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High-Heritage & 
Low-Risk 

Operational  
Simplicity 

LOX

Mitigate Technology 
Development

Established 
Operations Strategy

No Kinematic 
Reconstruction

Scalable  
Design

Transformational 
Capabilities

Breaking through roadblocks toward the Next-Generation

Moon as Occulting Disk
• Repeated Occultation → Temporal Modulation 
• Detection/Characterization/Monitoring 
• Eliminates Kinematic Reconstruction Requirements 

Ephemeris/Geometry
• Field-of-View → Orbit Altitude 
• Sky Coverage & Sensitivity 
• Implementation Trades (not technology) 

Gamma-Ray Light Bucket (Spectrometer)
• Non-Imaging → Large-Area, Non-Monolithic 
• Scalability 
• Mitigates Technology Development Lifecycle 

Operations
• Time-Resolved Spectra 
• Planetary Orbital Geochemistry 
• Established Protocols
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Ensemble

Non-Target 
Ensemble

Skellam 
Statistics

Source Location
Lunar Ephemeris

S/C Ephemeris

Time-Resolved Spectra
(Line or Band)

Unique Template:
Relative Orientation

Time Series of
Acquired Count 

Differences

Occultation is a Measure of Difference
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µ̂S,null
<latexit sha1_base64="cB+MsueoHRusqXCyrPWi3+XLHIQ=">AAACBHicdZDLSsNAFIYnXmu9RV12M1iELqQkUqjdFdy4rGgv0IQymU7boTOTMDMRSsjCja/ixoUibn0Id76NkzSCiv4w8PGfc5hz/iBiVGnH+bBWVtfWNzZLW+Xtnd29ffvgsKfCWGLSxSEL5SBAijAqSFdTzcggkgTxgJF+ML/I6v1bIhUNxY1eRMTnaCrohGKkjTWyK94M6cTjcTpKrk89jvRM8kTEjKXpyK469VYuuIRmo4CWC926k6sKCnVG9rs3DnHMidCYIaWGrhNpP0FSU8xIWvZiRSKE52hKhgYF4kT5SX5ECk+MM4aTUJonNMzd7xMJ4koteGA6sy3V71pm/lUbxnpy7idURLEmAi8/msQM6hBmicAxlQRrtjCAsKRmV4hnSCKsTW5lE8LXpfB/6J3VXcNXjWq7VsRRAhVwDGrABU3QBpegA7oAgzvwAJ7As3VvPVov1uuydcUqZo7AD1lvn9DTmW8=</latexit><latexit sha1_base64="cB+MsueoHRusqXCyrPWi3+XLHIQ=">AAACBHicdZDLSsNAFIYnXmu9RV12M1iELqQkUqjdFdy4rGgv0IQymU7boTOTMDMRSsjCja/ixoUibn0Id76NkzSCiv4w8PGfc5hz/iBiVGnH+bBWVtfWNzZLW+Xtnd29ffvgsKfCWGLSxSEL5SBAijAqSFdTzcggkgTxgJF+ML/I6v1bIhUNxY1eRMTnaCrohGKkjTWyK94M6cTjcTpKrk89jvRM8kTEjKXpyK469VYuuIRmo4CWC926k6sKCnVG9rs3DnHMidCYIaWGrhNpP0FSU8xIWvZiRSKE52hKhgYF4kT5SX5ECk+MM4aTUJonNMzd7xMJ4koteGA6sy3V71pm/lUbxnpy7idURLEmAi8/msQM6hBmicAxlQRrtjCAsKRmV4hnSCKsTW5lE8LXpfB/6J3VXcNXjWq7VsRRAhVwDGrABU3QBpegA7oAgzvwAJ7As3VvPVov1uuydcUqZo7AD1lvn9DTmW8=</latexit><latexit sha1_base64="cB+MsueoHRusqXCyrPWi3+XLHIQ=">AAACBHicdZDLSsNAFIYnXmu9RV12M1iELqQkUqjdFdy4rGgv0IQymU7boTOTMDMRSsjCja/ixoUibn0Id76NkzSCiv4w8PGfc5hz/iBiVGnH+bBWVtfWNzZLW+Xtnd29ffvgsKfCWGLSxSEL5SBAijAqSFdTzcggkgTxgJF+ML/I6v1bIhUNxY1eRMTnaCrohGKkjTWyK94M6cTjcTpKrk89jvRM8kTEjKXpyK469VYuuIRmo4CWC926k6sKCnVG9rs3DnHMidCYIaWGrhNpP0FSU8xIWvZiRSKE52hKhgYF4kT5SX5ECk+MM4aTUJonNMzd7xMJ4koteGA6sy3V71pm/lUbxnpy7idURLEmAi8/msQM6hBmicAxlQRrtjCAsKRmV4hnSCKsTW5lE8LXpfB/6J3VXcNXjWq7VsRRAhVwDGrABU3QBpegA7oAgzvwAJ7As3VvPVov1uuydcUqZo7AD1lvn9DTmW8=</latexit><latexit sha1_base64="cB+MsueoHRusqXCyrPWi3+XLHIQ=">AAACBHicdZDLSsNAFIYnXmu9RV12M1iELqQkUqjdFdy4rGgv0IQymU7boTOTMDMRSsjCja/ixoUibn0Id76NkzSCiv4w8PGfc5hz/iBiVGnH+bBWVtfWNzZLW+Xtnd29ffvgsKfCWGLSxSEL5SBAijAqSFdTzcggkgTxgJF+ML/I6v1bIhUNxY1eRMTnaCrohGKkjTWyK94M6cTjcTpKrk89jvRM8kTEjKXpyK469VYuuIRmo4CWC926k6sKCnVG9rs3DnHMidCYIaWGrhNpP0FSU8xIWvZiRSKE52hKhgYF4kT5SX5ECk+MM4aTUJonNMzd7xMJ4koteGA6sy3V71pm/lUbxnpy7idURLEmAi8/msQM6hBmicAxlQRrtjCAsKRmV4hnSCKsTW5lE8LXpfB/6J3VXcNXjWq7VsRRAhVwDGrABU3QBpegA7oAgzvwAJ7As3VvPVov1uuydcUqZo7AD1lvn9DTmW8=</latexit>

