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SEDS Executive Summary 
SEDS [“Standoff Explosive Detection System”] will detect threat-sized amounts [> 6 ki-
los] of nitrogen-based explosives, cased or uncased, from distances to 20 meters, in 
less than 2 seconds, through up to 60 cm of wet or dry dirt, 8 inches of lead, or 12 
inches of steel, with ≥ 95% Pd and ≤ 5% Pfa. 
SEDS is countermeasure-resistant, uses no hazardous materials, requires little training 
and maintenance, provides total safety for operators and staff, and carries only minis-
cule risk of minor exposure to civilians and enemy combatants. 
SEDS uses Thermal Neutron Activation Analysis, in which an intense beam of thermal 
neutrons scans an area of interest, exciting a characteristic gamma ray signature from 
nitrogen in explosives in the scan area.  This sensor is to be complemented with others, 
such as smart video which, when fused with a Bayesian decision engine, produces the 
best target identification with the smallest false alarm rate. 
SEDS differs dramatically from older TNAA-based approaches by the use of rapidly 
emerging, dramatic advances in neutron sources and gamma ray detectors.  SEDS is 
simple and safe to use, inexpensive and easy to maintain, rugged, and available at rea-
sonable cost.  Weight, physical footprint, and power requirements are also reasonable. 

Figure 1.  SEDS schematic diagram in possible CONOPS. [Actual implementation may differ.] 
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Foreword 

SEDS grew out of a desire to save American lives both on and off the battlefield during 
the new era of asymmetric, irregular warfare.  The project’s inception was the summer 
of 2005.  Since that time, exclusively private funding has been used to get to the pre-
sent point in the research.  Those of us on the SEDS team respectfully submit the fol-
lowing proposal in the spirit of saving lives and preserving US national security. 
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SEDS Technical and Operational Approach 
SEDS OVERVIEW 
Our firm is proposing a novel, unique sensor modality that will form the core of a stand-
off explosives detection system with range and accuracy that significantly exceed exist-
ing capabilities.  As such, we are fully aware that the implementation of SEDS will con-
stitute a genuine military-industrial production effort that extends beyond the develop-
ment of the actual new science and unique sensor modality. 
For that reason, our firm has taken great care to form strategic partnerships with indus-
try participants, who are uniquely qualified in their own specialties, to act as program 
participants in an effort to bring SEDS to delivery status in a way that fully addresses all 
issues of industrial execution and scaling. 
SUMMARY OF SEDS 

Figure 1 [also shown earlier].  SEDS schematic diagram in possible CONOPS. [Actual implementation 
may differ.] 

SEDS consists of: 
• An electronic [i.e., not radioisotopically-based] agile high-flux thermal neutron 

source that scans in pan-and-tilt [i.e., x-and-y] axes; 
• A pixilated gamma ray telescope; 
• Additional sensor channels; 
• Detection electronics and software; 
• Telemetry interface; 
• Diagnostic and maintenance software and interface; and 
• Power supply interface 
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During operation, the electronic thermal neutron source scans in the pan-and-tilt axes.  
The nitrogen contained in the explosive emits a characteristic 10.83 MeV prompt 
gamma ray when illuminated by the thermal neutrons.  Those gamma rays are detected 
by a pixilated gamma ray telescope.  The gamma ray signals are analyzed in real time.  
This data is fused with intelligent video to produce optimum detection.  Intelligent video 
is also used to control neutron beam flux, which is critical to accurate detection, and to 
momentarily turn off the neutron flux if a human form is detected in the area about to be 
scanned. 

DISCUSSION:  Explosives found in militarily important IEDs, including buried charges, 
vehicle borne charges, and charges associated with EFPs may be assumed to be nitro-
gen-based, including both military explosives [C4, PETN, TNT, RDX, HMX, etc.] and 
home made explosives [HMEs] [ANFO, urea nitrate, etc.].  The atomic concentration of 
nitrogen in all these explosives far exceeds the atomic concentration of nitrogen found in 
most common substances, and in essentially all common substances found in large 
quantities.  Therefore, a device capable of detecting large concentrations of nitrogen 
quickly, reliably, and from a standoff distance will have high utility in detecting militarily 
significant explosive charges. 

It has been known for decades that virtually all nuclides [“nuclear species”] interact with 
slow, “thermal” neutrons [E ~ 0.026 eV; v  = VRMS ≈ 2,200 m/sec], in a process known as 
Thermal Neutron Activation.  Most such interactions emit one or more gamma rays as a 
result.  Extensive tables of these interactions are maintained by the world’s nuclear 
agencies, and they are freely available on the Web.  We use the following tables: 

• For neutron interactions with materials: .......................http://www-nds.iaea.org/exfor/endf.htm. 

• For gamma-ray interactions with materials: ............. http://www-nds.iaea.org/epdl97/libsall.htm 

[A plotting utility is needed to view this data.  We use the one from Lawrence Livermore Na-
tional Labs that is integrated into LLNL's TART2000 transport code.] 

• For thermal neutron prompt gamma-ray emissions:http://www-nds.iaea.org/pgaa/databases.htm 

Nitrogen-14, the most commonly occurring isotope of nitrogen, exhibits several interac-
tions with thermal neutrons, with a combined cross section of 1.8 barns.  The one of in-
terest is the following, which has a reaction-specific cross section of 11 millibarns: 

 14N + 1n  15N*  15N + γ [10.83 MeV] [0.011 barns] 1) 

 
Figure 2.  Nitrogen-14 neutron-induced gamma ray emission. 
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At 11 millibarns, the strength of the line is moderately low, making its detection and ex-
ploitation challenging, but the unusual energy, 10.83 MeV, makes it sufficiently unique to 
allow surprisingly good detection. 

THE ROLE OF SILICON-29:  A historically recognized complicating factor in the identifi-
cation of the 14N line is a line emitted by the relatively uncommon isotope of silicon, 29Si: 

 29Si + 1n  30Si*  30Si + γ [10.6 MeV] [0.018 barns] 2) 
29Si is approximately 4.9% of native silicon, but due to the near-ubiquitous presence of 
silicon in much of the earth’s crust, as well as in common materials such as concrete, it 
presents an important source of noise.  However, after taking into account the ratio of 
atomic densities of both 14N and 29Si in typical IED emplacement environments and the 
2% difference between the two gamma ray energies, our simulations disclose that mean-
ingful discrimination between the two nuclides is possible, and explosives detection can, 
in fact, be reliably performed. 

THE EFFECT OF ATMOSPHERIC NITROGEN:  The nitrogen in the air undergoes the 
same reactions as that in the explosive, with the result that the cone of air through which 
the neutron beam passes experiences gamma ray “sparkles” as shown in the figure be-
low.  These “sparkles” constitute nuisance signal.  To avoid as much of the “sparkle” 
background as possible, the gamma ray acceptance cone is bistatically separated from 
the thermal neutron illumination cone as much as practicable at least a meter, and poten-
tially 2 meters.  [This innovation is the sum of a patent submitted to the USPTO.] 

The purpose of bistatic separation is twofold:  to isolate the extremely sensitive gamma 
ray detectors from stray radiation caused by the neutron source as much as possible [the 
detectors are vastly more sensitive than the human operator!] and also to provide angular 
separation between the source and detector coverage angles.  In a radar environment, 
this configuration is known as “bistatic”, and that term is used in this context as well. 

 
Figure 3.  Air  column “sparkle” from atmospheric nitrogen. 

It is worthy to note that earlier efforts to use TNAA to identify explosive charges were un-
successful, primarily due to the lack of the extremely powerful portable neutron sources 
needed to illuminate the area of interest sufficiently to allow meaningful gamma ray acti-
vation flux.  Very recent developments in neutron source technology – largely over the 
calendar years 2006 through today – have proven to be game-changing in this respect, 
and will be discussed in detail later in this document. 

OVERALL METRICS OF SEDS 
To determine the overall metrics of SEDS, we established a performance design goal 
and modeled the resulting requirements problem using the well known industry standard 
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nuclear event simulation software, MCNP5, A General Monte Carlo N-Particle Transport 
Code, Version 5, authored and maintained by Los Alamos National Laboratory’s X-5 
Monte Carlo Team.  MCNP5 is the static [i.e., non-hydrodynamic] code used by essen-
tially all US-based designers of nuclear reactors, nuclear weapons, and nuclear science 
experiments for predicting the behavior of systems involving neutrons of all energies.  
While not classified, MCNP5’s distribution to non-US nationals is restricted. 
We sized our system by establishing aggressive detection performance design goals 
and working backward to a design specification.  Those design goals as follows: 

• A single 152-mm Warsaw-pact-design mortar shell [approximately 7 kilos of 
Composition B inside a 152-mm diameter steel container with 12 mm thick walls]; 

• Buried under 30 cm of standard-model feldspar soil; 
• 20 meters slant-range from the source / detector; 
• In 2 seconds or less; 
• With 95% confidence. 

 
Figure 4.  Overall metrics of SEDS. 

Based on Monte Carlo simulations of this set of requirements, we determined that the 
required neutron beam flux [NOT the total source flux; just the beam] was 1010 neutrons 
per second in a beam measuring: 
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• For initial-look or route sweeping mode, 0.1 radians wide x 0.2 radians high [ap-
proximately 6º wide by 12º high]; and 

• For verification mode, 0.05 radians wide x 0.1 radians high [approximately 3º 
wide by 6º high]. 

We determined that the gamma ray telescope will need to be 1 meter square, to receive 
a large enough signal, and 1 to 2 meters deep to achieve both the required angular 
resolution – smaller than 0.02 radians [approximately 1º], in order to detect the differ-
ence in brightness between the explosive and the background – and the required 
gamma ray detector efficiencies.  [NOTE: angular resolution relies more on the resolu-
tion of the telescope than on the neutron source.]. 
The number of pixels required will be determined by experiment, but is at least 20 x 20.  
In the discussions below, we assume a 32 x 32 [1,024] pixel array for purposes of ar-
gument, with the understanding that the number may change. 
Until recently, a thermal neutron beam with a flux of 1010 neutrons per second in a beam 
measuring 0.1 x 0.05 radians was impossible without design constraints that would ren-
der it useless in a military setting.  However, technology to allow just such a beam has 
been under development at Lawrence Berkeley Laboratories for several years.  Ap-
proximately 2 years ago, that technology was licensed exclusively to Adelphi Technolo-
gies, Inc. of Redwood City, CA, who are our strategic partners. 
After computing the neutron flux and detector metrics above, we then computed the 29Si 
nuisance signal that would result from such a system to determine its effect on detection 
metrics.  The result of these computations was that, in general, nitrogen-containing ex-
plosives buried at nominally 30 cm in feldspar sand would have a gamma ray brightness 
5 to 6 times greater than the surrounding sand, even if the detector’s energy resolution 
was insufficient to see the difference between the nitrogen and silicon signals. 
Based on the availability of the powerful neutron sources needed, the metrics of the re-
turn gamma rays and the ability to distinguish explosives from silicon, and novel ap-
proaches to gamma ray detection technology, the corporate decision was made to pur-
sue the technology. 

NOTE:  We designed the system to discover a SINGLE mortar shell-sized explosive 
charge buried 30 cm deep at a range of TWENTY meters.  As our modeling computa-
tions demonstrate, that is achievable.  But importantly, detection improves dramatically 
even with small reductions in range.  For example, signals of interest increase by 28.5% 
by moving from 20 to 19 meters, if all other factors are held equal!  [This phenomenon 
requires accurate sensing of source-to-target distance and agile modulation of the neu-
tron beam to illuminate the target with the optimum neutron flux, as explained later in this 
section.  This technology is the subject of a patent application.]  The figure below 
demonstrates this rapid variation of return gamma ray flux with target distance. 

All detection metrics, in fact, improve dramatically as the distance drops by even a small 
amount below 20 meters!  These metrics include… 

• Pd/Pfa ratio [detection probability vs probability of false alarm]; 
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• Maximum burial 
depth for detection; and 
• Maximum 
speed of detection. 

In fact, the range rate, 

dr
rd )(ψ , is one parameter 

used in target 
identification algorithms. 

