENT DRIFTS
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Chorus Waves

» Chorus waves occur OUTSIDE
plasmasphere and accelerate @ B
particles via cyclotron resonance ]

« Chorus waves are a circularly
polarized electromagnetic wave

» Electric field with
frequency wg rotating

..........
. ..
. .

around the magnetic field B E_’
* An electron has gyrofrequency < ,. e | Q.
(cyclotron) Q. : :
* When Q. = wg, the electron sees (WE

same electric field and is
accelerated

« Direction of acceleration TS -
depends on phase of the
electric field
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Chorus Wave-Particle Interaction:

E and PA Diffusion
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Magnetopause Shadowing

1 MeV electron flux
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ULF Waves: Drift Resonant
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ULF Waves: Drift Resonant

Interactions
ULF Wave Response
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ULF Waves: Drift Resonant
Interactions

Effect on Particle Transport Residual Flux
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Summary
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* Trapped radiation is
influenced by many
factors.

* Particle drifts, dynamic
fields, waves, and cold
plasma mediation.

* While many
mechanisms are
understood, the
balance for any
particular event
remains a mystery.