�̂2
S,null

<latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit><latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit><latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit><latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit>

�̂2
S,tar

<latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit><latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit><latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit><latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit>

RSM & Lawrence (2016) 
RSM (2019)

�2
S = 2µbck

<latexit sha1_base64="hPtDBgx9oAnDXjuNitFq/TS8boA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBG6Ckkp1C6EghuXFe0Dmhom00k7dCYJMxOhhO7c+CtuXCji1l9w5984SSOo6IELh3Pu5d57/JhRqWz7w1haXlldWy9tlDe3tnd2zb39rowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86Xnm926JkDQKr9UsJkOOxiENKEZKS5555Eo65uim5l2d1VyeeKnLkZoInvp4Op97ZsW2mjnggjTqBWk60LHsHBVQoO2Z7+4owgknocIMSTlw7FgNUyQUxYzMy24iSYzwFI3JQNMQcSKHaf7HHJ5oZQSDSOgKFczV7xMp4lLOuK87syPlby8T//IGiQpOhykN40SREC8WBQmDKoJZKHBEBcGKzTRBWFB9K8QTJBBWOrqyDuHrU/g/6dYsx7acy3qlVS3iKIFDcAyqwAEN0AIXoA06AIM78ACewLNxbzwaL8bronXJKGYOwA8Yb58bYpoQ</latexit><latexit sha1_base64="hPtDBgx9oAnDXjuNitFq/TS8boA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBG6Ckkp1C6EghuXFe0Dmhom00k7dCYJMxOhhO7c+CtuXCji1l9w5984SSOo6IELh3Pu5d57/JhRqWz7w1haXlldWy9tlDe3tnd2zb39rowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86Xnm926JkDQKr9UsJkOOxiENKEZKS5555Eo65uim5l2d1VyeeKnLkZoInvp4Op97ZsW2mjnggjTqBWk60LHsHBVQoO2Z7+4owgknocIMSTlw7FgNUyQUxYzMy24iSYzwFI3JQNMQcSKHaf7HHJ5oZQSDSOgKFczV7xMp4lLOuK87syPlby8T//IGiQpOhykN40SREC8WBQmDKoJZKHBEBcGKzTRBWFB9K8QTJBBWOrqyDuHrU/g/6dYsx7acy3qlVS3iKIFDcAyqwAEN0AIXoA06AIM78ACewLNxbzwaL8bronXJKGYOwA8Yb58bYpoQ</latexit><latexit sha1_base64="hPtDBgx9oAnDXjuNitFq/TS8boA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBG6Ckkp1C6EghuXFe0Dmhom00k7dCYJMxOhhO7c+CtuXCji1l9w5984SSOo6IELh3Pu5d57/JhRqWz7w1haXlldWy9tlDe3tnd2zb39rowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86Xnm926JkDQKr9UsJkOOxiENKEZKS5555Eo65uim5l2d1VyeeKnLkZoInvp4Op97ZsW2mjnggjTqBWk60LHsHBVQoO2Z7+4owgknocIMSTlw7FgNUyQUxYzMy24iSYzwFI3JQNMQcSKHaf7HHJ5oZQSDSOgKFczV7xMp4lLOuK87syPlby8T//IGiQpOhykN40SREC8WBQmDKoJZKHBEBcGKzTRBWFB9K8QTJBBWOrqyDuHrU/g/6dYsx7acy3qlVS3iKIFDcAyqwAEN0AIXoA06AIM78ACewLNxbzwaL8bronXJKGYOwA8Yb58bYpoQ</latexit><latexit sha1_base64="hPtDBgx9oAnDXjuNitFq/TS8boA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBG6Ckkp1C6EghuXFe0Dmhom00k7dCYJMxOhhO7c+CtuXCji1l9w5984SSOo6IELh3Pu5d57/JhRqWz7w1haXlldWy9tlDe3tnd2zb39rowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86Xnm926JkDQKr9UsJkOOxiENKEZKS5555Eo65uim5l2d1VyeeKnLkZoInvp4Op97ZsW2mjnggjTqBWk60LHsHBVQoO2Z7+4owgknocIMSTlw7FgNUyQUxYzMy24iSYzwFI3JQNMQcSKHaf7HHJ5oZQSDSOgKFczV7xMp4lLOuK87syPlby8T//IGiQpOhykN40SREC8WBQmDKoJZKHBEBcGKzTRBWFB9K8QTJBBWOrqyDuHrU/g/6dYsx7acy3qlVS3iKIFDcAyqwAEN0AIXoA06AIM78ACewLNxbzwaL8bronXJKGYOwA8Yb58bYpoQ</latexit>