Gamma ray flux is re-
lated to thermal neutron 
flux by the “radar-
equation-plus”.  The 
radar equation – the 1/r4 
relation of radar return 
to target distance – 
applies to SEDS, but with the addition of thermal neutron absorption in the atmosphere.  
The mean free path of thermal neutrons in air is 22 meters and that of 10.83 MeV gamma 
rays in air is 80 meters.  The actual relationship is thus: 
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Detection also increases with amount of explosive.  For this reason, our models indicate 
the potential ability to detect large amounts of explosives buried up to 60 cm at ranges 
only incrementally smaller than 20 meters.  As the distance shortens to the range of 10 
meters, detection likelihood for large explosive charges at 60 cm burial increases greatly. 

Specifics of Detection Metrics 

Moderator: Assume a 2.45 MeV neutron source, moderated by 30 cm of deuterium oxide 
or deuterated high density polyethylene.  MCNP models indicate 90% of the neutrons will 
be thermalized. 

Solid angle of target:  A 152 mm artillery shell contains an explosive cylinder 12.5 cm in 
diameter by 50 cm long.  Since the shell will not be perpendicular to the view, we assume 
a profile of 12.5x30 cm.  At 20 meters the fraction of total solid angle for this object is 
(12.5x30)/(4π x 20002) = 7.3 x 10-6. 

Neutron attenuation through materials: The mean free path of a thermal neutron is about 22 
m in air and 26 cm in typical compacted feldspar sand or soil.  Thus, the neutron beam at-
tenuation through 20 m of air and 30 cm of soil will be about e(-20/22) x e(-30/26) = 0.13. 

Neutron capture in explosive:  Interestingly, the exact composition of the explosive does 
not matter as much as one might think upon first inspection.  This is because the total 
capture cross section of nitrogen – 1.8 barns – dominates that of all other atomic con-
stituents of militarily important explosives, trailed next by hydrogen with only 0.335 barns 
and carbon and oxygen, which are so small as to be ignorable.  Thus, even an explosive 
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Figure 5.  Relative gamma ray flux normalized to 20 m [log scale]. 
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with only a moderate atomic percentage of nitrogen captures 70% of thermal neutrons, 
and those with more capture 85%. 

7 Kg of “Average Explosive” thus contains 0.02 x 7,000 x 6.022 x 1023 nitrogen atoms ≈ 
8.4 x 1025, virtually 100% of which are the isotope 14N. 

10.83 MeV gamma emission:  The total thermal neutron capture cross-section in 14N is 
1.8 barns.  The 10.83 MeV gamma cross section is 0.011 barns, 0.006 of the total. 

Gamma ray attenuation:  The mean free path for a 10.83 MeV gamma ray is 24 cm for 
typical compacted sand or soil and 80 meters in air.  So the total attenuation is e(-30/24) x 
e(-20/80)  = 0.22 

Solid angle of detector:  A one-square-meter detector at a distance 20 meters from the 
gamma ray source (explosive) will occupy 1/(4π x 202) = 0.00020 of the total solid angle. 

Detector efficiency: A multi-layer pair-production gamma ray telescope can have up to 
50% detection efficiency for gamma rays in this energy range. 

Multiplying these eight factors together, the fraction of neutrons producing target-
detection events is (moderator efficiency)x(target solid angle)x(neutron attenua-
tion)x(neutron capture)x(gamma emission fraction)x(gamma attenuation)x(detector solid 
angle)x(detector efficiency) = 9x10-14. 

Required signal:  Since a single detection event cannot establish an event rate, at least 
two gamma detection events are needed to estimate the flux rate.  For a one-second de-
tection, SEDS must capture at least two events per second from a threat.  Thus, the neu-
tron flux rate must be 2.0 per second / 9x10-14 = 2x1013 neutrons per second.  This rate is 
achievable, albeit at the edge of current technology. 

 
Figure 6.  Detailed metrics of SEDS. 
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The very high neutron flux requirement demonstrated by the above computations dem-
onstrates why earlier attempts to use TNAA had difficulties.  It is simply not trivial to pro-
duce these flux levels in a portable device!. 

SCANNING ELECTRONIC HIGH-FLUX THERMAL NEUTRON SOURCE 
Source: 
The neutron source we plan to use is supplied by 
Adelphi Technologies, Inc., of Redwood City, CA 
[http://www.AdelphiTech.com], a 20-year-old firm 
specializing in neutron, gamma ray, and X-ray tech-
nologies.  The Adelphi device is based on intellectual 
property developed by Lawrence Berkeley Laborato-
ries and exclusively licensed to Adelphi.  Adelphi is 
strategically partnered with SEDS, LLC for the current 
project.  Adelphi has a long, successful history of per-
formance on contracts with DARPA, NSF, and more 
recently DNDO. 

 
Figure 8.  Adelphi Technologies electronic neutron source - schematic. 

Adelphi’s neutron source consists of a plasma chamber excited by a microwave signal.  
Deuterium gas is bled into the chamber via a metering valve.  After ionization in the 
plasma chamber, the resulting deuterium plasma is bled into an accelerator tube area.  
The deuterium ions are accelerated through a variable voltage drop of between 40 KV 
and 160 KV in an electronically focused beam.  They impinge on a titanium target [elec-
tronically a cathode].  The natural chemical affinity of titanium for hydrogen causes a thin 
film of deuterium ions to adhere to the target surface.  After an extremely short build-up 

Figure 7.  Adelphi Technologies electronic 
neutron source – pictorial view. 
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time, the density of the deuterium ions on the target is sufficient to allow significant D-D 
reactions to occur. 

The Adelphi device uses the deuteron-deuteron [“D-D”] nuclear fusion reaction to gener-
ate fast 2.45 MeV neutrons: 

 )45.2()82.0( 03
2

2
1

2
1 MeVnMeVHeDD +→+  (50%) 5a) 

 )02.3()01.1(3
1

2
1

2
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Figure 8.  Schematic diagram of the Adelphi DD-series electronic neutron sources. 

The D-D reaction threshold is approximately 40 KV, corresponding to approximately 44 
megakelvins, making it largely a 
classical, as opposed to tunneling, 
event.  The cross section for the D-
D reaction peaks at nearly 1 million 
volts, although the point of engi-
neering diminishing returns limit the 
practical voltage to approximately 
160 KV.  Primary engineering 
considerations in adopting this limit 
include bremsstrahlung–induced 
heating of the target material, with 
subsequent requirements for heat 
removal, as well as voltage insula-
tion. 

The current Adelphi source, with 
product name “Adelphi DD110”, 
produces 1010 neutrons per second.  
The requirement for SEDS is 
between 1012 and 1013 neutrons per 
second.  Up-engineering the ‘110 to 
those flux capacities will be a 
portion of the effort going forward.  
The up-engineering will consist 
primarily of enlarging the target and 
improving the cooling system’s heat 
removal capacity. 

Power Budget: 
Power is consumed in 3 primary ways by the Adelphi devices: 

1. Plasma generation; 
2. Ion acceleration voltage; and 
3. Target cooling. 

Power for the neutron generator is a vital concern, and power budget is under active 
study.  The current Adelphi neutron generator family was not designed with mobile op-
eration in mind, and thus power budget was not optimized for the environment contem-
plated by SEDS.  For that reason, our team has determined that numerous opportuni-
ties exist to reduce the Adelphi device power budget and make the power interface 

Figure 9.  Relationship of D-D reaction cross sec-
tion to deuteron energy. The Physics of Inertial 
Fusion: Beam Plasma Interaction, Hydrodynamics, 
Hot Dense Matter, Stefano Atzeni and Jurgen 
Meyer-ter-Vehn (Oxford Science Publications - 
Aug 12, 2004), chapter 1, page 12. 
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compatible with mobile operations, now that a requirement for these design constraints 
exists.  One of the tasks going forward will be precisely to make the Adelphi device 
compatible with mobile operations. 
As a baseline, the table below shows the integrated power budgets for three different 
neutron generator configurations (DD-112, DD-108, and DT-112) using the current de-
sign, which is to say no modifications whatsoever for mobile operations.   Each genera-
tor is separated into its major subcomponents.  The budget for the DD-112 device con-
templated for SEDS is an approximation from current engineering knowledge.  The 
budget for the DD-108 device represents actual engineering data, since the device has 
been in operation for more than 1 year.  For comparison, an approximate budget for a 
DT-112 device is also shown, to illustrate the much higher efficiency obtained by the 
use of the DT reaction. 
It should be noted that, while the DD-112 budget is 224 KW, many X-ray power supplies 
used in mobile applications are of this size. 

 
Moderator: 
The Adelphi device produces an isotropic flux of fast [2.45 MeV] neutrons.  
These neutrons must be moderated [slowed down] to thermal energies – less 
than 0.1 eV – before they will interact efficiently with the 14N in an explosive to 
form a detectable signal in SEDS.  Moderating is done by causing the neutrons 
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to scatter elastically from light, non-absorbing or low-absorbing nuclides such as 
carbon or deuterium.  The moderator will be either D2O [heavy water] or (CD2)n 
[deuterated plastic] , depending on the relative cost of the plastic vs the heavy 
water storage mechanism. 

EXAMPLE:  The table and graph below show the results of MCNP models for the ther-
malization of 2.45 MeV neutrons in a deuterium oxide (D2O) moderator. 

D2O thickness (cm) 0 10 20 30 40 50 

Fraction of 2.5 MeV neutrons thermalized 0 0.22 0.62 0.87 0.98 >0.98 
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Figure 10.  Fraction of 2.45 MeV neutrons thermalized as a function of D2O moderator thickness. 

Neutron Beam Forming: 

The requirement that the neutron beam be both steerable and also restricted to a nar-
row solid angle of 0.1 by 0.05 radians requires beam forming.  Since neutrons do not 
have an electrical charge, no form of electronic or magnetic steering is possible. 
The neutrons as originally generated are isotropic and remain isotropic after thermaliza-
tion.  However, they would be isotropic after thermalization in any case, since the final 
collisions occur at low energy with atoms already in random motion. 
Given their isotropic flux distribution, the simplest type of beam forming is simply to use 
shielding to absorb the neutrons that are not moving in the required direction, effectively 
wasting them.  Since the beam aperture is 0.1 r x 0.05 r = 0.005 sr, that means that all 
but 0.005/4π = 4 x 10-4 are wasted.  In effect, 99.96% are wasted. 
Efforts to focus neutrons in general, and thermal neutrons in particular, have not been 
successful, despite decades of work.  Our firm’s primary approach is to design the 
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SEDS neutron source to be large enough to take this large loss into account.  That de-
sign factor is taken into account in the calculations described earlier. 
As a parallel effort, however, we have experimented with some novel beam forming 
strategies not yet published – and impossible with earlier neutron sources.  These are 
not discussed in this proposal, but will be made available after applicable patents have 
been filed.  While these techniques are not assured of success, they are fairly simple to 
test and, if successful in test, promise to be straightforward to apply to SEDS.  In the 
event that such [patent under final preparation] strategies actually prove useful in reduc-
ing the required neutron flux, they will be employed in SEDS. 
Neutron Beam Steering: 
Aside from attempting to minimize wasted neutrons, the technology for beam steering 
consists primarily of the use of rotating reticules made of neutron absorbing materials.  
Rotating reticules are used to minimize the weights of items that need to move and also 
the accelerations and jerk terms to which these items must be subjected. 
SEDS, LLC’s parent, BOSSdev, Inc. has applied for numerous patents in the area of 
rotating reticules for neutron beam steering.  The design under the most serious current 
consideration for the SEDS device consists of a pair of coaxial, counter-rotating disks 
made of neutron shielding material, for example a layer of neutron absorber covered by 
a layer of gamma ray shielding material.  Slits are cut in both disks [cuts may not corre-
spond to the patterns shown below].  These disks cover a vessel containing the thermal 
neutron source, which is shown below as a truncated sphere, but in actual practice can 

be of arbitrary geometry. 
In operation, the coinci-
dence of the slits creates 
a moving aperture whose 
trajectory matches the 
pan and tilt behavior 
sought for different op-
erations.  Multiple slits 
allow for more degrees 
of freedom in slit opera-
tions. 
 

