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Topics

• Introduction toJPL and Natural Space Environments (NSE) 
Group

• JPL Missions

• Examples of Radiation Environments
– Dose-depth curves for several missions to different targets

• JPL Solar Proton Model

• JPL Solar Proton Environment Specification for Missions
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JPL is part of NASA and Caltech

• Federally (NASA)-owned “Federally-
Funded Research and Development 
Center” (FFRDC)

• University (Caltech)-operated

• ~$2 billion business base

• >5,000 employees 

• 177 acres  (Includes 22 acres leased for 
parking)

• 139 buildings and 36 trailers

• 673,000 net square feet of office space

• 906,000 net square feet of non-office 
space (e.g., labs)

NASA

JPL CalTech
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JPL’s primary mission for NASA is robotic 
space exploration

• Mars

• Solar system

• Exoplanets

• Astrophysics

• Earth Science

• Interplanetary network
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66

ACRIMSAT

Spitzer

Two Voyagers

Cassini
CloudSat

GALEX

Dawn

Opportunity

Mars Reconnaissance Orbiter

Mars Odyssey

GRACE

Wide-field Infrared Survey 
Explorer (WISE)

Jason 1 and Jason 2

Kepler

Juno

MSL

NuSTAR
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Thirty-two spacecraft and instruments across the solar system 
(and beyond) – as of 2015

SMAP 

Jason 1 and Jason 2
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As of June 2016

Pre-Decisional Information -- For Planning and Discussion Purposes Only
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As of June 2016

Pre-Decisional Information -- For Planning and Discussion Purposes Only
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JPL’s Natural Space Environment Group
• Supports all JPL flight missions for the space environments and effects area

– Radiation (environment, shielding, charging, ….), 

– MMOD

– Space weather

– Atomic Oxygen, etc.

• Is responsible for developing and maintaining the radiation environment 
models for planetary missions (Mars, Jupiter, Saturn, etc.)

• Is responsible for evaluating other radiation environment models available in 
the community (e.g., AP9/AE9, Solar proton models) and adopting for JPL 
missions

• Is the JPL lead for nuclear planetology

– Gamma ray and neutron spectroscopy
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The Space Radiation Environment

Sun

Solar Protons and 

Heavier ions

Interplanetary Space: 

Galactic Cosmic Rays

Trapped Particles

Solar Wind

CHARGED PARTICLES
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Radiation Environment Specifications at JPL

• Mission Targets

• Trajectory. For example,
– Earth escape
– At the target
– Interplanetary

• On-board nuclear power 
source??

• Radiation Environment 
Model(s)

• Dose-depth curve

Interplanetary

Near Saturn
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Example Dose-Depth Curve: Earth
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Example Dose-Depth Curve: Moon
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Example Dose-Depth Curve: Mars
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Example Dose-Depth Curve: Jupiter
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Example Dose-Depth Curve: Saturn
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Summary

Mission Total (krad(Si)) SPE (krad(Si) % of SPE

SMAP 4.57 1.90 42

Moon 2.68 2.68 100

Mars (MSL) 3.41 1.46 43

Jupiter (Europa) 3000 5.69 0.2

Satrurn 7.5 7.34 98

• With 100-mil (~2.5 mm) aluminum shielding
• RDF=1
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JPL Solar Proton Model

• Also called the Feynman Model (Joan Feynman)

– Feynman et al., JGR, 1993 (where it is called the JPL 
1991 model)

– Feynman et al., Journal of Atmospheric and Solar-
Terrestrial Physics, 2002

• The JPL Solar Proton Model is one of a class of 
fluence models which follow the lead set by King 
(1974). 
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JPL Solar Proton Model (cont’d)

• Dataset:

– IMP 1, 2, 3, 5, 6, 7, and 8 (APL instrument)

– OGO 1

• Event Definition:
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JPL Solar Proton Model (cont’d)

• Log-Normal Distribution

Fluence = 109 cm-2 
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Courtesy of Henry Garrett, JPL  
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The JPL Proton Model 1 AU Dose 
Prediction

Dose = 4x103 Rads Si 
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Courtesy of Henry Garrett, JPL  
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Some Notes on the Model

Re-generation of Event Fluence 
Distribution using the Feynman’s 
parameters. Total 67 Events

Running sum of the event 
fluences. One largest event 
contributes >40% of the total 
mission fluence.

Histogram of the total fluence 
from 100 different missions

Courtesy of Patrick Morrissey, JPL  
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Other Considerations

• JPL uses the 95% confidence level.

• JPL applies a Radiation Design Factor (RDF) of 2.

• For missions other than at 1 AU, JPL scales the 
mission fluence by the time average of 1/r2.

• For the peak flux environment, we use CREME96 
(i.e., Oct 1989 Event)
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Comparison among Different Solar Proton 
Models

Jiggens et al., RADECS 2016

3-year fluence
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THANK YOU! 
QUESTIONS?


