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A New Observational Paradigm for Nuclear Astrophysics
Breaking through roadblocks toward the Next-Generation

Mitigate Technology No Kinematic

Moon as Occulting Disk Development Reconstruction

® Repeated Occultation = Temporal Modulation
e Detection/Characterization/Monitoring
e Eliminates Kinematic Reconstruction Requirements

High-Heritage &
Ephemeris/Geometry Low-Risk
e Field-of-View — Orbit Altitude
e Sky Coverage & Sensitivity
¢ Implementation Trades (not technology)

LOX

Gamma-Ray Light Bucket (Spectrometer) Operational Scalable
e Non-Imaging — Large-Area, Non-Monolithic Simplicity Design
e Scalability
e Mitigates Technology Development Lifecycle
Operations
e Time-Resolved Spectra
* Planetary Orbital Geochemistry Established Transformational
e Established Protocols Operations Strategy Capabilities
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Lunar Occultation Technique (LOT)

Temporal Modulation
Occultation is a Measure of Difference
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Lunar Occultation Technique (LOT)

Temporal Modulation

Occultation is a Measure of Difference: On-Off
Template is Unigque
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Lunar Occultation Technique (LOT)

Geometry & Ephemerides
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Lunar Occultation Technique (LOT)

Geometry & Ephemerides

if not oceulted + LOT performance variation w/ S/C-Moon geometry
if occulted + FoV (Moon solid angle)
« Source localization (projected limb width)

Limb
Width Lune

=5 e

FoV /vd

Limb Lune Area Non-SNela
Width (deg?) y Srcs*

104 km orbit, 10 s . - 0.00023
0.014

0.5

102 km orbit, 32 s 0.83

*7.2x10-3 src/deg?
At=10 sec
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Sky Coverage & Sensitivity

Ephemeris Dependent

Exposure
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Lunar Occultation eXplorer (LOX)

Sensitivity

INTEGRAL/SPI

INTEGRAL/IBIS-ISGRI
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Observation Interval: 106 second (LOX = elapsed time)

AE/E=1
Threshold Significance: 30

Crab: Jourdain & Roques (2009)
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Lunar Occultation Technique (LOT)

Leverage 20+ Years of Experience in Planetary Orbital Geochemistry

Lunar Albedo

Apollo

GRS & Airless Planetary Bodies

¢ Time Resolved Spectra
3 S e Data Processing/In-situ Calibration
v_' 7’ s 3 e Established Operations Profile
e ; .. 468 The Case for the Moon
e | ack of Atmosphere
¢ | ack of Magnetosphere
¢ Benign Background Environment
e Varies w/ CR Flux
¢ Well-Established Lunar Albedo
¢ Easily Monitored

Lawrence et al. (1998)
Feldman et al. (1999)
Lawrence et al. (2002)
Feldman et al. (2004)
RSM et al. (2012)
Psyche Peplowski et al. (2012)
RSM et al. (2014)
RSM & Lawrence (2016)

. Nl Poisson Limit
\f' e ~0.5-1% Fractional Uncertainty
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Lunar Occultation eXplorer (LOX)

Implementation - High-Heritage, Low-Risk

Every LOX Needs a BAGEL...

0.1-10 MeV

BGO, 7.13 g/cm3, non-Hygroscopic
og/E~10% (FWHM @ 0.662 MeV)
Phoswich Configuration
Fault-Tolerant Implementation

‘Lunar Prosp itor
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Lunar Occultation Technique (LOT)

Validation rswm & Lawrence (2016)
RSM & Peplowski (2019)

In-Situ Validation & Test ‘ l ,
e |Lunar Prospector GRS . ' ’ . 2!
¢ Broadband Spectrum Acquisition (0.05-9 MeV) Wi e
e 32 sec Acquisition Cadence (567 days) S T ﬁ
e 1.29x108 Spectra ' '1 :
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Accatmon scoumo

Thermonuclear (Type-la) Supernovae
Beacons of the Cosmos
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e Science Goal Probe Thermonuclear Physics of SNela

Fundamental Parameters (Miot, Mni, KEtot) and Their Proxies
Progenitor Classification

Volumetric Distribution of ®6Ni

Nuclear Flame/Structure

e Science Goal: Diversity ——  Sensitivity Horizon: 100 Mpc+

e Population Statistics
e (Census of SNela Sub-Classes
e (Census of SNela Environments

e Science Goal The Standard Candle & Precision Cosmology

e Deconvolution of core (nuclear), atmospheric (atomic), and external (reddening)

Precision
Cosmology
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A New Observational Paradigm for Nuclear Astrophysics

High-Heritage, Low-Risk
e Mitigate Technology Development
e | everage Established Operational Approach

Operational Simplicity
e Time-Series Based Analyses
e No Kinematic Reconstruction/All Data to Ground

Establish Moon as Platform for Astro

e Well-Characterized Albedo
e Benign/Easily Monitored Background Environment

4

Transformational Observational Capabilities
e Discovery Enabling Sensitivity
e ~Uniform Sky Coverage/All-Sky Monitoring
e Multiple Programmatic Opportunities
e SMEX
e MIDEX

e AstroProbes
e Other

* High-Priority Astrophysics

Lunar Occultation Explorer
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