Figure 11.  Conceptual example of rotating reticule. 

Gamma Ray Noise Signal Suppression: 
Irrespective of how many neutrons are saved or wasted, the neutron source will require 
shielding to keep transmitted levels of neutrons and gamma rays below allowable levels 
for both operators and the gamma ray telescope that will be a part of the system. 
While the radiation health and safety and health of military personnel and civilians in the 
immediate area of the neutron source is the most obvious design consideration for 
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shielding, the shielding of the gamma ray telescope for purposes of signal-to-noise ratio 
suppression is actually a much more difficult constraint.  It is straightforward to reduce 
the neutron and induced gamma radiation fluxes to levels that produce no harm to ei-
ther humans or to the gamma detectors.  However, the gamma ray telescope will be so 
sensitive that the background signal produced by such a powerful neutron source could 
easily swamp the threat signal of interest. 
One strategy to mitigate this effect significantly, which is the subject of a SEDS, LLC 
patent application, will be to pulse the neutron source, with bursts of thermal neutrons 
taking typically 1-2 milliseconds to reach the gamma ray telescope and 5-20 millisec-
onds to reach the range of threats of interest.  The telescope signal acquisition timing is 
then gated to acquire signal only during the 5-20 millisecond post-pulse interval.  While 
this will significantly mitigate the background signal, it will not eliminate it entirely, since 
neutrons scattered out of the main beam will still produce important levels of signal dur-
ing this interval.  While the amount of such signal will be far too small to be of conse-
quence for human health concerns, it will still be large enough to require careful shield-
ing of the detector from unwanted background. 

 
Figure 12.  Thermal neutron flux modulation and gamma ray telescope gating for noise rejection. 
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Neutron Source Shielding and Noise Suppression: 
A part of the project going forward will be to design the appropriate shielding for the 
neutron source and detector, taking into account weight, required absorption, cost, ma-
terial strength, and other relevant parameters. 

Boron and Hydrogen:  Neutrons are usually shielded by materials rich in boron and hy-
drogen, such as borated polyethylene.  Fast neutrons penetrate nearly every material, 
since their capture and inelastic scattering cross sections are small for most materials.  
However, they can be moderated [slowed] through elastic scattering to lower energies, 
where their capture cross sections increase and they are thus more readily captured. 

Because it is the lightest nucleus, hydrogen is the most effective moderator, quickly re-
ducing neutron energy with elastic scattering events, while boron has a very large ther-
mal neutron capture cross section.  Borated polyethylene, which contains large amounts 
of both boron and hydrogen, is thus an extremely effective neutron shield. 

The use of boron, however, has the disadvantage that each neutron capture event cre-
ates a 478 KeV gamma ray.  Although these gamma rays have only a fraction of the en-
ergy sought as signal of interest, 10.83 MeV, they nonetheless increase workload for the 
detector, causing detector dead time as a result.  Thus, these induced 478 KeV gamma 
rays must be shielded with lead or other high-Z material to prevent excessive dead time 
in the gamma ray telescope.  [See the discussion of the gamma ray telescope for details]. 

Additionally, hydrogen in the polyethylene creates 2.2 MeV gamma rays that introduce 
issues similar to those seen with boron.  Note that while deuterium in the form of heavy 
water can be used as a moderator, since the much smaller mass of the moderator keeps 
costs within reason, the use of deuterium in the much-larger neutron shield would in-
crease costs significantly. 

Layered Approach:  These issues can be mitigated by a layered shielding approach, in-
corporating both moderating layers of hydrogenous materials mixed with strong neutron 
absorbers like boron, layers of high-density gamma-ray shielding (such as bismuth, lead, 
or tungsten), and also the selective use of more expensive shielding in particularly sensi-
tive areas.  For example, deuterated materials might be substituted for hydrogenous ones 
in some small regions where the hydrogen emission of 2.2 MeV gamma rays produces 
unacceptable background for the detector. 

Lithium and Lithium Fluoride:  Lithium, while about five times more expensive than boron, 
can also serve as a strong thermal neutron absorber that produces orders of magnitude 
fewer gamma rays.  The salt lithium fluoride is relatively harmless chemically, and has 
been demonstrated as a highly effective thermal neutron absorber for small-volume ap-
plications where the elimination of gamma-ray background is especially important. 

Lead:  Finally, our technological advisors at Oak Ridge National Labs have pointed out 
that lead, while a poor neutron absorber, has a very large inelastic scattering cross-
section for high-energy neutrons.  Therefore, counterintuitively, the first layer of shielding 
around the neutron source will probably be a layer of lead intended to slow the neutrons 
by inelastic scattering (elastic scattering of neutrons from lead produces no significant 
slowing of the neutrons due to the high atomic weight of lead nuclides), followed by lay-
ers of neutron moderators, absorbers, and then more lead or heavy gamma shielding. 

The Monte Carlo code MCNP5 is indispensable in our shielding design, because the en-
ergy-dependent cross-sections for elastic and inelastic neutron scattering, neutron cap-
ture, and gamma ray scattering cannot be modeled well by any simple analytic formula. 
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Neutron Source Modulation: 
The neutron source is capable of very rapid modulation, simply by moderating the ac-
celeration voltage.  The DD-110 is literally capable of square wave modulation at 66 
MHz, with a zero neutron flux floor.  This corresponds to a 15 ns rise time! 
Rapid modulation of the neutron flux is vital for numerous reasons: 

• SEDS includes an intelligent video system that provides a look-ahead or preview 
of the neutron beam illumination region.  This system is designed to turn the 
beam off when shapes recognizable as humans or other protected-status assets 
are in the area about to be swept by the beam.  Due to the beam’s extremely 
high modulation frequency capability, precise beam switching can be achieved, 
thus enhancing safety.  [Please refer to the neutron safety section later in this 
document]. 

• Since the return gamma ray signal varies so dramatically with source-to-target 
distance [please refer to the earlier discussion following equation 4)], it is neces-
sary to continuously and accurately monitor the source-to-target distance and 
modulate the neutron beam intensity in order to allow the optimum gamma ray 
flux to reach the detectors.  [This technique is the subject of a patent application.] 
[More detail on this point is provided in the gamma ray detection section of this 
document.]  Significant numbers of nuisance gamma rays arise from the actual 
production of neutrons.  A small percentage of the time, a pair of gammas whose 
energies sum together to equal 10.83 MeV arrives at the detectors simultane-
ously.  Such events, known as random summing, are physically indistinguishable 
from the detection of genuine 10.83 MeV gammas of interest and thus constitute 
a nuisance signal.  Random summing events vary with the square of the gamma 
flux, while signals of interest vary only linearly.  Thus, the component of signal-to-
noise ratio [SNR] caused by random summing is minimized with minimum 
gamma signal.  For that reason, it is important to modulate the neutron signal 
with distance, since neutron flux scales so rapidly with distance.  Please refer to 
the subject of gamma ray detection for more detail on this point. 

• The extremely agile modulation capability of the neutron beam allows the neutron 
beam to be pulsed as yet another strategy to minimize random summing noise.  
[See earlier discussion and figure.]  Since the thermal neutrons have a v  = VRMS 
≈ 2,200 m/sec, their outbound flight time to a target 20 meters away has a mean 
value of 9.1 milliseconds; flight time to a target as close as 3 meters is 1.34 milli-
seconds.  The remaining processes, including the gamma ray creation, which 
occurs in the nanosecond / microsecond time scale, and the gamma ray flight 
time, which also occurs in the nanosecond time scale, are essentially instantane-
ous by comparison.  Therefore, it is potentially possible to modulate the neutron 
source with a square wave or other waveform at a frequency of between 100 and 
1000 Hz and simultaneously gate the gamma detectors.  This would allow the 
gamma detectors to ignore all gamma rays from the nearby neutron source and 
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accept only those that occurred from actual neutron capture at the target.  The 
utility of this approach, which is primarily valuable for target distances exceeding 
the neutron source / gamma ray telescope separation distance, will be examined 
as part of the ongoing effort on the SEDS project.  This technique promises to al-
low the creation of more compact geometries of the entire system by allowing the 
source and telescope to be placed closer together. 

GAMMA RAY TELESCOPE 
General: 
Gamma ray detection of substances of interest, including chemically based explosives, 
nuclear explosives, and other dangerous substances, is an area of active research by 
numerous parties. 
The majority of the world’s commercial gamma ray detectors have been developed for 
gamma ray sources less than 2 MeV.  For that reason, the literature, designs, and 
COTS products that are specific to the 10.8 MeV energy range of interest for the 14N 
TNAA problem comprise a very small segment of the existing gamma ray detection 
market and technology. 
Detector: 
We will create a low-cost, pixilated gamma ray telescope with modest angular resolution 
and modest energy resolution.  The number of pixels required will be determined by ex-
periment, but is at least 20 x 20.  In the discussions below, we assume a 32 x 32 [1,024] 
pixel array for purposes of argument, with the understanding that the number may 
change.  We propose to use optical scintillator materials with avalanche photodiodes. 
The gamma ray telescope will be specifically intended to identify the 10.8 MeV gamma emis-
sion from high concentrations of nitrogen at ranges of 5 to 20 meters.  The total included ac-
ceptance angle will be approximately 0.5 to 1.0 radian [approximately 30º - 60º], with a result-
ing resolution of 0.5/32 to 1.0/32 radians [0.015 to 0.03 radian ≈ 0.9º - 1.8º] by a combination 
of techniques.  This telescope will allow the detection of explosives within the design parame-
ters set for SEDS that are described above. 
Since this is a much narrower mission than, for example, the missions of the $10 million cos-
mological gamma-ray telescopes now in orbit on satellite observatories, the price of our 
gamma ray telescope will accordingly be about two orders of magnitude lower than those 
space-based instruments.  However the basic principles of an electron-positron pair-production 
gamma-ray telescope, which we will use in our telescope design, have been thoroughly tested 
and proven in those astronomical instruments.  The size of a gamma ray telescope needed to 
detect 7 kg of explosive at 20 meter range, using a pulsed electronic source of 1013 neutrons 
per second, is estimated at one square meter in collection area with a total instrument length of 
1 to 2 meters.  However a smaller prototype could be built at lower cost with a detection range 
of 10 to 15 meters, to demonstrate the operational principles of a full-scale telescope. 
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Detection Of Thermal Neutron Activation Gamma Rays 

Gamma rays emitted from thermal neutron reactions have very sharp peaks, with typical 
1/e power widths of the order of 10-12 or less of the peak energy.  However, accurate 
measurement of the energy of gamma rays poses numerous technological challenges, 
especially at energies as high as the 10.83 MeV lines of interest. 

Gamma rays interact with matter in several different ways, including Compton scattering 
and electron-positron pair production.  At the 10 – 11 MeV range, pair production pre-
dominates.  Interestingly, this means that such energetic gamma rays are actually LESS 
penetrating than lower-energy gammas in the 2 – 3 MeV range, since the pair production 
cross sections become quite large by 11 MeV. 

The two most relevant detector types for gamma rays at these high energies are optical 
scintillation detectors and semiconductor solid-state electronic detectors. 

Optical Detectors / Scintillators 

Scintillation detectors contain materials that 

• Generate showers of detectable photons when gamma rays interact with them 

• Are reasonably transparent in the spectrum containing the detectable photons 

• Have properties that cause the largest possible percentage of energy from the 
gammas to be deposited in the detector. 

Practical materials that fulfill these requirements are typically optically clear crystalline 
substances containing large amounts of high-Z elements in their chemical makeup, since 
high Z nuclei favor pair production reactions.  Scintillation photons are typically of the or-
der of 3 eV [i.e., visible violet]. 

Detection Of High Energy Gamma Rays 

A typical gamma ray detection event at the 10.83 MeV energy of interest occurs as 
shown in the figure below and described in the following text: 

 
Figure 13.  Typical gamma ray detection event. 
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1. The gamma ray enters the scintillator, has a close encounter with a high-Z nu-
cleus, and creates an electron-positron pair. 

2. Each member of the pair carries off about half the energy of the incident gamma 
ray.  Since each has rest-mass energy of 511 KeV, the average kinetic energy is 
[10.8 – 2*0.511]/2 ≈ 4.9 MeV. 