µS = 0
<latexit sha1_base64="RxwWNONkCnAkYug0abtY5ebWd58=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahp2VXCrUHoeDFY0X7Ae1SsmnahibZJckKZemP8OJBEa/+Hm/+G9PtCir6YODx3gwz88KYM20878MprK1vbG4Vt0s7u3v7B+XDo46OEkVom0Q8Ur0Qa8qZpG3DDKe9WFEsQk674exq6XfvqdIskndmHtNA4IlkY0awsVJ3IJLh7aU3LFc8t5EBrUi9lpOGj3zXy1CBHK1h+X0wikgiqDSEY637vhebIMXKMMLpojRINI0xmeEJ7VsqsaA6SLNzF+jMKiM0jpQtaVCmfp9IsdB6LkLbKbCZ6t/eUvzL6ydmfBGkTMaJoZKsFo0TjkyElr+jEVOUGD63BBPF7K2ITLHCxNiESjaEr0/R/6Rz7vqe69/UKs1qHkcRTuAUquBDHZpwDS1oA4EZPMATPDux8+i8OK+r1oKTzxzDDzhvn3iEj5Y=</latexit><latexit sha1_base64="RxwWNONkCnAkYug0abtY5ebWd58=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahp2VXCrUHoeDFY0X7Ae1SsmnahibZJckKZemP8OJBEa/+Hm/+G9PtCir6YODx3gwz88KYM20878MprK1vbG4Vt0s7u3v7B+XDo46OEkVom0Q8Ur0Qa8qZpG3DDKe9WFEsQk674exq6XfvqdIskndmHtNA4IlkY0awsVJ3IJLh7aU3LFc8t5EBrUi9lpOGj3zXy1CBHK1h+X0wikgiqDSEY637vhebIMXKMMLpojRINI0xmeEJ7VsqsaA6SLNzF+jMKiM0jpQtaVCmfp9IsdB6LkLbKbCZ6t/eUvzL6ydmfBGkTMaJoZKsFo0TjkyElr+jEVOUGD63BBPF7K2ITLHCxNiESjaEr0/R/6Rz7vqe69/UKs1qHkcRTuAUquBDHZpwDS1oA4EZPMATPDux8+i8OK+r1oKTzxzDDzhvn3iEj5Y=</latexit><latexit sha1_base64="RxwWNONkCnAkYug0abtY5ebWd58=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahp2VXCrUHoeDFY0X7Ae1SsmnahibZJckKZemP8OJBEa/+Hm/+G9PtCir6YODx3gwz88KYM20878MprK1vbG4Vt0s7u3v7B+XDo46OEkVom0Q8Ur0Qa8qZpG3DDKe9WFEsQk674exq6XfvqdIskndmHtNA4IlkY0awsVJ3IJLh7aU3LFc8t5EBrUi9lpOGj3zXy1CBHK1h+X0wikgiqDSEY637vhebIMXKMMLpojRINI0xmeEJ7VsqsaA6SLNzF+jMKiM0jpQtaVCmfp9IsdB6LkLbKbCZ6t/eUvzL6ydmfBGkTMaJoZKsFo0TjkyElr+jEVOUGD63BBPF7K2ITLHCxNiESjaEr0/R/6Rz7vqe69/UKs1qHkcRTuAUquBDHZpwDS1oA4EZPMATPDux8+i8OK+r1oKTzxzDDzhvn3iEj5Y=</latexit><latexit sha1_base64="RxwWNONkCnAkYug0abtY5ebWd58=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRahp2VXCrUHoeDFY0X7Ae1SsmnahibZJckKZemP8OJBEa/+Hm/+G9PtCir6YODx3gwz88KYM20878MprK1vbG4Vt0s7u3v7B+XDo46OEkVom0Q8Ur0Qa8qZpG3DDKe9WFEsQk674exq6XfvqdIskndmHtNA4IlkY0awsVJ3IJLh7aU3LFc8t5EBrUi9lpOGj3zXy1CBHK1h+X0wikgiqDSEY637vhebIMXKMMLpojRINI0xmeEJ7VsqsaA6SLNzF+jMKiM0jpQtaVCmfp9IsdB6LkLbKbCZ6t/eUvzL6ydmfBGkTMaJoZKsFo0TjkyElr+jEVOUGD63BBPF7K2ITLHCxNiESjaEr0/R/6Rz7vqe69/UKs1qHkcRTuAUquBDHZpwDS1oA4EZPMATPDux8+i8OK+r1oKTzxzDDzhvn3iEj5Y=</latexit>
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Lunar Occultation Technique (LOT)
Geometry & Ephemerides

13 February 2019

Instantaneous 
FoV

S/C

✓FoV = sin�1

✓
RM

RM + h

◆

Example: Elliptical Orbit
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Lunar Occultation Technique (LOT)
Geometry & Ephemerides

