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Cosmic rays in the heliosphere









Bow Shocks
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Heliospace: The Heliosphere

Voyager 1: Dec 2004

Voyager 2: Aug 2007

• Launched in 1977
• Voyager 1: ~ 121 AU
• Voyager 2: ~ 99 AU

Cortesy of M. Potgieter

http://www.nasa.gov/centers/goddard/images/content/96468main_galaxy4_lg_web.jpg
http://www.nasa.gov/centers/goddard/images/content/96468main_galaxy4_lg_web.jpg
http://www.nasa.gov/centers/goddard/images/content/96451main_2002-05-a_lg_web.jpg
http://www.nasa.gov/centers/goddard/images/content/96451main_2002-05-a_lg_web.jpg


The Solar Wind

Strong latitude dependence at solar minimum

Cortesy of M. Potgieter



Sunspot Numbers
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Wavy Heliospheric Current Sheet 

Kota, 2010

Conceptual wavy HCS

Cortesy of M. Potgieter



Magnetic flux freezing 

Maxwell’s equations:

Slow varying phenomena -> no displacement 
term 𝜕𝜕𝑫𝑫/𝜕𝜕𝜕𝜕 , hence no space charge effects





Infinite conductivity 𝜎𝜎 → ∞:
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Solar Activity and Cosmic Rays

Cortesy of M. Potgieter



Cosmic rays as indicators of heliospheric conditions
Modulation of galactic CRs at Earth at NM energies (E > 10GV)

Cortesy of M. Potgieter
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Any local  source

Parker (Planet. Space Science, 13, 9,1965)

Transport equation for the transport, modulation and acceleration of 
cosmic rays in the heliosphere
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Depletion Region: depleted of 
helispheric ions and connected to 
interstellar space outside?



Time dependence – Proton flux



Time dependence – Electron flux



Heliospheric conditions during PAMELA observations 

Neutron Monitor counts data from 
http://cosmicrays.oulu.fi/

PAMELA observations covers  ~ one solar cycle



Time dependance of the proton flux
July 2006-January 2014
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Time dependance of the proton flux
July 2006-January 2014

Preliminary!



Time dependance 
of the electron and 

positron fluxes



Positron to Electron Fraction

Solar Modulation?



Positron to Electron Fraction

Solar Modulation?



Time dependance of the electron 
and positron fluxes



Earth Magnetosphere





Pamela World Maps: 350 – 650 km alt

36 MeV p, 3.5 MeV e-



Subcutoff particles



Pamela  maps at various 
altitudes

Altitude scanning
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SAA morphology
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South-Atlantic Anomaly (SAA)
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Change in kinetic energy:

Magnetic mirroring
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Magnetic mirroring
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