3. The relativistic electron deposits its energy in the scintillator through collisions 
mainly with electrons in the scintillator.  The resulting excited electron states in 
the scintillator relax, releasing a burst of violet photons. 

4. The relativistic positron does not annihilate immediately, because the annihilation 
cross section is small for positrons at relativistic energies.  Instead, the positron 
deposits nearly all of its kinetic energy in the scintillator in the same way as the 
electron, creating excitations that emit violet photons. 

5. Upon losing its kinetic energy, the positron annihilates with an electron from the 
scintillator, resulting in a pair of 511 keV gamma rays. 

6. Zero, one, or both of these 511 keV gammas escape the scintillator.  511 keV 
gammas that do not escape deposit their energy through Compton scattering and 
photoelectric captures that result in excitations, followed by emission of violet 
photons. 

7. The photo detector assigned to the scintillator sees the 9.8 MeV energy depos-
ited by the electron-positron pair, plus either nothing, 511 keV, or 1.022 keV – in 
other words, it sees lines at 9.8 MeV, 10.3 MeV and 10.8 MeV. 

8. All of these lines will appear broadened as a result of several processes: 

a. Photons leak out the sides of the scintillator in varying amounts, depend-
ing on the location of the interaction relative to the photodetector.  The 
variation of collection efficiency over the detector volume results in a 
variation of response for a given gamma ray energy. 

b. No scintillator is perfectly transparent.  Therefore, some photons will be 
absorbed by the scintillator material and will not be seen. 

Detector Speed And The Problems Of Random Summing And Dead Time 

Gamma rays and relativistic electron/positron pairs move at the speed of light; so the en-
ergy deposition occurs in one nanosecond or less.  However, the scintillator’s lumines-
cent relaxation time may vary from nanoseconds to tens of microseconds depending on 
the chemistry of the scintillator.  When two gamma rays arrive at the detector within an in-
terval less than the scintillation relaxation time, their individual energies cannot be distin-
guished by the photodetectors.  Thus, they will be reported as a single event whose en-
ergy is the sum of the two gamma rays.  This process causes nuisance signals called 
“Random Summing”.  [Random summing could occur with 3 or more gammas, but such 
occurrences are statistically rare enough to be irrelevant.] 

Random summing counts are added to genuine, single-event counts by the photodetec-
tor, yielding a signal containing both useful data and random summing noise.  Simple sta-
tistical analysis shows that the random summing signal varies quadratically with the flux 
and inversely linearly with the the quench-time for the photon cascades produced by the 
scintillator. 

An additional signal processing concern is “dead-time”—that fraction of time in which the 
scintillator is saturated with energy and cannot respond to another gamma. 
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Because of random summing and dead-time, the faster the scintillator, the lower the sig-
nal-to-noise ratio and the higher the permissible count rate. 

Detector Structure 

Our telescope will contain multiple thin grid arrays of detectors, arranged in successive 
layers with gaps of 10 to 20 cm between each layer, to track the generation, propagation, 
and capture of electron-positron pairs from 10.83 MeV gamma rays.  The individual pixels 
of each grid array will be optical scintillators, with attached avalanche photodiodes to 
read out the scintillation signal from each gamma ray event. 

 
Figure 14.  Low-Cost Special Purpose Pair-Production Gamma Telescope. 

Depending on operational requirements, the field of view of the telescope will be in the 
range from 0.5 to 1.0 radian (30º - 60º).  The telescope resolution required to distinguish 
a 7 kg explosive from background nitrogen and silicon in soil at a range of 20 meters is 
about 0.02 radians (roughly 1º), corresponding to a pixel array size of approximately 
32x32 elements [pixels] in each layer. 

Most of the scintillation layers will be optimized to produce an electron-positron pair from 
the collision of incoming gamma rays at 10.8 MeV.  To determine the direction vector of 
the incoming gamma ray, it is necessary that the electron and positron deposit some of 
their energy in one layer and then escape that layer, flying through the detector to deposit 
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their remaining energy in subsequent layers.  Since electrons and positrons lose 5 to 10 
MeV per cm as they traverse typical inorganic scintillation materials, each layer of such a 
scintillation material should be no more than 0.5 cm thick to permit most electron-positron 
pairs with average energy 5.4 MeV per particle to pass through at least one layer.  How-
ever, the conversion efficiency for 10.8 MeV gamma rays in typical inorganic scintillator is 
about 10 to 20% per cm; so each layer will have a maximum pair-production efficiency of 
5 to 10%.  Fortunately, the experience of the astronomical pair-production telescopes has 
shown that the efficiency of multiple converter layers sum (in the limit of low efficiency for 
each layer), such that a gamma ray telescope approaching 50% efficiency can be 
achieved by building a lattice of more than five layers at 10% efficiency or more than ten 
layers at 5% efficiency per layer. 

Detector Materials: 

The following are the most important characteristics of scintillator materials: 

• TRANSPARENCY:  The majority of the photons deposited by the gamma ray 
event must survive to the edge of the scintillator so they can be detected by the 
photo detection sensors. 

• HIGH-Z / HIGH DENSITY:  To maximize the likelihood that most or all of the en-
ergy of the incoming gamma ray is deposited in the scintillator, it is important to 
cause the pair-creation reactions as soon as possible after the gamma ray enters 
the crystal.  This likelihood is maximized with increasing Z and increasing den-
sity. 

• COST:  Clearly, since the number of scintillator pixels is large, cost-per-pixel is a 
very important factor. 

• RUGGEDNESS / LOW TOXICITY / NO SALVAGE VALUE TO HOSTILES:  Envi-
ronmental considerations are clearly of paramount importance. 

Our existing work has been done with the optical scintillator most widely used for gamma 
ray detection, single-crystal thallium-doped sodium iodide, NaI(Tl).  This crystal was cho-
sen for its ease of use during investigation, but it is not optimized for SEDS. 

Our preliminary studies indicate that significant cost savings may be achieved in the de-
sign of this gamma-ray telescope by using organic scintillator materials doped with metal-
lic atoms of high nuclear charge Z, instead of the more industry-standard inorganic scintil-
lator crystals such as sodium iodide NaI or cesium iodide CsI.  For that reason, we have 
not specified here the exact number of layers or pixels, since we plan to do detector 
technology downselection first, and then do detector engineering design afterward. 

Doped organic materials that have been studied as high-density scintillators in previous 
research programs include mixtures of solvents, fluorescent dyes, and transparent or-
ganometallic liquids such as bis-arene-tungsten, tetra-methyl-tin, indium-beta-diketonate, 
and lead-xylene based solutions.  There are also a variety of commercially produced 
lead-doped plastic scintillators that may achieve high density and high optical transpar-
ency at lower cost than inorganic scintillation crystals.  While no one, prior to our effort, 
appears to have applied these materials to our unique problem of low-cost, high-
efficiency, 11 MeV gamma telescope design, some of these doped organic materials 
have a robust track record in other specialized areas of gamma ray, X-ray, and nuclear 
particle measurement such as laboratory dosimetry and solar neutrino detection. 

In the next phase of our detector development program we will acquire samples of these 
materials and measure their optical and scintillation properties in the laboratory to deter-
mine which one or two materials will likely produce the most cost-effective 10.83 MeV 
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gamma ray telescope pixels when manufactured in large numbers. Since the gamma ray 
stopping power and energy resolution of the scintillation pixels will be strongly dependent 
on the material chosen, the thickness of each layer and the total number of layers can not 
yet be determined, but the ranges are given above:  five to ten layers of pixels, each layer 
less than 1 cm thick and containing at least a 30x30 array of pixels, with layer spacings 
on the order of 10 to 20 cm. 

Notes: 
• Robustness = good if there are no special conditions that might make military de-

ployment challenging 
• Liquid/hybrid detector cost is independent of size because the scintillator material is 

inexpensive 
• Gamma efficiency is the interaction probability per cm travel for an 11 MeV gamma 

ray penetrating this material 
• Note that scintillator energy resolution at 11 MeV is much better than the resolution 

usually quoted at 662 keV. 
• For NaI(Tl) and CsI(Tl), time resolution improves greatly with removal of the Tl dopant 
• Costs do not decrease much from 10 m to 5 m because detector radius must be 

large enough to capture e+/e- pairs 

Detector 
Technology 

 NaI(Tl) Liquid 
Xe 

CsI(Tl) HPGe CZT Organic 
Plastic 

High-Z 
Doped 
Organic 
Liquid 

Metal / 
Plastic 
Layered 
Hybrid 

Dimensions   Average Average Average Average Average Poor Average Average 

Weight   Good Average Good Average Good Poor Average Average 

Power 
Consumption 

  Average Poor Average Poor Average Average Average Average 

11 MeV Gamma 
Efficiency (/cm) 

  0.13831 0.116414 0.18416 0.16779 0.23641 0.02273 0.075188 Varies 
widely 

Energy 
Resolution 
@11MeV 

  3% 2% 3% 0.2% 1% Poor unknown unknown

Time Resol. (ns)   230 45 1000 600 250 2 2 2

Robustness/      Good   Good Good Unknown Good 
Special 
Concerns 

  Must be 
sealed 

Must be 
cooled to
15ºC 

 Cryo-
genic 

    

5 m $20 $70 $20 $300 $600 $20 $30 $30

10 m $20 $70 $30 $310 $1,300 $20 $30 $30

15 m $80 $190 $160 $1,600 $7,000 $20 $30 $30

Cost for 1-sec 
Detection Array 
at Specified Dis-
tance, $1,000 

20 m $240 $600 $500 $5,000 $20,000 $20 $30 $30
          

Values Color Key   Excellent Good Average Poor Fail Unknown   
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• Power Consumption = poor if the detector requires cooling below room temperature 
• Plastic scintillator cost is the same for all ranges because the e+e- capture radius is 

HUGE (2 meters cubed) 
• Raw CZT crystal is about $200 per cm3! 
• Dimensions = poor if the detector would be larger than 2x2x2 meters 
• Weight = poor if the detector will be extremely large / require > 5 tons shielding 
The scintillation materials of interest to us have extremely fast integration times, because 
the gamma ray flux in the neighborhood of a powerful thermal neutron source will be un-
usually high.  In the majority of contemporary [i.e., non-SEDS] laboratory gamma-ray de-
tection applications, total gamma event counting rates are relatively low (thousands of 
events per second), gamma ray energies are typically in the hundreds of keV, and the 
primary figure of merit for the scintillator is the number of photons produced per gamma 
ray [which is to say, the detector’s sensitivity and signal-to-noise ratio for weak gamma 
rays].  The materials we choose will have very different criteria, since a 10.83 MeV 
gamma ray contains two orders of magnitude more energy than most of the gamma rays 
in the background.  We expect tens of millions of background events per second, most 
with relatively low energy, accompanied by a few significant events per second that have 
enormous energy.  Therefore, we do not need high scintillation output per event so much 
as we need very rapid detector response to separate the millions of events in time.  While 
the most commonly used laboratory scintillator—thallium-doped sodium iodide or 
NaI(Tl)—has a light output of about 40,000 photons per MeV and a detector time con-
stant of about 1 microsecond, the undoped version of this crystal has two orders of mag-
nitude less scintillation output and responds two orders of magnitude faster.  This is ex-
actly the sort of behavior we want:  time resolution of a few nanoseconds, and energy 
resolution of a few percent at 10.83 MeV.  It does not matter that we cannot resolve or 
even detect low energy gamma rays with undoped NaI, because for our purposes all of 
those gamma rays are background noise that we wish to filter out anyway. 

Prior to our laboratory examination of actual detector materials in the next phase of our 
work, we performed a survey of known detector materials with a characterization of the 
relevant properties of each one.  The following table shows the results of that survey. 

Importantly, most of the organometallic scintillator materials mentioned above have ex-
tremely fast response times (nanoseconds or hundreds of picoseconds) and significantly 
lower cost than sodium iodide crystal (doped or undoped) when prepared in large 
batches.  The promise of a large-array, inexpensive gamma ray telescopes lies in the use 
of these materials. 