13 February 2019

Instantaneous 
FoV

S/C

✓FoV = sin�1

✓
RM

RM + h

◆

*7.2×10-3 src/deg2


Δt=10 sec

Limb 
Width

FoV

Lune

Limb 
Width

Lune Area 
(deg2)

Non-SNeIa 
γ Srcs*

1” 3.2×10-2 0.00023

1’ 1.9 0.014

0.5˚ 68 0.5

1˚ 115 0.83102 km orbit, 32 s

104 km orbit, 10 s

• LOT performance variation w/ S/C-Moon geometry

• FoV (Moon solid angle)

• Source localization (projected limb width)
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Sky Coverage & Sensitivity
Ephemeris Dependent

        Higher                                          Lower

Less Exposure                                      More Exposure

Exposure

Sensitivity

13 February 2019

�t
<latexit sha1_base64="VS1H0dBliSRWk0PRUDYDLolJiwQ=">AAAB73icdZDLSgNBEEVr4ivGV9Slm8YgZBVmJBCzC+jCZQTzgGQIPZ2epEnPw+4aIQz5CTcuFHHr77jzb+xMRlDRCw2HW1V01fViKTTa9odVWFvf2Nwqbpd2dvf2D8qHR10dJYrxDotkpPoe1VyKkHdQoOT9WHEaeJL3vNnlst6750qLKLzFeczdgE5C4QtG0Vj94RWXSAmOyhW71sxEVtCo59B0iFOzM1UgV3tUfh+OI5YEPEQmqdYDx47RTalCwSRflIaJ5jFlMzrhA4MhDbh202zfBTkzzpj4kTIvRJK53ydSGmg9DzzTGVCc6t+1pflXbZCgf+GmIowT5CFbfeQnkmBElseTsVCcoZwboEwJsythU6ooQxNRyYTwdSn5H7rnNcfwTb3SquZxFOEETqEKDjSgBdfQhg4wkPAAT/Bs3VmP1ov1umotWPnMMfyQ9fYJXN+QHQ==</latexit><latexit sha1_base64="VS1H0dBliSRWk0PRUDYDLolJiwQ=">AAAB73icdZDLSgNBEEVr4ivGV9Slm8YgZBVmJBCzC+jCZQTzgGQIPZ2epEnPw+4aIQz5CTcuFHHr77jzb+xMRlDRCw2HW1V01fViKTTa9odVWFvf2Nwqbpd2dvf2D8qHR10dJYrxDotkpPoe1VyKkHdQoOT9WHEaeJL3vNnlst6750qLKLzFeczdgE5C4QtG0Vj94RWXSAmOyhW71sxEVtCo59B0iFOzM1UgV3tUfh+OI5YEPEQmqdYDx47RTalCwSRflIaJ5jFlMzrhA4MhDbh202zfBTkzzpj4kTIvRJK53ydSGmg9DzzTGVCc6t+1pflXbZCgf+GmIowT5CFbfeQnkmBElseTsVCcoZwboEwJsythU6ooQxNRyYTwdSn5H7rnNcfwTb3SquZxFOEETqEKDjSgBdfQhg4wkPAAT/Bs3VmP1ov1umotWPnMMfyQ9fYJXN+QHQ==</latexit><latexit sha1_base64="VS1H0dBliSRWk0PRUDYDLolJiwQ=">AAAB73icdZDLSgNBEEVr4ivGV9Slm8YgZBVmJBCzC+jCZQTzgGQIPZ2epEnPw+4aIQz5CTcuFHHr77jzb+xMRlDRCw2HW1V01fViKTTa9odVWFvf2Nwqbpd2dvf2D8qHR10dJYrxDotkpPoe1VyKkHdQoOT9WHEaeJL3vNnlst6750qLKLzFeczdgE5C4QtG0Vj94RWXSAmOyhW71sxEVtCo59B0iFOzM1UgV3tUfh+OI5YEPEQmqdYDx47RTalCwSRflIaJ5jFlMzrhA4MhDbh202zfBTkzzpj4kTIvRJK53ydSGmg9DzzTGVCc6t+1pflXbZCgf+GmIowT5CFbfeQnkmBElseTsVCcoZwboEwJsythU6ooQxNRyYTwdSn5H7rnNcfwTb3SquZxFOEETqEKDjSgBdfQhg4wkPAAT/Bs3VmP1ov1umotWPnMMfyQ9fYJXN+QHQ==</latexit><latexit sha1_base64="VS1H0dBliSRWk0PRUDYDLolJiwQ=">AAAB73icdZDLSgNBEEVr4ivGV9Slm8YgZBVmJBCzC+jCZQTzgGQIPZ2epEnPw+4aIQz5CTcuFHHr77jzb+xMRlDRCw2HW1V01fViKTTa9odVWFvf2Nwqbpd2dvf2D8qHR10dJYrxDotkpPoe1VyKkHdQoOT9WHEaeJL3vNnlst6750qLKLzFeczdgE5C4QtG0Vj94RWXSAmOyhW71sxEVtCo59B0iFOzM1UgV3tUfh+OI5YEPEQmqdYDx47RTalCwSRflIaJ5jFlMzrhA4MhDbh202zfBTkzzpj4kTIvRJK53ydSGmg9DzzTGVCc6t+1pflXbZCgf+GmIowT5CFbfeQnkmBElseTsVCcoZwboEwJsythU6ooQxNRyYTwdSn5H7rnNcfwTb3SquZxFOEETqEKDjSgBdfQhg4wkPAAT/Bs3VmP1ov1umotWPnMMfyQ9fYJXN+QHQ==</latexit> Acquisition Cadence (sec)
