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Heliophysics
System 

Observatory

Planetary
Maven - 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



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



vepo.gsfc.nasa.gov

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

Principal Investigator: John F. Cooper, NASA GSFC



The multi-source spectral plots and tabular data allow investigation of large scale radial 
and longitudinal gradients in intensities from multiple spacecraft and instrument 
sources, e.g. between the orbits of Mercury, Venus, Earth, Mars, and beyond …
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Parker Solar Probe
24 Perihelia 
2018 - 2025



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

February 23, 1956
Ground Level Event

U-Chicago Neutron Monitor

J(E)  ~ t -3/2 

Event Phases

• Rapid Onset – fast propagation 
from Sun to 1 AU

• Slow exponential time decay –
diffusive propagation beyond              
~ 1.4 AU



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. 



Early Sun @ 0.7 Gyr ?

Airapetian et al. (Nature Geosci, 2016) 
~ 1 Carrington Super-CME 
Event per day @ 0.7 Gyr

Carrington Solar Flare Event – Sept. 1, 1859



“Carrington” Event
at Stereo A

July 23, 2012
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“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









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)
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Sub-Mars
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Apparent diameter of Mars 
is 42.5° from Phobos
sub-Mars surface point (X)
 6.8 % of visible sky

Equator

EastWest

25° W
Stickney

The Most Valuable Real Estate on Phobos:  sub-Mars point (X)

Gulliver

Size: 13.0 km x 11.4 km x 9.1  km

Gravity  g = 0.0057 m/s2

Escape Velocity = 11.39 m/s                                
(25.3 mph)

Orbit = 2.76 RM



Radiation shielding by topography on 
airless bodies: Phobos case study

Tim Stubbs, Yongli Wang and Dave Glenar
NASA/GSFC and UMBC

x8 variation !
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Least Shielding
1 – 10 g/cm2

More Shielding
102 g/cm2

Most Shielding
≥ 103 g/cm2









Aug. 31, 2011 to Aug. 28, 2012

1 AU

Voyagers

VEPO 
MSSP-2

Protons
Ions



August 29, 2012 to August 27, 2013

V1 LECP Ion Background ?

1 AU

Voyagers

VEPO 
MSSP-2

Protons
Ions

LECP 
background-
subtracted 
data ?



?

Comparison of Local Interstellar and Inner Heliosheath Model Flux Spectra

No direct LISM suprathermal particle measurements below 1 MeV, so we use 
Cummings et al. (2016) limit for suprathermal 0.01 keV – 1 MeV spectrum from 
molecular cloud ionization. We consider this to be lower limit, as per following 
slides. 











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



Radiation Effects in the Solar System
• Space weathering of surfaces and atmospheres

Solar coronal plasma implantation  solar wind 3He on the Moon (ISRU)
Surface erosion by ion sputtering  moon exospheric production
Radiolytic change of molecular chemistry: H2O  OH, O2 biology ?
Deep dielectric charging by energetic particles  discharge effects ?
Secondary neutrons  detect hydrogeneous composition (e.g. H2O, CH4)
Radioisotopes  surface and subsurface dating, heating of subsurface 

• Hazards to robotic spacecraft and human explorers
August 7, 1972 solar flare event: 

Between Apollo 16 (April 16 – 27) & Apollo 17 (Dec. 7 – 19) 
The next centennial “Carrington” event: 12% chance in next 10 years !
Mars mission round trip dose = 0.66 Sievert (66 rems) + large SEP dose?
Spacecraft and surface charging hazards at Φ ≤ 10 kV ?

Goal: Determine the characteristic flux spectra of protons, alphas and heavier 
ions measured on various time scales of days, months, years, solar cycles and 
epochs (e.g., Maunder Minimum to Modern Maximum), and, if possible, even over 
the age of affected solar system planets, moons, and rings. 


	Interplanetary Energetic Particle Measurements with NASA’s Heliophysics System Observatory��John F. Cooper�Chief Scientist, NASA Space Physics Data Facility�Principal Investigator, Virtual Energetic Particle Observatory�Heliophysics Science Division�NASA Goddard Space Flight Center�������
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Radiation Effects in the Solar System