Detector Energy, Time, and Angular Resolution 

The two most common types of detector for gamma-ray spectroscopy are scintillators 
and semiconductor detectors.  Scintillators are generally much less expensive per unit 
volume but have energy resolution on the order of 3 to 7% at 11 MeV, while semiconduc-
tor gamma detectors have to be cryogenically cooled and achieve energy resolution from 
0.1% to 1% at 11 MeV.  Considerable interest has recently developed in the use of semi-
conductor-based gamma detectors, especially high purity germanium [HPGe], for security 
applications.  The 0.1% energy resolution of HPGe allows the gamma ray lines of nu-
clides of interest to be identified even amid a forest of lines from other interfering nuclide 
species.  However, our feasibility studies have shown that, at standoff range, the forma-
tion of well-defined spectroscopy data peaks is not going to happen fast enough to save 
lives in an IED scenario.  Early and distant detection of large concealed explosives will 
require distinguishing between rates on the order of 1 to 10 10.83 MeV gamma events 
per second.  In this situation, having the energy resolution necessary to resolve a 10.6 
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MeV silicon-29 gamma ray from a 10.8 MeV nitrogen-14 gamma ray is of comparable 
value to having the time resolution to resolve 10 million events per second, or the angular 
resolution to distinguish a bright 11 MeV gamma region 20 x 20 cm at a range of 20 me-
ters from a background of dim 11 MeV gamma events.  Of these three criteria—time 
resolution, angular resolution, and energy resolution—the time resolution and angular 
resolution can be achieved using scintillators at an estimated ten times lower cost than 
the cryogenic semiconductor detectors needed to achieve the energy resolution.  Fur-
thermore, our preliminary models and laboratory experiments indicate that having 0.02 
radian angular resolution, 10 nanosecond time resolution, and 5% energy resolution—
specifications already achievable using undoped sodium iodide, and probably achievable 
with doped organometallics after a few months of electronic and optical engineering—will 
provide sufficient information to detect IEDs at 20 meters range in 2 seconds without 
cryogenically cooled semiconductor detectors. 

Therefore, it appears that HPGe offers little advantage for initial threat detection at full 
range, and it is not under active consideration for the first SEDS device.  However, all de-
tector research data will be retained for future consideration.  It may be that in a verifica-
tion/false-positive situation, the availability of high resolution gamma spectroscopy data, 
acquired at slower rates or at closer range, may still be of practical use in evaluating a 
perceived IED threat. 

Detector Electronics 

Among the several methods for converting scintillator light to an electronic signal that can 
be measured, the most common devices are photomultiplier tubes (PMTs) and avalanche 
photodiodes.  For many years, PMTs have dominated particle-counting science because 
they give incomparably high signal gain, low noise, and large photon collection area.  
However, improvements in avalanche photodiodes in recent years have enabled these 
devices to replace PMTs in situations where low cost is more important than large collec-
tion area.  In particular, for the small, mass-produced scintillator pixels that we are pro-
posing, a signal proportional to the total energy deposited in each pixel can be gathered 
by coating the pixels with an appropriately designed diffusive coating, selecting a pixel 
geometry optimally designed to scatter the scintillation light evenly from all locations 
within the pixel, and placing one or more avalanche photodiodes at locations that we can 
model for optimal uniformity of pixel response.  In this way, we intend to design a mass-
produced scintillator pixel array with a cost less than $30 per pixel, including the photodi-
ode.  For five layers x 1,024 pixels x $30 per pixel, the telescope elements come to a to-
tal of $153,600.  This price range would be impossible using PMTs, and the metal mass 
of the PMTs would also constitute a significant loss of total telescope efficiency because 
a large fraction of detector events would strike the PMTs instead of the scintillators.  Pho-
todiodes can be made thin enough that this will not significantly reduce the telescope effi-
ciency.  Moreover, the extreme frailty, large power consumption, and large physical size 
of PMTs would argue against their use, even if cost and metal mass did not. 

However, the signal processing electronics for all those avalanche photodiodes could 
easily escalate the cost and complexity of the SEDS device unacceptably, if done pixel-
by-pixel.  For that reason, one of our subcontractors, LaunchPoint Technologies, has 
proposed a novel demand-based signal processing architecture that allows a reduction in 
complexity of between 10 and 100.  The main concept in this system is to monitor the 
scintillation pulses at each grid array of pixels with two “edge subsystems.”  The edge 
subsystems use nanosecond-speed electronics to identify the (x,y) location of each 
gamma ray event and route the signal processing for that region of the array through 
what amounts to a fast multiplexer—allowing one or a few signal processing electronics 
systems to serve the needs of the entire 1,024 pixel array (see next two figures). 
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Figure 15.  Two edge subsystems identify the (x,y) region in the pixel grid where each 
gamma event occurs, and trigger an “on-demand” signal processing system to analyze 
pulses only from the pixels that matter. 

 
Figure 16.  Low-cost, nanosecond speed electronics can be used to trigger digitization 
and signal processing only of the avalanche photodiode outputs that contain active 
gamma ray events at any given moment, reducing the cost of the pulse analysis electron-
ics by a factor of 10 or 100. 



 
COMPANY PRIVATE DISTRIBUTION TO THIRD PARTIES PROHIBITED CONTAINS COMPANY INTELLECTUAL PROPERTY 
 

 
COMPANY PRIVATE DISTRIBUTION TO THIRD PARTIES PROHIBITED CONTAINS COMPANY INTELLECTUAL PROPERTY 
SEDS, LLC Corporate Offices: 700 Tower Drive Suite 500, Troy, MI 48098 248-247-3500 
 West Coast Offices: 2534 Murrell Road, Santa Barbara, CA 93109-1859 805-962-7703 
6/25/2008 12:28:00 PM Page 31 of 65 Last saved by Wayne B. Norris  

DETECTION SOFTWARE SYSTEM 
General: 
The neutron sources and gamma ray detectors described above will provide data to a 
detection software system whose purpose is to identify detection events in real time. 
The essence of any detection system is the use of Bayesian decision algorithms that 
combine characteristics of data and correlate them against known patterns to arrive at a 
useful probability of detection Pd. with an acceptable probability of false alarm Pfa. 
We will integrate the data from the gamma ray telescope, the state of the neutron 
source, and intelligent video, as shown below, to produce a Bayesian decision engine 
that will maximize Pd. while minimizing Pfa.  We are in negotiations with Toyon Re-
search, Inc. of Goleta, CA to leverage their decades-long expertise in creating just such 
decision algorithms for government applications for the SEDS project. 

Multi-Sensor Fusion 

A key to reducing the false alarm rate experienced in finding a Signal Of Interest [SOI] in 
a real-world environment to acceptable levels is the use of Multi-Sensor Fusion, a widely 
exploited approach to the detection of information based on measurements made on mul-
tiple orthogonal [i.e., independent of one another] data channels and using classical de-
tection theory.  For a detailed description of this treatment, the reader is referred to the 
excellent and classic work on the subject, Detection, Estimation, and Modulation Theory, 
by Harry L. Van Trees, published by John Wiley & Sons. 

 

Signal Source

x1 z1

xi zi

+

ξ1

+

ξi

 
Figure 17.  Illustration of Multi-Sensor Signals. 

In the SEDS problem, the presence of explosives in the area being searched causes ob-
servable values {xi(t)} in multiple signal channels, to each of which is added an inde-
pendent, discrete, time-varying obscuring signal {ξi(t)}, yielding a corresponding real-
world signal {zi(t)}.  The addition of the Signal of Interest and the obscuring signal yields 
the real-world signal {zi(t)} that is actually observed.  The values of {ξi(t)} vary according 
to a probability distribution that will never be fully known. 

Assume that the hypothesis H1 corresponds to Explosive Present [in this case, the pres-
ence of large amounts of 14N], and the hypothesis H0 corresponds to Explosive Not Pre-
sent [large amounts of 14N not present].  Each hypothesis produces a signal value in 
each channel.  For example assume that… 
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• Channel 1 is activity count at the energy of the 
10.83 MeV signature gamma ray from 14N.  
This is measured in counts per second, an 
integer value that approaches a continuous 
signal for high counts.  For H0 [no 14N 
present], x1 will be 0, and for H1 [14N present] 
x1 will be greater than 100. 

• Channel 2 is a Boolean variable whose value 
is 0 in the case in which open sky is detected 
in the field of view of a video camera pointing 
in the direction of the gamma source and 1 
otherwise.  For H0 [no 14N present], x2 will be 
0, and for H1 [14N present] x2 will be 1. 

H0: x1 = 0 
x2 = 0 
H1:  x1 ≥ 100 
x2 = 1 

The problem in the case of 14N is a binary hypothesis… either H0 is true or H1 is true.  For 
each discrete observation, or for a continuing observational vigilance time, one of four 
CASES can happen: 

• H0 is true and the system reports H0 [“H0|H0”] [“True Negative”] 
• H0 is true and the system reports H1 [“H0|H1”] [“False Positive”] 
• H1 is true and the system reports H1 [“H1|H1”] [“True Positive”] 
• H1 is true and the system reports H0 [“H1|H0”] [“False Negative”] 

Each of these cases has a measurement probability P(Hn|Hn) and COST Cnn: 

• H0|H0 has a measurement probability P(H0|H0) and a cost C00 
• H0|H1 has a measurement probability P(H0|H1) and a cost C01 
• H1|H1 has a measurement probability P(H1|H1) and a cost C11 
• H1|H0 has a measurement probability P(H1|H0) and a cost C10 

Further, each actual EVENT [not case] has an a priori probability: 

• Event 0 [14N not present] has an a priori probability P0, and 
• Event 1 [14N present] has an a prior probability P1. 

A priori probabilities must be estimated prior to doing computations [Estimates, of course, 
may be changed over time as intelligence information warrants]. 

These items are combined to compute a TOTAL COST.  The Expectation Value of Cost 
ε(Cost) is defined as the RISK R: 

R. = C00P0P(H0|H0) + C01P0P(H0|H1) + C11P1P(H1|H1) + C10P1P(H1|H0) 

In general, risk is also expressed as a cost of the operation, and the general rule is that 
cost is to be kept to a minimum.  This constraint dictates the method for estimating and 
eliminating the values of {ξi(t)} in order to minimize R. 

Z

x1

x2

z1
z0

(H0|H0)

(H1|H0)

(H0|H1)

(H1|H1)

J

K

Truth Line 

Decision Line 

Figure 18.  Truth and Decision 
Lines. 
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Observation Space 

Each observation of the Item of Interest creates a point in that observation space with 
coordinates (x1,x2).  Observations must correspond to either H0 or H1.  This binary hy-
pothesis divides Z into exactly two regions, Z0 and Z1, where the hypotheses H0 and H1 
are true respectively. 

In the figure, these two regions are separated by a heavy black line J, known as the 
TRUTH LINE.  This line corresponds to “reality”.  Observations corresponding to real 14N 
are guaranteed to be on the Z1 side of this line, and observations with NO real 14N are on 
the Z0 side of this line.  In other words, observations of type H0|H0 and H1|H0 are both 
negative – they correspond to H0, and thus are located in Z0.  Observations of the type 
H0|H1 and H1|H1 are both positive – they correspond to H1, and thus are located in Z1. 

However, due to the effects of the values of {ξi(t)}, false negatives and false positives ex-
ist.  Depending on the algorithm used to estimate {ξi(t)}, the space Z is divided by a COM-
PUTED boundary – also known as a DECISION LINE – represented by the heavy BRO-
KEN line K, and generally expressable as a polynomial function of the axes, with coeffi-
cients chosen to minimize R. 

If perfect knowledge of {ξi(t)} existed, it would be possible to subtract out its effect in 
measurement and create a decision line K that was exactly equal to the TRUTH LINE J.  
Since we can’t, all we have is K.  Thus, while J is the ideal of “truth”, K is “as good as we 
can do in real life”. 

The decision line K exists as a function of the two variables defining the space Z.  For 
more than two variables, Z becomes a space of dimensional n, where n is the number of 
dimensions, and the decision becomes a surface of dimension n – 1.  Various strategies 
exist for computing the formula for K, including strategies satisfying the Bayes and Ney-
man-Pearson criteria.  These are classic derivations not reproduced in this proposal, but 
incorporated by reference.  The result of both of these criteria is the generation of a Re-
ceiver Operating Characteristics curve, or ROC curve. 

