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2008 Lunar Reconnaissance Orbiter (LRO)2008 Lunar Reconnaissance Orbiter (LRO)
First Step in the Robotic Lunar Exploration ProgramFirst Step in the Robotic Lunar Exploration Program

Robotic Lunar Exploration ProgramRobotic Lunar Exploration Program

LRO Objectives

• Characterization of the lunar radiation 
environment, biological impacts, and potential 
mitigation. Key aspects of this objective include 
determining the global radiation environment, 
investigating the capabilities of potential shielding 
materials, and validating deep space radiation 
prototype hardware and software.

• Develop a high resolution global, three 
dimensional geodetic grid of the Moon and provide 
the topography necessary for selecting future 
landing sites.

• Assess in detail the resources and environments 
of the Moon’s polar regions.

• High spatial resolution assessment of the Moon’s 
surface addressing elemental composition, 
mineralogy, and Regolith characteristics



LRO Mission Overview
Orbiter

LRO Instruments

• Lunar Orbiter Laser Altimeter (LOLA) Measurement Investigation
– LOLA will determine the global topography of the lunar surface at 
high resolution, measure landing site slopes and search for polar ices in 
shadowed regions.

• Lunar Reconnaissance Orbiter Camera (LROC) – LROC will 
acquire targeted images of the lunar surface capable of resolving small-
scale features that could be landing site hazards, as well as wide-angle 
images at multiple wavelengths of the lunar poles to document changing 
illumination conditions and potential resources.

• Lunar Exploration Neutron Detector (LEND) – LEND will map the 
flux of neutrons from the lunar surface to search for evidence of water 
ice and provide measurements of the space radiation environment which 
can be useful for future human exploration.

• Diviner Lunar Radiometer Experiment – Diviner will map the 
temperature of the entire lunar surface at 300 meter horizontal scales to 
identify cold-traps and potential ice deposits.

• Lyman-Alpha Mapping Project (LAMP) – LAMP will observe the 
entire lunar surface in the far ultraviolet.  LAMP will search for surface 
ices and frosts in the polar regions and provide images of permanently 
shadowed regions illuminated only by starlight.

• Cosmic Ray Telescope for the Effects of Radiation (CRaTER) –
CRaTER will investigate the effect of galactic cosmic rays on tissue-
equivalent plastics as a constraint on models of biological response to 
background space radiation.
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Competitively Selected LRO Instruments Provide Broad Benefits
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Science/Measurement OverviewScience/Measurement Overview

CRaTER Objectives:

“To characterize the global 
lunar radiation environment 
and its biological impacts.”

“…to address the prime 
LRO objective and to 
answer key questions 
required for enabling the 
next phase of human 
exploration in our solar 
system. ”





 

• GCR/SEP parent spectra will be 
measured by other spacecraft 
during LRO mission

• Biological assessment requires 
not the incident CR spectrum, 
but the LET spectra behind 
tissue-equivalent material 

• LET spectra are a missing link, 
currently derived largely by 
models; we require experimental 
measurements to provide critical 
ground truth – CRaTER will 
provide information needed for 
this essential quantity 

Rationale for LET SpectraRationale for LET Spectra



Classical ionizing radiationClassical ionizing radiation

• Energy loss: Electromagnetic (electrons and nucleus) and nuclear
(spallation)

• Nuclear interactions occur in a fraction of events
• Above plots are from a SRIM-2003 simulation of 50 MeV 

protons in human tissue



Science Measurement ConceptScience Measurement Concept



CRaTERCRaTER Traceability MatrixTraceability Matrix

Current energy spectral range:
• 200 keV to 100 MeV (low LET); and 
• 2 MeV to 1 GeV (high LET)

This corresponds to:
• a range of LET from 0.2 keV/µ to 7 MeV/ µ (stopping 1 Gev/nuc Fe-56) 
• good spectral overlap in the 100 kev/µ range (key range for RBEs)



CRaTERCRaTER Telescope ConfigurationTelescope Configuration



Nuclear fragmentation of 1 Nuclear fragmentation of 1 GeV/nucGeV/nuc FeFe

Iron in; Everything out!



Evolution of proton spectrum through stackEvolution of proton spectrum through stack
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Maximum singles detector ratesMaximum singles detector rates
CRaTERCRaTER gets 100kbits/sec!!gets 100kbits/sec!!

• LET spectra will be constructed for GCR and SEP independently
• Will be sorted according to lunar phase (plasma regime) and LRO orbit location



•• What we knowWhat we know
• “Unmoderated” GCR and SEP spectra @ 1AU (well enough) in 

lunar (and other nearly-interplanetary environments)
•• What we don’t knowWhat we don’t know

• How GCR/SEP particles are transported through matter and how 
energy is deposited (e.g., LET), particularly heaviest ions at 
highest energies –needed to validate transport codes which are 
currently our only resource for assessing this biologically 
important ionizing radiation component.  What is LET spectrum 
of GCR/SEP behind “tissue” at moon (and interplanetary space)?

•• What we needWhat we need
• Instruments like CRaTER on LRO providing missing link 

between model/theory-data closure on radiation effects; RAD on 
MSL providing data for validating atmospheric transport codes

• State-of-the-art radiation transport modeling efforts like 
BBFRAG, HETC-HEDS, FLUKA, etc.

• Better connections of S3C with radiation biology and EE 
communities to provide measurements of value to their needs