"A�<latexit sha1_base64="zyYlFFzl1g/B31mCpurFLp9303w=">AAAB/nicdZDLSsNAFIYn9VbrLSqu3AwWoauSSKF2V3HjsoK9QBPCZDpph05mwsykUELBV3HjQhG3Poc738ZpGkFFfxj4+M85nDN/mDCqtON8WKW19Y3NrfJ2ZWd3b//APjzqKZFKTLpYMCEHIVKEUU66mmpGBokkKA4Z6YfT62W9PyNSUcHv9DwhfozGnEYUI22swD7xZkiSRFEmOLwKMg9TiReBXXXqrVxwBc1GAS0XunUnVxUU6gT2uzcSOI0J15ghpYauk2g/Q1JTzMii4qWKJAhP0ZgMDXIUE+Vn+fkLeG6cEYyENI9rmLvfJzIUKzWPQ9MZIz1Rv2tL86/aMNXRpZ9RnqSacLxaFKUMagGXWcARlQRrNjeAsKTmVognSCKsTWIVE8LXT+H/0Luou4ZvG9V2rYijDE7BGagBFzRBG9yADugCDDLwAJ7As3VvPVov1uuqtWQVM8fgh6y3T00xlko=</latexit><latexit sha1_base64="zyYlFFzl1g/B31mCpurFLp9303w=">AAAB/nicdZDLSsNAFIYn9VbrLSqu3AwWoauSSKF2V3HjsoK9QBPCZDpph05mwsykUELBV3HjQhG3Poc738ZpGkFFfxj4+M85nDN/mDCqtON8WKW19Y3NrfJ2ZWd3b//APjzqKZFKTLpYMCEHIVKEUU66mmpGBokkKA4Z6YfT62W9PyNSUcHv9DwhfozGnEYUI22swD7xZkiSRFEmOLwKMg9TiReBXXXqrVxwBc1GAS0XunUnVxUU6gT2uzcSOI0J15ghpYauk2g/Q1JTzMii4qWKJAhP0ZgMDXIUE+Vn+fkLeG6cEYyENI9rmLvfJzIUKzWPQ9MZIz1Rv2tL86/aMNXRpZ9RnqSacLxaFKUMagGXWcARlQRrNjeAsKTmVognSCKsTWIVE8LXT+H/0Luou4ZvG9V2rYijDE7BGagBFzRBG9yADugCDDLwAJ7As3VvPVov1uuqtWQVM8fgh6y3T00xlko=</latexit><latexit sha1_base64="zyYlFFzl1g/B31mCpurFLp9303w=">AAAB/nicdZDLSsNAFIYn9VbrLSqu3AwWoauSSKF2V3HjsoK9QBPCZDpph05mwsykUELBV3HjQhG3Poc738ZpGkFFfxj4+M85nDN/mDCqtON8WKW19Y3NrfJ2ZWd3b//APjzqKZFKTLpYMCEHIVKEUU66mmpGBokkKA4Z6YfT62W9PyNSUcHv9DwhfozGnEYUI22swD7xZkiSRFEmOLwKMg9TiReBXXXqrVxwBc1GAS0XunUnVxUU6gT2uzcSOI0J15ghpYauk2g/Q1JTzMii4qWKJAhP0ZgMDXIUE+Vn+fkLeG6cEYyENI9rmLvfJzIUKzWPQ9MZIz1Rv2tL86/aMNXRpZ9RnqSacLxaFKUMagGXWcARlQRrNjeAsKTmVognSCKsTWIVE8LXT+H/0Luou4ZvG9V2rYijDE7BGagBFzRBG9yADugCDDLwAJ7As3VvPVov1uuqtWQVM8fgh6y3T00xlko=</latexit><latexit sha1_base64="zyYlFFzl1g/B31mCpurFLp9303w=">AAAB/nicdZDLSsNAFIYn9VbrLSqu3AwWoauSSKF2V3HjsoK9QBPCZDpph05mwsykUELBV3HjQhG3Poc738ZpGkFFfxj4+M85nDN/mDCqtON8WKW19Y3NrfJ2ZWd3b//APjzqKZFKTLpYMCEHIVKEUU66mmpGBokkKA4Z6YfT62W9PyNSUcHv9DwhfozGnEYUI22swD7xZkiSRFEmOLwKMg9TiReBXXXqrVxwBc1GAS0XunUnVxUU6gT2uzcSOI0J15ghpYauk2g/Q1JTzMii4qWKJAhP0ZgMDXIUE+Vn+fkLeG6cEYyENI9rmLvfJzIUKzWPQ9MZIz1Rv2tL86/aMNXRpZ9RnqSacLxaFKUMagGXWcARlQRrNjeAsKTmVognSCKsTWIVE8LXT+H/0Luou4ZvG9V2rYijDE7BGagBFzRBG9yADugCDDLwAJ7As3VvPVov1uuqtWQVM8fgh6y3T00xlko=</latexit>

