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Diffusion for energetic particles?
Convectional wisdom uses spatial diffusion 
to describe energy spectra 
(Fisk+ 80, Yu+ 17).



Diffusion works less often than thought...

• Conventional wisdom predicts that 
Saturn’s electrons are accelerated by 
energy diffusion
(Shprits+12, Woodfield +19, Yu+ 19).

• Yet data shows that 
adiabatic transport
without any diffusion
plays a major role
(Kollmann+ 16B).

cu
to

ff

Kollmann+ 16B



Charged particles in magnetic fields

Low energies
High energies

Dipole field
Corotation

Parker field
Outflow



Particles released from CIRs

Kollmann+ 19A
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PEPSSI spectra
He+ pickup ions Suprathermal ions
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after CIR
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Particles released from CIRs



Equations
Theory based on Northrop 63 & Roelof+ 15

• Guiding center drifts

• Energy change within fields

• No gradient & curvature drifts
• Near-azimuthal magnetic field 
• Conservation of magnetic moment

• Conservation of phase space density

• Maxwell's equations
• Non-relativistic speeds
• Frozen-in plasma
• Radial solar wind
• B ~ 1/R



Deterministic propagation
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Solution



Propagation branches



Propagation branches



Propagation branches



Most particles released from outer CIR
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Most suprathermal particles move inward
Otherwise intensities would rise toward shock 2

Suprathermal
spectral shape



Summary
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Suprathermal energies move deterministically,
without significant scattering.
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