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Heliophysics
System 

Observatory

Planetary
Maven, MSL - Mars
New Horizons - Pluto   
Cassini - Saturn
Galileo - Jupiter
Lunar Reconnaissance Orbiter - Moon

GOES 13

Interplanetary Legacy
IMP-8
Helios 1, 2
Pioneer 10, 11
Ulysses

July 31, 2018

February 2019

ISS-AMS



Professor Eugene N. Parker

University of Chicago

February 23, 1956
Ground Level Event



Meyer, Parker, and Simpson
(Phys. Rev., 1956)

Mars orbits at 1.38 – 1.67 AU within inner zone of the Meyer et al. shell of turbulent 
interplanetary magnetic fields

Voyager 1 left the 
heliosphere at 122 AU 
on Aug. 24, 2012

Solar energetic particles propagate 
relatively freely along solar wind 
magnetic field lines from Sun to Mars

Cosmic ray particles are heavily 
modulated at Mars and Earth 
after inward diffusion from the 
outer heliosphere and local 
interstellar space. 



NASA Active Final 
Archive for non-
imaging solar, 
geospace, and 
heliospheric data

Heliophysics Data 
Portal (VxO)

Value-Added Data 
Services 

CDAWeb
OMNIWeb
HelioWeb
SSCWeb

Common Data 
Format (CDF) 
standards and tools

spdf.gsfc.nasa.gov
Project Scientist: Robert E. McGuire NASA GSFC



of SPDF Data Services
(mostly OMNI and 
CDAWeb)



vepo.gsfc.nasa.gov

Warning: Be careful what data you look for, you may find it !

Principal Investigator: John F. Cooper, NASA GSFC



Spacecraft or Instrument Time 
Average Ion Time Duration Energy Range 

(MeV/n)

Advanced Composition Explorer (ACE)        1997-08-25 – Present 

Electron, Proton, and Alpha Monitor (EPAM) 1 day He 1997-08-30 – 2015-05-30 0.4 – 3.9 
Solar Energetic Particle Ionic Charge Analyzer 

(SEPICA) 1 hour H, He 1997-10-07 – 2005-02-05 0.40 – 6.0

Solar Isotope Spectrometer (SIS) 1 hour He 1997-08-29 – 2018-01-07 3.4 – 41.2 

Ultra-Low-Energy Isotope Spectrometer (ULEIS) 1 hour H, He 1998-02-19 – 2018-01-07 0.06 – 8.7

Helios 1 1974-12-10 – 1986-02-10
Cosmic Ray Particle Instrument (E6) 1 hour H, He 1974-12-11 – 1983-12-31 4.0 - 51.0

Cosmic Ray Instrument (E7) 30 min H, He 1974-12-16 – 1982-12-31 3.4 - 206.5

Helios 2 1976-01-15 – 1980-03-03
Cosmic Ray Particle Instrument (E6) 1 hour H, He 1976-01-16 – 1980-03-08 4.0 - 51.0

Cosmic Ray Instrument (E7) 30 min H, He 1976-01-19 – 1979-12-23 3.4 - 204.5

Interplanetary Monitoring Platform 8 (IMP-8) 1973-10-26 – 2006-10-07
Charged Particle Measurements Experiment 

(CPME)*
Cosmic Ray Nuclear Composition (CRNC) 

Experiment 1 hour H,He 1973-10-30 – 2001-10-26 10.9 - 95.0

Goddard Medium Energy (GME) Experiment 30 min H,He 1973-10-30 - 2001-10-26 0.9 - 237.0
WIND 1994-11-01 - Present

Energetic Particle Acceleration, Composition 
and Transport (EPACT) - LEMT 1 hour He 1994-11-03 - 2017-12-31 2.0 - 7.4 

EPACT - STEP 1 hour He 1995-01-01 - 2017-12-17 0.04 - 2.5 



Spacecraft or Instrument Time 
Average Ion Time Duration Energy Range 

(MeV/n)
Pioneer 10 1972-03-03 – 2003-01-23

Charged Particle Instrument (CPI) 15 min H, He 1972-03-03 – 1992-08-27 3 - 67
Cosmic Ray Telescope (CRT) Experiment 6 hour H, He 1972-03-06 – 1994-12-31 3.4 - 413.0

Pioneer 11 1973-04-06 – 1995-09-30
Charged Particle Instrument (CPI) 15 min H, He 3 - 67

Cosmic Ray Telescope (CRT) Experiment 6 hour H, He 1973-04-06 – 1994-12-31 3.4 - 413.0
Solar Heliospheric Observatory (SOHO) 1995-12-02 – Present

Energetic and Relativistic Nuclei 
and Electron (ERNE) Experiment 1 hour H, He 1996-05-07 – 2017-12-25 1.3 - 130.0

Solar Terrestrial Relations Observatory A 
(STEREO A) 2006-10-26 – Present

IMPACT/SEP High Energy Telescope (HET) 1 hour H 2006-12-01 - 2018-01-14 13.6 - 100.
IMPACT/SEP Low-Energy Telescope (LET) 1 hour H, He 2007-03-29 - 2017-11-30 1.8 - 15.0
IMPACT/SEP Suprathermal Ion Telescope

(SIT) 1 hour H, He 2007-01-01 - 2017-09-14 0.1 - 10.2

Solar Terrestrial Relations Observatory B 
(STEREO B)
IMPACT/SEP High Energy Telescope (HET) 1 hour H 2006-12-01 - 2014-09-27 13.6 - 100.
IMPACT/SEP Low-Energy Telescope (LET) 1 hour H, He 2007-03-29 - 2014-09-27 1.8 - 15.0
IMPACT/SEP Suprathermal Ion Telescope 

(SIT) 1 hour H, He 2007-01-27 - 2014-09-29 0.1 - 10.2

Ulysses

Cosmic Ray and Solar Particle Investigation 
(COSPIN) 1 day H, He 1990-10-23 - 2009-06-30 2.0 - 95.0

Heliosphere Instrument for Spectra, Composition 
and Anisotropy at Low Energies (HISCALE) 1 day He 1990-11-14 - 2009-06-09 0.3 - 3.9



“Carrington” Event
at Stereo A

July 23, 2012
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Days of 2012

10 – 12 MeV 
Protons



“1859 Carrington Event” at Stereo A (STA): July 23, 2012

x103

Stereo A (61.4°)

Stereo B 
(185.4°)

Earth (300.6°)

STA SIT 
Saturated

STB SIT

2012/205







0.06 rads @ 10 g/cm2 
in 4 hours



What are the time-averaged proton and helium ion flux spectra at 1 AU?

Composite Proton and Helium Spectra at 1 AU from VEPO MSSP-1 Data



High Energy
Vos and Potgieter
(ApJ, 2015)





Our future habitats on 
the Moon and Mars

Shielding of 102 g/cm2

(Temporary Habitat)

Shielding of ≥ 103 g/cm2

Permanent Habitat

Shielding of 1 g/cm2

(Movie Habitat)
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