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modulation of a particle flux induced by a moving mask on one or a few time-sensitive detectors. TEI-based detectors use single-scatter events and have a low channel count, reducing complexity
and cost while maintaining high efficiency with respect to other radiation imaging techniques such as double-scatter or coded aperture imaging. The scalability of TEI systems makes them a very
promising detector class for weak source detection. Conceptually, the spatial-temporal analogy with coded aperture imaging extends to the high-resolution, two-dimensional imaging regime. We
have considered various detector designs for high-resolution imaging, with the goal of simple and low-cost detector systems for arms control treaty verification applications, among others.
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Above: In the spinning coded aperture concept, a 2d coded aperture mask spins on 3 cm central detector; 36000 s multi i Left: source distribution as simulated (ring, point,
is axis, producing a diferent time modutaiio in the detector as afunction of source [l [ ]I I B B rectangle). Right: raw “observed” (simulated) time modulation pattern on the single detector. Middle: MLEM
position. Right: point source imaging over a coarsely pixilated source space, of the source i

over the full space for arandom mask
spinning coded aperture. Below: Point source reconstruction for spinning coded

aperture in three configurations. Left: 19x19 URA mask pattern, detector on axis.

Middle: 19x19 URA mask pattern, detector off axis. Right: Random mask pattern. For . . - . - ‘ . - . .
y

time enc ded imaging, the 'y of URA patterns results in undesirable Head_to_head comparison
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« Single 3 cm x 3 cm detector; ring
source w/ 4.4e5 n/s (IAEAs.q.) @ 3
m.
« Top: results using spinning coded
aperture
« Bottom: results using LH-2d
«Conclusion: techniques have
similar performance; practical
issues/limitations are most
important in selecting a concept
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Above: LIGHTHOUSE, a prototype TEI
detector, is composed of a rotating
mask surrounding a 5" LS cell.

Right: Detected neutron rate vs
rotation angle for a weak Cf-252
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source at 5 m for 1 hr; reconstructed pixel Fast mOde“ng Capablllty allows to
source distribution. i
For sachsource pix!and sach maskrotaton posiion,buld explore design space , ,
probabilites of detection by integrating attenuation of mask over (ST R ST e GETEE O T b s v-e e
il possible particle trajectories. Accounts for imperfect opacity and results in degeneracy when the source distribution
it finite pixel/detector size, but not scattering. (below left) is symmetric about the axis from detector to ‘ “ H
i mask center (example reconstruction bottom middle).
By adding detectors (fight) we break the degeneracy T
i | and obtain better images (bottom right). ' N |
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Above: ROC curves for source
detection in the lab at 5 m
standoff. Roughly a factor of 10
is attributable to larger effective
area of the PRISM cell.

Above: Another TEI prototype,
dubbed PRISM, comprises three
large cells rotating together, each

cell modulating the signal arriving at Sandia National Laboratories is a multi-program laboratory managed and ' D Q’Qi
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252 source at 5 m: reconstructed  © FUlly active system — compact, scalable, high effective area Nuclear y A

the others. y . operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
Right: Detected neutron rate in one  ‘PRISM DeS|g n Martin Corporation, for the U.S. Department of Energy’s National Nuclear //’
source distribution.

cell vs rotation angle for a weak Cf- Security Administration under contract DE-AC04-94AL85000.P
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