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- At sea level

shielding and other cargo material may attenuate the signal.

Fast neutron imaging detector systems are well suited for the weak source SNM Clearly a large detector is needed for detection in
. . . il 1]
detection problem, due to the low natural neutron backgrounds, the relative paucity of iegsonebonos]
SNM datecti licatl benign neutron sources, and the ability to enhance signal significance using directional For a large counting detector with 1 m? area:
e‘i" ‘°"_3FPI'°3‘ Heis information « If 100% efficient + perfect bg estimate
- oy A LGS . > 50 detection in ~13 min
> Need large area detectors! A . « If 10% efficient + perfect bg estimate
. Low signal to background We compare two fission-energy neutron imagers, the neutron scatter camera (NSC) and > 5o detection in ~2 hr
> Need background the portable rotational imager with self-modulation (PRISM) in terms of their suitability -If 100“? e;ficiem+ 3% b rate uncertainty
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discrimination! for weak source detection applications. 7 o defectionin never Bac@rouni&
~5e-3 n/s/cm’

=ik a sensitive test statistic to . %
i dictates thi distinguish between them. I;I;thy%g'&‘t)sg:h"ee" b-only and

active medium and shielding > 2”. . n, encodes probability - Signal strength is unknown, so
Robustness/fieldability of statistical fluctuations. maximize LLR over signal fraction f:
Systematic uncertainties can be LLR = max,ﬁln L((data|n =fN) —

Neutrons are most specific: 56 l _\ Te o itivi . .

- Lower natural backgrounds Sout D- : err_lper? ur_e sensitivity accounted for as nuisance n L(data|ng=0)).

. ‘ +  Calibration issues parameters. . The largest LLR obtained from any
66\

Sensitive and specific signature
Only neutral particles penetrate shielding.

Fewer benign neutron emitters Integrate over them: Bayesian. potential source position is the test

= Fast neutrons likely have not scattered— KEY METRICS - Fitfor most likely (given sta(éfftlc N
retain directional history. m Effective area: area over which the detector would constraints): Frequentist. ’ soﬁcc‘évggsﬁ.'gn' estlre?_lé‘oo over
= Shielding turns fast neutrons into thermal bQ\ be 100% efficient.
neutrons—but also absorbs thermal Background ® System angular resolution: resolution of the
neutrons. reconstructed image in the far field. L(data | S+ b)
= Directional information helps: ® Event angular resolution: resolution on the LLR = |n _— E !
Distinguish signal from background—isolate Ciec coblabnolcreny L(data | b) Iuy
a point source. .i..

Above: Log likelihood ratio to directly test
consistency with a given signal hypothesis.
Right: ROC curve showing enhanced L
sensitivity using hypothesis test vs a threshold

on the max bin content in an MLEM image.

Determine location of one or more point
sources.
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Laboratory tests: "
= 14.6 uCi Cf-252 @ 5 m. I
= Single instrumented channel. a4
[ 5 Minutes
= Large datasets with/without b 1 Minute
source — build ROC curves. o I 30 Seconds
Neutron Scatter Camera = Hypothesis test; shape o
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Fast neutron directions and energies Incoming EETD Gl
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N “neutron direction
constrained to
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Multimode capability includes cone surface

+ Neutron energy spectrum. Cortnoed it Corporaton. forne 05, v .
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