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Inspection object (PuAl, DU)
imaged with a fast neutron

coded aperture imager.

Simulation geometry using the Neutron

Coded Aperture Imager (ORNL/SNL).
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Pros:
« Fast & simple.
» Easy to explain.

Cons:

« Resolution limited by
single-event
properties.

« Difficult to account for
misreconstructed
events.

Source Distribution (mlem)
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Below: The same simulated object and
reconstruction method (MLEM), but with
two orthogonal viewing positions. The
object is well localized in three
dimensions. Projections on three
orthogonal slices are shown.
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reconstruction techniques, each of which has advantages and disadvantages.

The relevant inputs from the NSC to the image reconstruction algorithms can be
boiled down to three independent values: front detector ID, rear detector ID, and the
angle 0, calculated from TOF and energy measurements.
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Excess n/sec

Pros: 150
« Removes “baseline” 100
background. 50

 Relatively fast.

Cons:

» Ad hoc algorithm.

 Still resolution
limited.

Sandia National Laboratories is a multi-program
laboratory managed and operated by Sandia
Corporation, a wholly owned subsidiary of
Lockheed Martin Corporation, for the U.S.
Department of Energy’s National Nuclear Security
Administration under contract DE-AC04-
94AL85000. SAND #XXXX

Examples in this poster primarily pertain to the NSC, which is a 32-element liquid-
scintillator-based imaging fast neutron spectrometer, pictured at left. As shown in the
figure to the right, neutrons that scatter in both the front and rear planes of the NSC
supply enough kinematic information that their energies and directions (up to a
conical ambiguity) can be determined.

E_= "% m (d/TOF)?

Multimode capability includes
* Neutron energy spectrum.
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-150

By definition, encodes probability

of statistical fluctuations.

Systematic uncertainties can be
accounted for as nuisance

parameters.
Integrate over them: Bayesian.

Fit for most likely (given
constraints): Frequentist.

The 1-D coded aperture neutron imaging
system used for this demonstration
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« Compton imaging.
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Misreconstructed events can be accounted for in the response matrix . Drawbacks include large
computing power and time requirements, as well as the need for regularization terms to control the effect of
statistical fluctuations on the image.

Pros:

* By construction, most accurate
estimate of source distribution.

« System response matrix can
account for arbitrarily complex

effects.

cons:
e Slow.

<./ neutron direction
constrained to cone
surface

« Requires an accurate response
matrix — more CPU time.
* Need stopping condition.

L(data | b)

= Assumptions:

The background is known.

Can be relaxed later by
introducing background
Systematics.

The relevant signal is a single point
source within the field of view.

Restricting the hypothesis
space to a single point source
‘sharpens” the hypothesis test
and reduces false alarms.

Should be valid in the vast
majority of cases; algorithm
performance may still be
acceptable in outlier scenarios.
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National Nuclear Security Administration

Efficiency for Detection

ypotheses.

Signal strength is unknown, so
maximize LLR over signal
fraction f:

LLR = max{(In L(data|n,=fN) —
In L(data|n =0)).

The largest LLR obtained from any
potential source position is the
test statistic.

Effectively profile likelihood over
source position, strength.
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ROC curve showing enhanced sensitivity
using hypothesis test vs a threshold on the
max bin content in an MLEM image.
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