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Ex Luna Scientia
The Lunar Occultation Explorer (LOX)
Transformational Population Studies of SNeIa 

Mission DesignMission Objectives

Lunar Occultation Technique (LOT)

Simplicity is a hallmark of the LOT concept

The game-changing nature of the LOT/LOX and its 
inherent scalability continue to motivate development in a 
future NASA Explorer on the Deep Space Gateway.

BAGEL: Big Array for Gamma-ray Energy Logging
• Large array of scintillator-based detectors 
• Each BAGEL module is self-contained and operates independently 
• Phoswich configuration to reduce electronics channel counts 

Lunar Orbit, Nadir Pointing
• Orbital parameters dictate FoV & sensitivity 
• Demonstrated extended operations from lunar orbit 
• Minimizes non-sensitive detector mass 

Scalability
• Inherent scalability limited only by resource constraints (mass, power) 
• Performance based on BAGEL size & orbital parameters

LOX Methodology Leverages Lunar 
Environment & Planetary Techniques

• Temporal modulation is foundation of LOT 
• Moon as occulting disk
• Requires ephemeris and pointing knowledge only
• No event-level kinematic reconstruction
• Well-characterized, easily monitored, and slowly varying 

lunar background environment
• Time-resolved spectra as fundamental data product
• Validated w/ proof-of-concept (Miller & Lawrence, 2016)

LOX Mission Implementation is Low Risk

• Single instrument payload, simple operation
• LOX GRS modules are similar in design and operation to 

the highly successful Lunar Prospector Gamma-Ray 
Spectrometer

• Detectors are high-heritage
• Mitigates development & implementation costs
• Modular instrument design is highly scalable and fault-

tolerant
• Electronics are based n MESSENGER GRS, Van Allen 

Proves, Parker Solar Probe
• Leverages >20+ years of GRS planetary experience

Cygnus X-1 was successfully detected using Lunar 
Prospector data (Miller & Lawrence, 2016), validating 
the lunar occultation technique. Sky maps generated 
using the occultation template (top) and Lunar 
Prospector data (bottom) are shown in equatorial 
coordinates; insets show the region centered on 
Cygnus X-1

An example of the scalable BAGEL spectrometer array. Each 
BAGEL detector is a phoswich-based gamma-ray 

spectrometers.

Implementation

Low-Risk, Scalable Implementation
• High-Heritage 
• Mitigates Technology/Detector Development 
• Multiple Programmatic Flight Opportunities 

Operational Simplicity & Experience
• Time-Series Based Analysis 
• Eliminate Kinematic Event Reconstruction/Onboard Processing  
• Leverage >20+ Years Orbital Geochemistry Operations 
• All Data to Ground 

Leverage Benefits of Lunar Environment
• Well-Characterized Background Environment 
• Mission Design & Operations

Synoptic — Wide-FoV — High-Sensitivity
Continuous Monitoring of the MeV gamma-ray Sky

The Lunar Occultation Technique (LOT) directly challenges 
traditional paradigms to provide a unique set of time-domain 
nuclear astrophysics capabilities.

Cost-Effective Alternative to Compton Telescopes
Continuous Monitoring of the MeV gamma-ray Sky

Advantages & Benefits
• Mitigates Systematics Driven by S/C & Env Backgrounds 
• Long, Stable Observing Periods  
• Ensemble Statistics for Statistical Power 
• Low-Maintenance Orbits/Leverage Infrastructure 

Single CONOPS
• Time-Resolved Spectra 
• Fixed Cadence 
• No Slewing or Onboard Data Processing 
• Operations Mimic Planetary Geochmical Investigations 

Validated
• Lunar Prospector & Mars Odyssey GRS as Proxies 
• Miller & Lawrence 2016; Miller & Peplowski 2019

Focused Science Goals
Decadal Review 

SNeIa Progenitors 
Star Formation 
Mass-Energy Lifecycle 

Synergy w/ LSST, WFIRST 

Broadband All-Sky Monitoring
Nuclear Transients 
Galactic Nucleosynthesis 
Multi-Messenger  

Time-Resolved Skymaps
Standard Archived Data Product

Transformational Population Studies of
Gamma-Ray Detected SNeIa

Resolving the Enigma of Thermonuclear Supernovae

The Lunar Occultation Technique (LOT) is a 
new paradigm in nuclear astrophysics

The Lunar Occultation Technique (LOT) directly 
challenges traditional paradigms to provide a unique set 
of time-domain nuclear astrophysics capabilities.

LOX will leverage the power of continuous nuclear 
astrophysics all-sky monitoring and gamma-ray 
spectroscopy to transform our knowledge of SNeIa. 

Pre-LOX: 1 SNeIa after 40-years of gamma-ray efforts
LOX: >100 SNeIa detected & characterized in 3-years

Thermonuclear supernovae are deeply connected to 
topics throughout astrophysics and cosmology. They are, 
however, an enigma. 

What are they? 
Why do they explode? 
How diverse is their population? 

The answers to these fundamental questions will have 
far-reaching impact. Resolving the enigma of SNeIa by 
detecting and characterizing their primary nuclear 
gamma-ray emissions will reveal the multiple 
evolutionary pathways responsible for these objects and 
expose new connections between matter–energy life 
cycles within galaxies. 

LOX measurements of SNeIa will also be 
transformational for precision cosmology investigations 
by providing a physics-based anchor and framework for 
classifying these beacons of the cosmos, their diversity, 
and the story they tell about the fate of the Universe. 

The tremendous potential of nuclear gamma-ray (MeV) 
astrophysics in general, and supernova radioactivity 
measurements in particular, is currently unrealized for the 
simple reason that instrument sensitivity has been 
inadequate. 

LOX changes the state-of-the art

LOX affords high-sensitivity and near-constant all-sky 
monitoring in the MeV regime supporting detailed studies 
of the lifecycle of matter and energy throughout the 
Cosmos.

• Gamma-ray spectral monitoring of SNeIa from pre-
explosion to extended post-explosion epochs

• Determination of fundamental parameters: 
56Ni mass & distribution
Explosion energy
Total mass
Progenitor models

• Census of progenitor SNeIa subclasses, including single- 
and double-degenerate scenarios

• Census of SNeIa environments & host galaxy morphology 
• Anchor multi wavelength probes of SNeIa core (nuclear), 

atmosphere (atomic), and external environments 

Time-resolved spectra acquired 
through post-explosion epochs 

↓
Gamma-ray light curves 

(lines & continuum)
↓

Light curve characterization 
↓

Progenitor & Explosion Metrics

Establishing the Moon as a Platform for Astrophysics

• Enables systematic studies of the fundamental physics 
of SNeIa progenitors, their environments, and explosion 
mechanisms

• Quantifies the inherent systematics of SNeIa 
population(s), the fundamental probes of cosmic 
expansion and dark energy

• Facilitates new insights into star formation by 
associating identified SNeIa progenitors with their local 
galactic environments

• Reveals mass-energy cycles within their galaxies
• Offers proven new capabilities in “Areas of Unusual 

Discovery Potential”: time-domain astronomy and 
surveys

LOX Addresses Decadal Review Findings

Source localization will 
be ~1’ and is facilitated 
by projecting the lunar 
limbs containing the 

source location onto the 
celestial sphere. Source 
location is the locus of 
projected limbs. Limb 

width depends solely on 
LOX orbit altitude and 
spectrum acquisition 

duration.

Occultation templates 
are time-series of rise & 
set times consistent with 
a hypothesized source 
location. The template 

depends on the relative 
orientation of the S/C, 

Moon, and source 
location, and is there 

unique to each source