Effective Area (cm2)
RB

<latexit sha1_base64="YVOPXgrtT8zLL7RW3RgmCI1mgKc=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovQVUmkULsrunFZxT6gjWUynbZDJ5MwM1FKyH+4caGIW//FnX/jJI2gogcGDufcyz1zvJAzpW37wyqsrK6tbxQ3S1vbO7t75f2DrgoiSWiHBDyQfQ8rypmgHc00p/1QUux7nPa8+UXq9+6oVCwQN3oRUtfHU8EmjGBtpNvrUTz0sZ5JPz5PklG5YteaGdCSNOo5aTrIqdkZKpCjPSq/D8cBiXwqNOFYqYFjh9qNsdSMcJqUhpGiISZzPKUDQwX2qXLjLHWCTowyRpNAmic0ytTvGzH2lVr4nplMI6rfXir+5Q0iPTlzYybCSFNBlocmEUc6QGkFaMwkJZovDMFEMpMVkRmWmGhTVMmU8PVT9D/pntYcw6/qlVY1r6MIR3AMVXCgAS24hDZ0gICEB3iCZ+veerRerNflaMHKdw7hB6y3T8YBk0c=</latexit><latexit sha1_base64="YVOPXgrtT8zLL7RW3RgmCI1mgKc=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovQVUmkULsrunFZxT6gjWUynbZDJ5MwM1FKyH+4caGIW//FnX/jJI2gogcGDufcyz1zvJAzpW37wyqsrK6tbxQ3S1vbO7t75f2DrgoiSWiHBDyQfQ8rypmgHc00p/1QUux7nPa8+UXq9+6oVCwQN3oRUtfHU8EmjGBtpNvrUTz0sZ5JPz5PklG5YteaGdCSNOo5aTrIqdkZKpCjPSq/D8cBiXwqNOFYqYFjh9qNsdSMcJqUhpGiISZzPKUDQwX2qXLjLHWCTowyRpNAmic0ytTvGzH2lVr4nplMI6rfXir+5Q0iPTlzYybCSFNBlocmEUc6QGkFaMwkJZovDMFEMpMVkRmWmGhTVMmU8PVT9D/pntYcw6/qlVY1r6MIR3AMVXCgAS24hDZ0gICEB3iCZ+veerRerNflaMHKdw7hB6y3T8YBk0c=</latexit><latexit sha1_base64="YVOPXgrtT8zLL7RW3RgmCI1mgKc=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovQVUmkULsrunFZxT6gjWUynbZDJ5MwM1FKyH+4caGIW//FnX/jJI2gogcGDufcyz1zvJAzpW37wyqsrK6tbxQ3S1vbO7t75f2DrgoiSWiHBDyQfQ8rypmgHc00p/1QUux7nPa8+UXq9+6oVCwQN3oRUtfHU8EmjGBtpNvrUTz0sZ5JPz5PklG5YteaGdCSNOo5aTrIqdkZKpCjPSq/D8cBiXwqNOFYqYFjh9qNsdSMcJqUhpGiISZzPKUDQwX2qXLjLHWCTowyRpNAmic0ytTvGzH2lVr4nplMI6rfXir+5Q0iPTlzYybCSFNBlocmEUc6QGkFaMwkJZovDMFEMpMVkRmWmGhTVMmU8PVT9D/pntYcw6/qlVY1r6MIR3AMVXCgAS24hDZ0gICEB3iCZ+veerRerNflaMHKdw7hB6y3T8YBk0c=</latexit><latexit sha1_base64="YVOPXgrtT8zLL7RW3RgmCI1mgKc=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovQVUmkULsrunFZxT6gjWUynbZDJ5MwM1FKyH+4caGIW//FnX/jJI2gogcGDufcyz1zvJAzpW37wyqsrK6tbxQ3S1vbO7t75f2DrgoiSWiHBDyQfQ8rypmgHc00p/1QUux7nPa8+UXq9+6oVCwQN3oRUtfHU8EmjGBtpNvrUTz0sZ5JPz5PklG5YteaGdCSNOo5aTrIqdkZKpCjPSq/D8cBiXwqNOFYqYFjh9qNsdSMcJqUhpGiISZzPKUDQwX2qXLjLHWCTowyRpNAmic0ytTvGzH2lVr4nplMI6rfXir+5Q0iPTlzYybCSFNBlocmEUc6QGkFaMwkJZovDMFEMpMVkRmWmGhTVMmU8PVT9D/pntYcw6/qlVY1r6MIR3AMVXCgAS24hDZ0gICEB3iCZ+veerRerNflaMHKdw7hB6y3T8YBk0c=</latexit>

Background Rate (Hz)