In the figure shown above, the points H1|H0 and H0|H1 are errors with respect to J.  Both 
fall on the “wrong” side of J.  The number of such points, the distance from J, and the 
cost of each point figure prominently into the quality of the decision curve K. 

Receiver Operating Characteristic Curve 

The result of the optimization of the criteria 
used to compute the decision line is a “Re-
ceiver Operating Characteristics Curve” or 
“ROC Curve”] that shows the probability of a 
correct detection, Pd, versus the probability 
of a false alarm, Pfa.  The decision curve K 
also implicitly places a vertical decision line 
on the ROC curve at, say, .05, as shown to 
trigger escalation of enforcement or 
detection activity. 

Multiple Detection Channels 

It is SEDS, LLC’s intention to use multiple 
channels of data to minimize the difference 
between curves J and K in the proposed 
system.  This strategy is designed to isolate 
most nuisance signals responsible for {ξi(t)}.  
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Figure 19.  ROC [Receiver Operating Char-
acteristic] Curve. 
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Channels proposed for use include: 

POSITIVE CORRELATIONS NEGATIVE CORRELATIONS 
14N resonance Nuisance resonances: 29Si, etc. 

Video signatures of known IED and EFP 
emplacement geometries 

Video image of known harmless objects 

Video image of neutral or known harmful 
objects 

Target movement 

 

ADDITIONAL SENSOR: INTELLIGENT VIDEO 
General: 
Our firm believes that, despite the power offered by TNAA as we propose it, SEDS 
would not be as accurate as it could be without the use of intelligent video as an addi-
tional sensing channel.  It is our intent to provide the ability to integrate intelligent video 
into the Bayesian algorithms mentioned above. 
We intend to integrate intelligent video into SEDS.  Intelligent video provides critical 
range data for neutron flux modulation, human form recognition so that the beam can be 
switched off as the source boresight scans over a person, and potential libraries of ex-
ploitable image data that can be integrated with TNAA sensor data to enhance Pd. while 
minimizing Pfa. 
We intend to examine both the COTS products available from iOmniscient and Object-
Vision, the two leaders in the field, and also proprietary products available from Toyon 
Research, which have been developed under Government contract.  The Toyon prod-
ucts may be preferable to the COTS products, since these latter have not been de-
signed for use on moving platforms. 
We intend to explore the range of visual frequency space past the range of human vi-
sion, to include near-IR and near-UV, to determine if this range adds detection utility at 
achievable cost and with achievable schedule. 



 
COMPANY PRIVATE DISTRIBUTION TO THIRD PARTIES PROHIBITED CONTAINS COMPANY INTELLECTUAL PROPERTY 
 

 
COMPANY PRIVATE DISTRIBUTION TO THIRD PARTIES PROHIBITED CONTAINS COMPANY INTELLECTUAL PROPERTY 
SEDS, LLC Corporate Offices: 700 Tower Drive Suite 500, Troy, MI 48098 248-247-3500 
 West Coast Offices: 2534 Murrell Road, Santa Barbara, CA 93109-1859 805-962-7703 
6/25/2008 12:28:00 PM Page 35 of 65 Last saved by Wayne B. Norris  

Summary of Health Physics Considerations 
SUMMARY 
Health physics is an overriding concern of the SEDS, LLC team and has been aggres-
sively addressed and dealt with. 
The health physics considerations for SEDS relate entirely to the thermal neutron beam. 

• The electronic neutron source, while producing 2.45 MeV fast neutrons and 
gamma radiation of multiple energies inside the device, is thoroughly shielded 
from the outside world during operation. 

• In case of destruction at the hands of hostile forces, the device stops producing 
all radiation at the instant the power is shut down, at a rate measured in nano-
seconds, so those sources of radiation can produce no harm. 

• A very limited number of activation products exist for up to several seconds after 
the beam is shut down, but these decay so rapidly to inactive materials that they 
cannot produce harm. 

• The thermalized beam of neutrons produced during operation is thoroughly 
shielded from the operator, and is shut down instantly by the intelligent video sys-
tem that looks ahead of the beam for human forms.  In the case of a human in-
advertently exposed to the beam due to camouflage by an intervening object, the 
scanning thermal neutron beam produces an exposure so low as to pose no 
health hazard. 

BACKGROUND 
Thermal neutrons, by definition, have no more kinetic energy than the atoms in the hu-
man body, and thus cannot harm living tissue as a result of elastic scattering events.  
This is very different from fast neutrons, which can be extremely dangerous. 
However, the hydrogen atoms in water in human tissue capture 40% to 70% of any 
thermal neutrons entering the body, depending on body size and angle of incidence, re-
sulting in an excited-state deuterium nucleus.  The deuterium nucleus promptly decays 
to ground state by the emission of a 2.2 MeV gamma ray.  These gamma rays deposit 
ionizing energy in human tissue, while the deuteron recoils due to conservation of mo-
mentum. The deuteron recoil from hydrogen capture produces approximately 90% of 
the energy delivered to living tissue by thermal neutrons, with prompt gamma rays from 
hydrogen and nitrogen in the body producing the other 10%. 
We performed extensive modeling for the case of absorption of thermal neutrons by hu-
mans.  Our working assumptions were as follows: 

• Total source flux of 1013 thermal neutrons per second, the largest possible value 
contemplated; 

• Thermal neutron beam attenuation of 22
r

e
−

 due to air; and 
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• A largest reasonable human form equivalent to a rectangle 2 meters high x 0.5 
meters wide, or 1 m2. 

With the above parameters, the flux delivered to a human form at the design limit of 20 

meters is 22
20

−
e x1013/(4x202xπ) = 8 x 108 neutrons per second. 

The thermal neutron flux of the SEDS device is modulated by redundant systems so that 
the thermal neutron flux delivered per unit area remains constant over all target ranges.  
This is done both for safety and also so that changes in target range do not overwhelm or 
starve the gamma ray telescope.  Since return gamma flux varies as the product of both 
the fourth power of distance AND an exponential function of distance as shown in Equa-
tion 3), such modulation is critical. 
For the purposes of being conservative, we assumed a worst-case scenario flux of 109 
neutrons per second for one second, or 1 billion neutrons. 
Our modeling, based on both MCNP and numerical integration, and as shown in the 
spreadsheet below, demonstrates that a human who absorbed one billion thermal neu-
trons would receive a total dosage of 37 microsieverts—equivalent to a single chest X-ray 
for a routine medical examination.  As discussed in detail above, such an exposure is only 
a remote possibility as a result of the operation of the SEDS device, since it would require 
multiple simultaneous failures of independent safety systems.  Moreover, since the beam 
scans, it would require a person to “chase” the invisible beam in order to absorb it for 
more than a fraction of a second. 
It bears repeating that SEDS switches off when a human form is about to be scanned, 
due to the intelligent video.  Naturally, a person obscured from view could not be recog-
nized by the video system, but the obscuration, such as an auto body, vegetation, or a 
wall would itself be visible, and thus would still modulate the beam to its correct flux [or 
lower, if the obscuration had significant thickness], and the material of the obscuration 
would further reduce the flux absorbed by the person. 
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DETAILS 

Assume human body mass = 70 kg = 150 lbs, density ~ 1.0 grams/cc, thickness <~ 30 cm

Tissue mass n Sigma atomic neutron avg gamma avg gamma 2.6 MeV g photon recoil E recoil E
Element fraction (barns) mass capt Prob (MeV) x Prob sigma [b] scat prob (MeV) x Prob
O 0.6500 1.800E-04 16.0 0.0001 1.390 0.000 1.10 0.404 0.111 0.000
C 0.1850 3.400E-03 12.0 0.0009 4.950 0.005 0.80 0.111 1.844 0.002
H 0.0950 3.320E-01 1.0 0.5698 2.200 1.254 0.14 0.120 2.368 1.349
N 0.0320 1.800E+00 14.0 0.0743 5.393 0.401 0.90 0.019 1.897 0.141
Ca 0.0150 4.000E-01 40.1 0.0027 5.765 0.016 2.80 0.009 0.791 0.002
P 0.0100 1.800E-01 31.0 0.0010 2.600 0.003 2.00 0.006 0.207 0.000
K 0.0035 2.100E+00 39.1 0.0034 3.200 0.011 2.50 0.002 0.250 0.001
S 0.0025 5.300E-01 32.1 0.0007 2.900 0.002 2.10 0.001 0.249 0.000
Na 0.0015 1.000E-01 23.0 0.0001 1.500 0.000 1.45 0.001 0.092 0.000
Cl 0.0015 3.200E+01 35.5 0.0244 3.414 0.083 2.20 0.001 0.312 0.008
Mg 0.0005 7.000E-02 24.3 2.60E-05 3.400 0.000 1.55 0.0003 0.447 0.000
I 0.0005 6.100E+00 127.0 0.0004 0.130 0.000 8.00 0.0003 0.000 0.000
Fe 0.0005 2.600E+00 55.9 0.0004 7.600 0.003 3.60 0.0003 0.993 0.000

Total 0.6785 2.620 [MeV] 0.675 2.216 [MeV]
Fraction of weighted avg gamma fraction of gammas weighted avg

1 MeV = 1.6E-13 [Joules] thermal neutrons energy emitted depositing energy recoil energy deposited
captured in tissue in tissue in tissue

Notes:  
1 Gray = 100 rad = 1 Joule energy deposited per kilogram of tissue
1 rad ~ 1 roentgen
Sieverts = Gray * Qfactor
1 Sievert = 100 rem
Quality factor for gamma rays = 1
Quality factor for protons (hydrogen recoil) = 5
Quality factor for alphas/nuclear recoil = 20
[Use quality factor = 10 for deuteron recoil]
70 kg human dosage per billion thermal neutrons: 3.7E-05 Sievert or 0.04 mSv

Equivalent dosages:
1 year living in Denver ~ 2 mSv
1 chest Xray = 0.04 mSv Therefore 1 billion thermal neutrons (whole body exposure) is similar to one chest Xray
1 chest CT scan = 8 mSv
1 roundtrip flight to Tokyo ~ 0.2 mSv

Human body radiation dosage from thermal neutron capture

 
A 1-second exposure to the full 109 neutrons per second is thus 37 microsieverts. 
DOD STANDARDS 
Radiation exposure standards for military applications are defined in: 
The Department of the Army Pamphlet 385–24, The Army Radiation Safety Pro-
gram, HQ, Department of the Army, 24 August 2007. 
Table 5-1 of that document is titled Army personnel ionizing radiation exposure 
standards, Category maximum, with footnotes (2) and (3). 
[It is assumed here that thermal neutrons, which may properly be considered to be non-
ionizing radiation, would nonetheless fall into the stated category by virtue of their en-
ergy deposition mechanisms, mentioned above.] 
Table 5-1 defines a general dosage maximum as: 
Member of the general public: 100 mrem (1 mSv) (TEDE) in calendar year4 
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Footnotes in the Army reference are as follows: 
2 Abbreviations: TEDE=total effective dose equivalent; DDE=deep dose equiva-

lent; ED=effective dose; EDE=effective dose equivalent; CDE=committed dose 
equivalent; SDE=shallow dose equivalent. 

3 OSHA standard for occupational exposure of adults and for the lens of the eye 
is 1¼ rem in calendar quarter. OSHA standard for skin of whole body is 7½ 
rem in calendar quarter. OSHA standard for hands and forearms; feet and an-
kles is 18¾ rem in calendar quarter. 

4 The dose in any unrestricted area from external sources, exclusive of the dose 
contributions from patients administered radioactive material and released in 
accordance with applicable regulations, will not exceed 2 mrem (0.02 mSv) in 
any one hour. 

NOTES AND DISCUSSION 
• This would seem to indicate a maximum prompt exposure [footnote 4] of 20 μSv 

over an hour.  Our worst case scenario would deliver 37 MICROSieverts in a sin-
gle one-second exposure, or a bit less than twice the 1-hour exposure limit. 

• In the worst-case scenario mentioned above, we would need to switch the beam 
off within about ½ second.  This would be trivial, since our beam switches off ap-
proximately 500 times this fast. 

