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AFIT-ENP-DS-22-M-08
Abstract

Wide-area and omnidirectional gamma survey and source direction determination is often
constrained by detector size, weight, complexity, and system cooling requirements, or limited by
resolution or Field-of-View constraints. The primary goal of this work was to demonstrate the
first instantiation of the FitzGerald design [1] Rotating Scatter Mask (RSM) as a proof-of-concept
for two-dimensional source direction determination using a single, inexpensive, non-cooled
scintillator, as well as an alternate mask design for comparison. A large FitzGerald RSM was
additively manufactured from a low-Z, acrylic like material and rotated around the ubiquitous
standard 3”x3” Nal(TIl) or Nal(Tl)/CsI(Tl) phoswich detector internal to the mask. Smaller
versions of the FitzGerald and alternate RSM designs were also 3D printed for testing and used in
conjunction with a LaBr3 detector to characterize the RSM system’s performance with a size and
weight reduction applied. The rotation angle of the system was recorded and associated to each
recorded gamma event, to encode and subsequently bin the recorded energy spectra by the known
RSM rotational position. The resultant experimental scattergrams were then compared to a library

of computational generated modulation curves to predict the point-source direction.

A simplified, analytic, attenuation by Compton scatter of the Full-Energy Peak (FEP)
model, based on a Beer-Lambert’s law relationship was built, developed, and applied to the design
geometry of the RSMs using a Cs-137 662 keV gamma. This modeling method was developed
employing the known gamma attenuation and scattering physics for High-density Polyethylene
(HDPE), which was the planned mask material, to enable determination and verification of the
major influences of RSM design and to interpret experimental measurements. This modeling

technique was later parameterized and used in conjunction with initial experimental results to



create detector response matrix (DRM) libraries for both the FEP and Compton continuum portions
of the acquired spectra. The code runs significantly faster than other MCNP® or GEANT codes
developed for this RSM due to its simplifying assumptions, while producing results comparable
to later Monte Carlo code methods [2] [3]. Resolution and accuracy results, using both the Modal
Assurance Criterion and a Least-Squares comparison approach, to the numerically modeled
libraries of the FitzGerald design RSM system were made. Source directions were successfully
predicted over the nearly 3= steradian acceptance angle of the system, with an average resolution

determined to be ~4° when using the FEP attenuation by scatter-out based library for comparison.

RSM design considerations, two original SolidWorks drawings, and the construction are
catalogued in this work, as are the laboratory equipment used, RSM configuration(s), and source
placement(s). In addition to the single-source investigations, sources of different energies at the
same location of placement are shown to be distinguishable by energy binning of their FEPs in the
spectra when constructing the experimental scattergrams. Same energy sources but placed at two
distinct locations, are shown to be distinguishable through a modulation curve
convolution/deconvolution schema utilizing a gridded pattern search algorithm. This work also
shows that approximate point-source direction determination can be made when only using the
Compton portion of the spectra for comparison. As well, two small RSMs having different designs
are compared over a range of source placements to characterize performance dependence of design
changes. Recommendations for construction of a hybrid RSM/Rotational Modulation Collimator
(RMC) system to further enhance the forward looking ~15° FOV of the system and operational
considerations for expanding the utility of the system in real-world conditions are suggested. A

full summary of the scattergrams and source direction predictions are presented in the Appendices.
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