T
<latexit sha1_base64="9FlXdODLIhBws2ypPsbhOd95kiA=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YgZBVmRIjZBdy4TCAvSIbQ06lJ2vQ86O4RwpAvcONCEbd+kjv/xs5kBBW90HC4VUVXXS8WXGnb/rAKG5tb2zvF3dLe/sHhUfn4pKeiRDLsskhEcuBRhYKH2NVcCxzEEmngCex785tVvX+PUvEo7OhFjG5ApyH3OaPaWO3OuFyxa41MZA31qxwaDnFqdqYK5GqNy++jScSSAEPNBFVq6NixdlMqNWcCl6VRojCmbE6nODQY0gCVm2aLLsmFcSbEj6R5oSaZ+30ipYFSi8AznQHVM/W7tjL/qg0T7V+7KQ/jRGPI1h/5iSA6IquryYRLZFosDFAmudmVsBmVlGmTTcmE8HUp+R96lzXHcPuq0qzmcRThDM6hCg7UoQm30IIuMEB4gCd4tu6sR+vFel23Fqx85hR+yHr7BH0TjVE=</latexit><latexit sha1_base64="9FlXdODLIhBws2ypPsbhOd95kiA=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YgZBVmRIjZBdy4TCAvSIbQ06lJ2vQ86O4RwpAvcONCEbd+kjv/xs5kBBW90HC4VUVXXS8WXGnb/rAKG5tb2zvF3dLe/sHhUfn4pKeiRDLsskhEcuBRhYKH2NVcCxzEEmngCex785tVvX+PUvEo7OhFjG5ApyH3OaPaWO3OuFyxa41MZA31qxwaDnFqdqYK5GqNy++jScSSAEPNBFVq6NixdlMqNWcCl6VRojCmbE6nODQY0gCVm2aLLsmFcSbEj6R5oSaZ+30ipYFSi8AznQHVM/W7tjL/qg0T7V+7KQ/jRGPI1h/5iSA6IquryYRLZFosDFAmudmVsBmVlGmTTcmE8HUp+R96lzXHcPuq0qzmcRThDM6hCg7UoQm30IIuMEB4gCd4tu6sR+vFel23Fqx85hR+yHr7BH0TjVE=</latexit><latexit sha1_base64="9FlXdODLIhBws2ypPsbhOd95kiA=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YgZBVmRIjZBdy4TCAvSIbQ06lJ2vQ86O4RwpAvcONCEbd+kjv/xs5kBBW90HC4VUVXXS8WXGnb/rAKG5tb2zvF3dLe/sHhUfn4pKeiRDLsskhEcuBRhYKH2NVcCxzEEmngCex785tVvX+PUvEo7OhFjG5ApyH3OaPaWO3OuFyxa41MZA31qxwaDnFqdqYK5GqNy++jScSSAEPNBFVq6NixdlMqNWcCl6VRojCmbE6nODQY0gCVm2aLLsmFcSbEj6R5oSaZ+30ipYFSi8AznQHVM/W7tjL/qg0T7V+7KQ/jRGPI1h/5iSA6IquryYRLZFosDFAmudmVsBmVlGmTTcmE8HUp+R96lzXHcPuq0qzmcRThDM6hCg7UoQm30IIuMEB4gCd4tu6sR+vFel23Fqx85hR+yHr7BH0TjVE=</latexit><latexit sha1_base64="9FlXdODLIhBws2ypPsbhOd95kiA=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YgZBVmRIjZBdy4TCAvSIbQ06lJ2vQ86O4RwpAvcONCEbd+kjv/xs5kBBW90HC4VUVXXS8WXGnb/rAKG5tb2zvF3dLe/sHhUfn4pKeiRDLsskhEcuBRhYKH2NVcCxzEEmngCex785tVvX+PUvEo7OhFjG5ApyH3OaPaWO3OuFyxa41MZA31qxwaDnFqdqYK5GqNy++jScSSAEPNBFVq6NixdlMqNWcCl6VRojCmbE6nODQY0gCVm2aLLsmFcSbEj6R5oSaZ+30ipYFSi8AznQHVM/W7tjL/qg0T7V+7KQ/jRGPI1h/5iSA6IquryYRLZFosDFAmudmVsBmVlGmTTcmE8HUp+R96lzXHcPuq0qzmcRThDM6hCg7UoQm30IIuMEB4gCd4tu6sR+vFel23Fqx85hR+yHr7BH0TjVE=</latexit> Observation Period (sec)

�̂2
S,tar

<latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit><latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit><latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit><latexit sha1_base64="l/c2hqrReZl8MZDn7yHpDsdiJqA=">AAACCHicdZBNS8NAEIY3ftb6VfXowcUieJCSiFB7K3jxqGhVaGKZbLft4m4SdidCCTl68a948aCIV3+CN/+N2zaCir6w8PDODDvzhokUBl33w5manpmdmy8tlBeXlldWK2vrFyZONeMtFstYX4VguBQRb6FAya8SzUGFkl+GN0ej+uUt10bE0TkOEx4o6EeiJxigtTqVLX8AmPlG9BXk1/ud7GzPV4ADrTIEneedStWtNcaiE6gfFNDwqFdzx6qSQiedyrvfjVmqeIRMgjFtz00wyECjYJLnZT81PAF2A33ethiB4ibIxofkdMc6XdqLtX0R0rH7fSIDZcxQhbZztKT5XRuZf9XaKfYOg0xESYo8YpOPeqmkGNNRKrQrNGcohxaAaWF3pWwAGhja7Mo2hK9L6f9wsV/zLJ8eVJu7RRwlskm2yS7xSJ00yTE5IS3CyB15IE/k2bl3Hp0X53XSOuUUMxvkh5y3T4UqmuI=</latexit>

