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Outline of Lecture

ÅBrief introduction to the heliosphere.

ÅIntroduction to cosmic rays/energetic 

particles.  

ÅTemporal variations of cosmic rays are 

observed on a continuum of time scales ïup 

to 109 years.

ÅThese serve as probes of conditions long ago 

(and also far away).

ÅTo use this tool, we must first unravel the 

physical processes relating helospheric  

conditions to observed cosmic-ray variations.  





SOLAR CORONA ɬSEEN DURING A TOTAL ECLIPSE





An instructive analog may be seen in a kitchen sink.



A more-accurate analog model was created by Prof. Hsieh 
of the University of Arizona physics department.



Cosmic Rays Energetic Particles

ÅThey are present wherever the ambient density is low 

enough to permit them to exist.

Å They exist from above thermal energies to more than 1020

eV, have with few exceptions a normal composition, and 

are mostly isotropic in direction of arrival.

ÅThey are interesting in their own right, but also serve as 

probes to determine conditions in space  far away or long 

ago.

ÅThey also pose a significant hazard in space for both 

instruments and especially humans.



The thermal plasma distribution and the energetic -particles 
combine to form the full spectrum.   The thermal particles contain 
nearly all of the mass and momentum.   Mostly, the energetic 
particles respond to the plasma.
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Galactic Cosmic Rays

Supernova Remnant 1006 ɬChandra image

ɈGalactic Cosmic Rays 
up to about 1015eV 
kinetic energy are 
believed to originate 
from supernovae 
remnants, where they 
are accelerated by the 
expanding shock 
wave.

ɈThey propagate 
throughout the galaxy 
for millions of years 
before escaping.



Heliospheric 
effects



Quiet-time cosmic rays 
with transient solar 
particles 
superimposed.

The solar event lasts 
hours to a day or so.

The average intensity 
at energies > 100 MeV 
is dominated by 
galactic cosmic rays.
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The variation of > 3 Gev protons at Earth  and 
sunspots since 1950.



A solar energetic-
particle event.



Cosmic-Ray variations are seen at all time scales observed. 

They can be observed using a variety of techniques and over 
a variety of time scales.  In this lecture, the relation to the 
basic physics of cosmic-ray transport will be discussed.



Brief Summary of Variations

ÅShort, irregular caused by solar wind variations 

ïirregular and co-rotating with the Sun.

Å11-year and 27-year solar cycle-related 

variations.

ÅLonger-term variations ïsome related to 

heliospheric phenomena, others of interstellar 

origin.

ÅTo understand these, we must understand 

cosmic-ray transport.



Following Fermi, the transport of 

cosmic rays is described statistically. 

The turbulent electromagnetic field is 

described statistically.   In the 

quasilinear approximation, the 

scattering rate / PB[1/(rc cos p))] .



Motion in an irregular magnetic field is sensitive to initial conditions (chaotic).





In this case, we can 
understand a solar cosmic-
ray event using only 
standard diffusion
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Particle transport in the heliosphere is 

the combination of four effects. 

ÅDiffusion:  caused by the scattering of the cosmic rays by  

the irregularities in the magnetic field. The associated 

diffusion ij is  significantly larger along the magnetic 

field than normal to it.

ÅConvection: Outward from the Sun at the solar wind 

velocity U.

ÅGuiding-center drifts: given in terms of the average 

magnetic field B0, the particle charge q by  

Vd = pcw/3q) ~( B0/|B0|
2)

ÅEnergy Change: caused by expansion/compression of 

the background fluid U 



The Parker Transport Equation:

Where the drift velocity due to the large scale 
curvature and gradient of the average magnetic field is:

) Diffusion

)  Convection w. plasma

) Grad & Curvature Drift

) Energy change

) Source





Solar-Energetic Particle (SEP) Paradigms

In the early-mid 
ƕƝƝƔɀÚȮɯÛÏÌɯtwo -class
paradigm was 
suggested
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EARTHThe initial view was 
that ALL SEPs 
originated from flares



Large CME-related SEP events

Reames.SSR, 1999