• The limit is 20 μSv in an HOUR, while it’s 1,000 μSv in a YEAR.  For comparison, 
a chest X-ray is 40 μSv in ¼ to 1 second, and a roundtrip airline flight from the 
US mainland to Tokyo is 200 μSv, although both of these are voluntary. 

• No information is given for hostile combatant exposure, so it would be safest to 
assume it to be the same as for members of the general public.  This is specula-
tion, but would be conservative. 

The same document, page 41 defines a “High Radiation Area” as: 
“An area, accessible to individuals, in which radiation levels could 
result in an individual receiving a dose equivalent in excess of 100 
mrem (1 mSv) in 1 hour at 30 centimeters from the radiation source 
or from any surface that the radiation penetrates.“ 

Thus, a “High Radiation Area” is one where a person could receive 1,000 microsieverts 
in one HOUR.  It is not surprising that someone standing directly in a beam experiences 
high flux.  Recall that the person would need to successfully chase the invisble, scan-
ning beam for a 27 seconds to receive this dose! 
Importantly, the same document on Page 45 defines a “Very high radiation area” as: 

“An area, accessible to individuals, in which radiation levels could 
result in an individual receiving an absorbed dose in excess of 500 
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rads (5 Gy) in 1 hour at 1 meter from a radiation source or from any 
surface that the radiation penetrates.” 

In summary, accidental, impossible-to-arrange exposure to the full beam at close range 
results in a whole-body dose rate of 37 microsieverts per second. 
One chest X-ray results approximately the same amount of tissue energy absorption.  
Chest X-ray exposures occur in approximately ½ second.  A person living in New York 
City or Los Angeles at sea level, living and working in wood frame buildings, receives 
2,000 microsieverts per year from natural radiation sources, a level more than 50 times 
as high.  Living or working in brick buildings, or simply moving to Denver, doubles that 
to 4,000 microsieverts per year, more than 100 times as high.  An airline round trip to 
Tokyo from the US adds 200 microsieverts. 
While we are continually sensitive to the issues of health physics risks, and take them 
very seriously, we are of the opinion that they are sufficiently small in comparison to the 
value of the SEDS program to warrant its continued pursuit. 
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Research to Date 
Roadmap:  Performance Metrics vs Technology 
Our firm’s attainment of performance metrics that move inexorably forward toward our 
announced design goals directly tracks our history of bringing increasingly powerful 
technology into our system.  Our strategy to this point has been to introduce each logi-
cally indicated technology improvement, evaluate it and learn its impact on our system, 
and then proceed to the next logically indicated improvement. 
To date, each improvement step has either met or exceeded our expectations for that 
step, based on our models, and we plan to continue that process.  Since this strategy is 
conservative and incremental and avoids most opportunities for problematic results that 
require extensive analysis to correct, we have informally referred to it as the “No Failed 
Experiments” methodology. 
The following tables and graphs contain the details of a roadmap showing the attain-
ment of performance metrics to date as a function of step number, date, and technology 
introduction, accompanied by predictions of continuing progress toward our perform-
ance goals.  In addition to listing the major technology introductions, performance met-
rics, and parameters for each step, the roadmap contains a suite of metrics represent-
ing the following performance criteria: 

• Design FOM:  This is the figure of merit for the system as built for this step. 
Design FOM ≡ Efficiency * Detector Count * Detector Layers * Flux / Scintillator Speed 

• Realized FOM:  This is the Design Figure of Merit corrected for experimental choices 
made in terms of the subjectively rated decision to collect data until it was “beautiful” 
as opposed to marginally readable, as well as the estimated advantage of using a 
signal processing algorithm compared with eyeball estimates.  The Realized FOM is 
a measure of the quality of the experiment. 

Realized FOM ≡ Design FOM / ROC Advantage / SPA Advantage 

• Range FOM:  This is the figure of merit describing how the system should perform, 
based solely on range and atmospheric absorption scaling.  It is nominally an instan-
tiation of Equation 3) shown earlier. 

Range FOM ≡ Range4 * e(Range/2200) * e(Range/80000) 

• Range-Time FOM:  This is the figure of merit describing how the system should per-
form, based on both the Range FOM and the specified sampling time. 

Range-Time FOM ≡ Range FOM / √(Time) 

• State-of-the-Art Ratio  This is the ratio of Realized FOM to Range-Time FOM and 
represents the degree to which the actual experiment matches predictions. 

State-of-the-Art Ratio ≡ Realized FOM / Range-Time FOM Ratio 
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Step Date Neutron 
Source 
Technology

Scintillator 
Technology

Scintillator 
Speed, 
μsec

Detector 
Technology

Detector 
Efficiency

Detector 
Count

Detector 
Layers

Electronics 
Package

Total Flux, 
neutrons / 
sec

Target 
Range, 
cm

Sampling 
Time, sec

Signal 
Processing 
Algorithm

Signal 
Processing 
Algorithm 
[SPA] 
Advantage

ROC Point 
["data beauty"] 
[Expressed as Pd - 
Pfa - Number of 
Runs]

ROC Advantage ≡ 
Advantage from 
running until "extra-
beautiful" data was / 
is obtained

1 Mar-07 252Cf Source NaI(Tl) 100 PMT 30% 1 1 Canberra MCA 2.00E+05 5 120000 Visual 1 Conservative 5
2 Nov-07 DD-108 NaI(Tl) 100 PMT 30% 3 1 ORTEC MCA 1.20E+08 20 1200 Visual 1 Conservative 5
3 Jan-08 DD-109 NaI(Tl) 100 PMT 30% 3 1 ORTEC MCA 3.00E+08 25 1200 Visual 1 Conservative 5
4 Mar-08 DD-109 NaI(Tl) 10 PMT 30% 3 1 ORTEC MCA 1.50E+08 30 600 Visual 1 Conservative 5
5 May-08 DD-109 NaI(Tl) 10 PMT 30% 3 1 ORTEC MCA 2.50E+08 30 300 1 bin 2σ ratio 2 100% - 0% - 25 3
6 Jul-08 DD-109 NaI 1 PMT 30% 3 1 ORTEC MCA 5.00E+09 100 100 1 bin 2σ ratio 2 100% - 0% - 25 3

7 Jul-08 DD-109 NaI 1 PMT 30% 6 1 ORTEC MCA 5.00E+09 100 100 Advanced 3 100% - 0% - 25 3

8 Jul-08 DD-110 TBD 0.1 TBD 10% 100 5 TBD 3.00E+10 500 20 Advanced 3 100% - 0% - 25 3

9 Aug-08 DD-112 TBD 0.05 TBD 10% 1000 5 TBD 1.00E+11 1300 3 Advanced 3 95% - 5% - 25 1

10 Sep-08 DD-112 TBD 0.05 TBD 10% 1000 5 TBD 1.00E+12 2000 2 Advanced 3 95% - 5% - 25 1

To-Date and Date-Forward technical metrics and performance 

Step Date State-of-the-Art 
Ratio ≡ 
Realized FOM / 
Range-Time 
FOM Ratio

Constraint when this step started Improvement at this step Constraint after this step

Value Normalized Value Normalized Value Normalized Value Normalized
1 Mar-07 6.00E+02 1.00E+00 1.20E+02 1.00E+00 6.27E+02 1.00E+00 1.81E+00 1.00E+00 0.72 --- First time Source strength
2 Nov-07 1.08E+06 1.80E+03 2.16E+05 1.80E+03 1.62E+05 2.58E+02 4.67E+03 2.58E+03 0.50 Source strength Our own source Source strength
3 Jan-08 2.70E+06 4.50E+03 5.40E+05 4.50E+03 3.96E+05 6.32E+02 1.14E+04 6.32E+03 0.51 Source strength Bigger source Scintillator speed
4 Mar-08 1.35E+07 2.25E+04 2.70E+06 2.25E+04 8.24E+05 1.31E+03 3.36E+04 1.86E+04 0.87 Scintillator speed MCA optimization Signal processing
5 May-08 2.25E+07 3.75E+04 3.75E+06 3.13E+04 8.24E+05 1.31E+03 4.76E+04 2.63E+04 0.85 Signal processing Signal processing Scintillator speed
6 Jul-08 4.50E+09 7.50E+06 7.50E+08 6.25E+06 1.06E+08 1.69E+05 1.06E+07 5.86E+06 0.77 Scintillator speed Undoped NaI, allowing higher neutron flux More detectors, better signal 

processing
7 Jul-08 9.00E+09 1.50E+07 1.00E+09 8.33E+06 1.06E+08 1.69E+05 1.06E+07 5.86E+06 1.02 More detectors, better signal 

processing
6 detectors; characterization of signal processing New, more, faster 

scintillators, more flux
8 Jul-08 1.50E+13 2.50E+10 1.67E+12 1.39E+10 8.35E+10 1.33E+08 1.87E+10 1.03E+10 0.97 New, more, faster scintillators, 

more flux
New scintillators, avalanche photodiodes, higher 
flux

More scintillators, more flux, 
improved electronics

9 Aug-08 1.00E+15 1.67E+12 3.33E+14 2.78E+12 6.07E+12 9.68E+09 3.50E+12 1.94E+12 1.03 More scintillators, more flux, 
improved electronics

Introduction of DD-112 [not full power yet], full 
scintillator rack at full depth, better electronics

More flux, final electronics, 
final signal processing

10 Sep-08 1.00E+16 1.67E+13 3.33E+15 2.78E+13 5.10E+13 8.14E+10 3.61E+13 1.99E+13 1.00 More flux, final electronics, final 
signal processing

Full power, final scintillators, electronics, and 
signal processing

Ruggedize during Phase II

Design FOM ≡ 
Efficiency * Detector 

Count * Detector Layers 
* Flux / Scintillator Speed

Realized FOM ≡ 
Design FOM / 

ROC Advantage / 
SPA Advantage

Range FOM ≡ 
Range4 * e(Range/2200) * 

e(Range/80000)

Range-Time FOM ≡ 
Range FOM / √(Time)

To-Date and Date-Forward figures of merit [FOM] 
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SEDS Progress To-Date and Date-Forward
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Realized FOM Range-Time FOM Scintillator Speed, μsec
Detector Efficiency Detector Count Detector Layers
Total Flux, neutrons / sec Target Range, cm Sampling Time, sec
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Graphical display, integrated technology roadmap 
Currently, the opportunity exists to perform significant schedule compression by mas-
sively parallelizing the next technological steps.  This is due to the fact that logical next 
steps consist largely of scintillator material characterization, avalanche photodiode en-
gineering, signal processing development and testing, neutron source flux increases 
and modulation, and neutron source shuttering and beam.  Dependencies between 
these efforts will be minimal for at least the duration of the scintillator material down-
select milestone, allowing for the rapid progress illustrated in the roadmap. 

Today 
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Photos of Experimental Setup to Date: 
The following are representative photographs of our laboratory highlighting typical ex-
perimental setups.  For obvious reasons, setups change on a daily basis. 

 

   
Figures 23 and 24.  Details of a urea experiment. 

Data: 
The following set of experimental data demonstrates the ability to distinguish explosive 
simulant from dirt samples.  The dataset below was chosen for its ability to visually dis-

Figures 20 – 22: 
ABOVE:  DD-108, showing urea target in a low flux 

experiment. 
UPPER RIGHT:  Dr. Ken Ricci configuring an ex-

periment. 
RIGHT:  Details of a low-flux urea simulant experi-

ment with the DD-108.
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play the differences between simulant and background.  Only one dataset is shown, 
since most look similar, and more do not contribute additional visual understanding. 
Beyond the data shown, we have developed preliminary algorithms based on summing 
counts over energy bandwidths and comparing ratios that have shown extraordinary 
progress, bringing 30 minute counts shown below down to 5 minute counts.  Based on 
blind experiments, the algorithm distinguished real explosive 25 times out of 25 and dirt 
15 times out of 15, with a factor of 6 reduction in sampling time.  Since the data from 
these experiments is not visually distinguishable, however, the graphs are not pre-
sented in this document.  Algorithm details are available upon request. 
Interestingly, prevailing opinion in the TNAA community is that the approximately 3% 
energy resolution of NaI detectors at the 10 - 11 MeV energy range does not allow for 
the disambiguation of the 10.6 MeV 29Si line from the 10.83 MeV 14N line, which are 
only approximately 2% apart.  Under this climate of opinion, only HPGe detectors, with 
their well known 0.1% resolution, are presumed to be able to do this.  The data below, 
along with hundreds of other data samples we have taken, clearly demonstrates that 
such disambiguation is possible if the detection system has modest angular resolution. 