Variance, Target Ensemble

�̂2
S,null

<latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit><latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit><latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit><latexit sha1_base64="Jb9zst+urrETWtvcF3LHK+1V6Sc=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2ARupAyUwq1u4IblxXtBTpjyaRpG5pkhiQjlGG2bnwVNy4UcesbuPNtTKcjqOgPgY//nEPO+YOIUaUd58MqrKyurW8UN0tb2zu7e/b+QVeFscSkg0MWyn6AFGFUkI6mmpF+JAniASO9YHa+qPduiVQ0FNd6HhGfo4mgY4qRNtbQht4U6cRTdMJRelMbJlenHkd6KnkiYsbSdGiXnWozE1xCo55D04Vu1clUBrnaQ/vdG4U45kRozJBSA9eJtJ8gqSlmJC15sSIRwjM0IQODAnGi/CS7JIUnxhnBcSjNExpm7veJBHGl5jwwnYst1e/awvyrNoj1+MxPqIhiTQRefjSOGdQhXMQCR1QSrNncAMKSml0hniKJsDbhlUwIX5fC/6Fbq7qGL+vlViWPowiOwDGoABc0QAtcgDboAAzuwAN4As/WvfVovVivy9aClc8cgh+y3j4BZs6bYA==</latexit>

Variance, Null Ensemble

3×107 sec 106 sec

A=1m2
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Lunar Occultation eXplorer (LOX)
Sensitivity

Observation Interval:106 second (LOX = elapsed time) 
ΔE/E=1 
Threshold Significance: 3σ

Crab: Jourdain & Roques (2009)

Multi-Source Simultaneous All-Sky Monitoring at Full Sensitivity

13 February 2019

LOX3×107 sec

106 sec e-Astrogam
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Lunar Occultation Technique (LOT)
Leverage 20+ Years of Experience in Planetary Orbital Geochemistry

GRS & Airless Planetary Bodies
• Extensive Operational Record 
• Time Resolved Spectra 
• Data Processing/In-situ Calibration 
• Established Operations Profile 

The Case for the Moon
• Lack of Atmosphere 
• Lack of Magnetosphere 
• Benign Background Environment 
• Varies w/ CR Flux 
• Well-Established Lunar Albedo 
• Easily Monitored
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Lawrence et al. (1998)  
Feldman et al. (1999)  

Lawrence et al. (2002) 
Feldman et al. (2004) 

RSM et al. (2012) 
Peplowski et al. (2012) 

RSM et al. (2014) 
RSM & Lawrence (2016)

13 February 2019

Apollo

Lunar Prospector

Mars Odyssey

MESSENGER

Dawn

Psyche

Poisson Limit 
~0.5-1% Fractional Uncertainty

Lunar Albedo
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Lunar Occultation eXplorer (LOX)
Implementation - High-Heritage, Low-Risk

Every LOX Needs a BAGEL…

Big Array for Gamma-Ray Energy Logging
•  0.1-10 MeV 
•  BGO, 7.13 g/cm3, non-Hygroscopic 
•  σE/E~10% (FWHM @ 0.662 MeV) 
•  Phoswich Configuration 
•  Fault-Tolerant Implementation 

Heritage

13 February 2019

Lunar Prospector

MESSENGER

Van Allen Probes

Parker Solar Probe

Highly Scalable 
Limited only by SWAP
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Lunar Occultation Technique (LOT)
Validation

In-Situ Validation & Test
•  Lunar Prospector GRS 
•  Broadband Spectrum Acquisition (0.05-9 MeV) 
•  32 sec Acquisition Cadence (567 days) 
•  1.29×108 Spectra

RSM & Lawrence (2016) 
RSM & Peplowski (2019)
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13 February 2019

Catalog in Preparation
+

Mars Odyssey GRS
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Thermonuclear (Type-Ia) Supernovae
Beacons of the Cosmos

Precision 
Cosmology

•  Science Goal: Probe Thermonuclear Physics of SNeIa 
• Fundamental Parameters (Mtot, MNi, KEtot) and Their Proxies  
•  Progenitor Classification 
•  Volumetric Distribution of 56Ni 
•  Nuclear Flame/Structure 

•  Science Goal: Diversity 
•  Population Statistics 
•  Census of SNeIa Sub-Classes 
•  Census of SNeIa Environments 

•  Science Goal: The Standard Candle & Precision Cosmology 
• Deconvolution of core (nuclear), atmospheric (atomic), and external (reddening) 

Sensitivity Horizon: 100 Mpc+
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A New Observational Paradigm for Nuclear Astrophysics

High-Heritage, Low-Risk
•  Mitigate Technology Development 
•  Leverage Established Operational Approach 

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

Establish Moon as Platform for Astro
•  Well-Characterized Albedo 
•  Benign/Easily Monitored Background Environment 

⬇ 
Transformational Observational Capabilities

•  Discovery Enabling Sensitivity 
•  ~Uniform Sky Coverage/All-Sky Monitoring 
•  Multiple Programmatic Opportunities 

• SMEX 
• MIDEX 
• AstroProbes 
• Other 

• High-Priority Astrophysics

13 February 2019




