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Energy spectra
of heliospheric
ion populations
* How are they accelerated?

* What is their composition?

« How do they propagate?

* What are their source spectra?
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Properties of particle populations
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e Galactic cosmic
rays II

* Where do they come from?
* How are they accelerated?
* What is their composition?
* How do they propagate?

particles per m? s sr MeV/nucl

Energies: 100 MeV - 102 eV

Sources: Shock acceleration
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Galactic cosmic rays III

Energies: 100 MeV - 1020 eV

» Sources: Mainly shock acceleration at supernova
remnants, yielding energies up to about 105 eV
 Higher energies unexplained......

« Electron spectra are similar to proton spectra and
show also modulation

* Relativistic electrons generate cosmic radio waves
(synchrotron emission in the galactic magnetic field)

GCR energy density ~ 0.5 - 1.0 eV cm™3
......compare with starlight ~ 0.5 eV cm-3

Differential flux or intensity: particles/(m2s str MeV/nucleon)

Particle transport processes

Heliosphere (solar wind) is highly variable and structered on all
spatial scales (R, or 1 AU) down to particle gyroradius (>100 km)

 Stream structures (fast and slow steady wind, transient flows)

« Corotating interaction regions (shocks) and their mergers (MIRs)
» Coronal mass ejections (CMEs) and magnetic clouds

« Alfvén waves, magnetosonic waves and travelling shocks

« Discontinuities and heliospheric current sheet

 Convection and adiabatic decelerartion with expanding wind
« Reflection and acceleration at shocks and discontinuities

o Pitch-angle scattering and (resonant) diffusion

« Gradient drifts and local displacements

Local Interstellar Cloud (LIC)
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SWICS Ulysses
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Heliospheric trajectories of various
spacecraft
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Schematic of the heliosphere
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Forbush decrease in neutron data
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Basic transport processes of CRs

« Diffusion in wave fields and turbulence, « (r)
e Convection and adiabatic deceleration, Vg, (r)

o Drift (curvature, gradient) induced by field
nonuniformity, Vp(r)

ou/ot = V. (i -VU) - (Vg,+ Vp)VU + 1/3(V. V,,) d(aTU)/0T
U=U(r,t,T), is the number density of particles with kinetic
energy, T, and a=(T+2mc?)/(T+mc?); here V.V, < 0 means

compression (acceleration) and > 0 expansion (deceleration).

Parker, 1958, 1965

Coronal propagation

Open cone propagation: ACTIVE
REGION

Up to a certain distance
from the flare site, the
electrons are released
promptly after acceleration.
Within this cone magnetic
field lines are conncetd with
the flare site.

~7#—— DIFFUSION
s LAYER

Escape also occurs from

Closed" field regions.....
EARTH

Wang, 1972

Coronal transport of protons

Difference between flare location (negative for flares east of
observer) and S/C longitude; --> fast longitudinal propagation.
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Origin and propagation of SEP
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Spectra varying with magnetic

connection

Representative
energy spectra of
20 MeV protons for
different observer
positions with
respect to the shock
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Cosmic ray
super event

_ Intensity time profiles of
«+ energetic protons during a

rare super event April/May

1978 at various r and ¢

« Intensity enhancement
0° occurring in whole
w0 heliosphere for protons >
10 10 Mev

« Flare/CME generated
w0 multiple shocks

« Interplanetary merged
shells or IRs related with
o) CMEs and shock waves

* Stream coalescence and
merging blocks GCRs
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ajfet + pvoj/oz + (1-p?)/(2L) véj/op - o/ou(x 8j/op) = Q(t)

Ingredients:

o Spatial diffusion: «(z, )
magnetic field fluctuations

« Focusing length: 1/L(z)
=-0/oz InB(z)

« Source term: Q(t, z,)
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Particle acceleration in flares

ESP (3,4)
Particle

Free electrons precipitation (2)

generate type I1T (4)
radio bursts (4)

Trapped
electrons
generate
type III
radio
bursts (6)

Reconnecting loops (1)

Energetic particles from flares

Feature impulsive

electrons protons

3He/*He ~1 ~0.0005
(2000 times)

duration hours
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extent

corona
event rate ~1000/a Kallenrode, 1998

Spectra of Helium in flare
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Concept of Fermi acceleration

Ulysses low energy particles
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Corotating events at CIRs Ions at CIRs at high latitudes
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Intensity Relative to Intensity at Earth
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