DD-108 Irradiating Urea Target at range 30 cm for 30 minutes
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Figure 25.  Example of urea simulant vs dirt. 
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Facilities 
REDWOOD CITY LABORATORY 

 

 

SEDS, 
LLC. 

SEDS, LLC. / 
Adelphi 
Technology 
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DD-108 108 Neutron Per Second Source: 
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DD-109 109 Neutron Per Second Source: 

 
DD-110 1010 Neutron Per Second Source: 
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Cost and Schedule Summary 
ROUGH ORDER OF MAGNITUDE (ROM) COST AND SCHEDULE 

Phase POP 
Months 

Cost Task Exit criteria Deliverables 

I 3 $1,500,000 Create TRL 4 
proof-of-concept 
device 

Exit Criteria: TRL 4 
laboratory device 
demonstration 

Demonstra-
tion data 

II 3 $1,800,000 Create TRL 5 
field testable 
brassboard de-
vice 

TRL 5 proving 
ground demonstra-
tion 

Proving 
ground re-
sults 

III 8 $5,700,000 Task: Build and 
deliver TRL 7 – 8 
Production De-
vice 

TRL 7 - 8 device 
ready for in-theater 
use 

TRL 7 - 8 
device with 
documenta-
tion 

TOTAL 14 $9,000,000    
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PHASE I WORK BREAKDOWN STRUCTURE 
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PHASE I RESOURCE SHEET 
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PHASE I TASK SUMMARY 
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Strategic Partnerships 
Naval Postgraduate School, Monterey, CA: 
Identifying faculty as potential Program Managers. 
Adelphi Technologies: 
We are in strategic partnership with Adelphi for neutron technology. 
Toyon Research: 
We have a long-term relationship with widely respected algorithm developer Toyon. 
Merlin Technologies: 
We have a strategic relationship with Merlin for security arrangements. 
National Nuclear Security Administration: 
Discussions to provide manufacturing support. 
Oak Ridge National Laboratories: 
Strategic relationship with HFIR/REDC for basic physics research. 
AMETEK/ORTEC: 
Strategic relationship with this major maker of gamma ray detection systems. 
BAE Systems: 
We have begun discussions with BAE Systems for vehicle integration engineering. 
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Government Agency Contacts 
We have received no government contracts or funds as of this writing. 
We have submitted proposals under 4 different solicitations, none of which has resulted 
in a contract. 
We briefed several agencies, as shown below. 
JIEDDO:.......................................BAA-07-01 submission; four briefings 
DNDO: .........................................BAA-07-01 submission; one briefing 
TSWG: .........................................BAA-07-Q-4057-04-05 submission; one briefing 
NSF:.............................................SBIR NSF-07-586 submission 
DHS: ...........................................HSAPPA BAAO7-05 submission 
CERDEC: .....................................One briefing 
US Army Chief Scientist: ...........One briefing 
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Qualifications and Expertise 
REDWOOD CITY LABORATORY 
SEDS, LLC: 
SEDS .maintains a 1,080 square foot laboratory facility at 2003 East Bayshore Boule-
vard in Redwood City, CA adjoining strategic partners Adelphi Systems.  The facility is 
tailored for the use of DD-109 and DD-110 devices, as well as for instrumentation and 
adjunct services.  The facility is approximately 80 miles from the US Naval Postgraduate 
School, a potential Government manager / partner in this effort. 
SEDS maintains a headquarters facility at 700 Tower Drive, Suite 500 in Troy, MI.  The 
headquarters houses administrative and legal staff.  This facility is conveniently located 
near the US Army TACOM facility in Warren, MI. 
SEDS also maintains a coordination office at 2534 Murrell Road in Santa Barbara, lo-
cated adjacent to potential subcontractors LaunchPoint Technologies and Toyon Re-
search. 
Adelphi Technologies: 
Adelphi Technology maintains a 5200 square foot office and laboratory facility at 2003 
East Bayshore Boulevard in Redwood City, CA, adjoining the SEDS, LLC facility. Adel-
phi has three experimental bays for neutrons, each equipped with one of Adelphi’s RF 
plasma neutron generators. Current generators models have maximum output from 108 
to 1010 neutrons per second using the deuterium-deuterium reaction, with higher output 
expected shortly. 
Equipment inventory includes neutron detectors, radiation monitors, an HPGe gamma 
detector, imaging x-ray cameras, photomultiplier tubes, high-voltage supplies, LN2 facili-
ties, extensive water cooling systems, processing electronics, and a range of computers 
and computer controlled data acquisition equipment, as well as a small machine shop.  
Strategic relationships exist with Stanford university, the University of California at 
Berkeley, and the DOE’s Lawrence Livermore and Lawrence Berkeley Laboratories, as 
well as local chemistry laboratories, machine shops, and related custom fabrication fa-
cilities. 
Merlin Technologies: 
Merlin Technologies has a 35-year history of technology contracting with DoD, DoE, 
and other US Government entities, primarily on classified programs, as well as com-
mercial companies.  The firm maintains a “closed” classified facility to the SECRET 
level, including storage and communications, with STU-III phones, to NISPOM stan-
dards.  A restoration to the firm’s prior level of TS/SSBI-PR is in progress. 
References will be provided on authorized request. 
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Appendix – Qualifications and Expertise: CVs of Key Staff 
Mr. Wayne B. Norris, Principal Investigator 
Wayne B. Norris is Chief Scientist of SEDS, LLC.  Mr. Norris has 39 years of experience 
in scientific research, engineering, software development, corporate management, fi-
nance, accounting, and sales/marketing. 
Mr. Norris has served as a research physicist, infrared systems engineer, software sys-
tems analyst, and engineering, sales, and management consultant with Rockwell, Gen-
eral Research Corporation, Raytheon, GM Delco, ITT /Vandenberg AFT, Control Data 
Corporation, McDonnell Douglas, Edwards AFB, AlliedSignal, the Ballistic Missile De-
fense Advanced Technology Center in Huntsville, AL, the Strategic Defense Initiative 
Office [SDIO] in Washington, DC, and the intelligence community, among others. His 
projects include analysis of moon rocks from Apollos 11 and 12, simulation of micro-
wave remote sensing satellites, modeling of nuclear radiation effects, neutron transport, 
military ground- and satellite-based communications equipment dosing responses for 
the Defense Nuclear Agency, counterterrorism research and planning, physical security 
perimeter detection systems, flight safety software for the Minuteman ICBM, Titan 
launch vehicle, and Peacekeeper ICBM systems, deterministic simulation of the fire 
control software on the M-1 Abrams tank, system design on the Raytheon AN/SLQ-32 
shipboard fire control system, software design on the International Space Station, Nu-
meric-based AI analysis of polygraph data and other observable human signals, includ-
ing facial microgestures and voice spectral and discourse content analysis and exploita-
tion in the intelligence community, analysis of Red-SIOP laydown, LEAP vehicle heat 
flow parameters, electromagnetic rail gun dynamics for SDIO, and numerous others. He 
is a graduate of the Defense Industrial Security Clearance Office [DISCO] Industrial Se-
curity Management School, was the DOD security manager for a defense contractor, 
and was a counterespionage consultant. 
Mr. Norris also has extensive experience in the oil and gas industry, serving as a con-
sultant to Chevron, Unocal, Phillips, and Texaco, in addition to independent operators of 
oil production and transportation facilities.  He acted as the Chief Scientist for the devel-
opment of the federally mandated OSCEPs [Oil Spill Contingency and Emergency 
Plans] produced for Chevron’s offshore oil drilling platforms in the Santa Barbara Chan-
nel. 
Mr. Norris is trained as an SEC-reporting accountant and has served in that capacity 
with several firms. He has also served as an expert witness in State and Federal Court 
in technology, patent, corporate governance, and intellectual property issues, including 
Microsoft Corporation v. Commissioner of Internal Revenue – at $1.7 billion and with 48 
corporate taxpayer entities, the largest tax case in world history – where he acted as the 
government's chief expert on software development issues. 
Mr. Norris has acted as a senior manager and board member in numerous firms, and 
has a lifetime total of $17 million in sales of technology products and services. He has 
made technical and sales presentations to more than 100 audiences and numerous ap-
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pearances on radio and TV, including an appearance on CNN’s Anderson Cooper 360º 
regarding the detection of liquid explosives on airline passengers. 
Mr. Norris holds a bachelor's degree in Physics from the University of California, Santa 
Barbara, with postgraduate work in Physics, Mathematics, and Accounting. He is a 
member of the Lions Club International, the Association of the United States Army 
[AUSA], the Institute of Electrical and Electronics Engineers [IEEE], and the Association 
of Old Crows [AOC], the electronic warfare professional organization. 
Publications: 

• "Time-Resolved Emission Spectroscopy in Acetylene/Oxygen Explosions", Combus-
tion and Flame Journal, February 1970 (with R.J. Oldman and H.P. Broida)  

• "The Brightness Temperature of the Terrestrial Sky at 2.69 GHz", Journal of Atmos-
pheric Physics, October 1972 (with W.W. Ho, G.M. Hidy, M.J. Van Melle, W. Hall, and 
H. Wang)  
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Dr. Ken Ricci, Ph.D., Senior Engineering Physicist, BOSSdev, Inc. 
Education 

• Stanford University: Doctor of Philosophy, Physics, 2000; Master of Science, Phys-
ics, 1996 

• Massachusetts Institute of Technology: Bachelor of Science, Physics, 1993; Bache-
lor of Science, Literature, 1993 

Employment 
2006 – Present: Senior Physicist: BOSSdev, Inc. / LaunchPoint Technologies, Inc., Go-
leta, CA 

• Chief Detector Physicist for LaunchPoint’s collaboration with BOSSgov Inc’s 
Standoff Explosives Detection System 

• Modeling and measurement of electromagnetic fields, heat transfer, and radiation 

• Engineering and cost analysis for cryogenic, vacuum, and superconducting sys-
tems 

• Mechanical, vibrational, and stability analysis for magnetically levitated structures 
2005 – Present  Consultant: DBI Operating Company, San Leandro, CA 

• Mechanical, thermal, and radiation design and analysis of fuel loading, neutron 
transport, fission criticality, reactor control, gamma-ray shielding, and heat trans-
fer from a proposed 100-Megawatt thorium-powered nuclear reactor for produc-
tion of electricity, steam, and hydrogen fuel. 

2003 – Present  Senior Physicist:  Los Gatos Research Inc., Mountain View, CA 

• Developed and validated algorithms for ultra-sensitive CH4, CO2, CO, HF, and O2 
gas concentration and isotope ratio measurements using Integrated Cavity Output 
Spectrometer (ICOS) technique. 

2003  Senior Research Scientist:  Bay Area Environmental Research Institute, NASA 
Ames Research Center, Moffet Field, CA 

• Analysis of optical properties, and potential effects on global climate, of smoke, 
dust and clouds measured by airborne cavity ringdown spectrometer (CRDS) 
during the DOE Aerosol Intensive Operating Period field experiment.  

• Software and electronics development, calibration and characterization for NASA 
Ames Earth Science Division’s Cadenza II CRDS airborne spectrometer for 
aerosol science. 
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2000 – 2003  Research Scientist:  Picarro Incorporated, Sunnyvale, CA 

• Developed spectral methods to measure stable carbon isotope ratio in air; imple-
mented algorithms in Matlab; wrote intellectual property documents on the pat-
entable aspects of these algorithms. 

• Designed and simulated the optical train and assembly protocol of a high-
precision, 40mm footprint, telecom laser infrared wavemeter; led prototype team of 
2 scientists and 2 engineers to build, test, and certify the first 12 prototypes; wrote 
intellectual property documents for this prototype. 

1993  - 2000  Free Electron Laser/Superconducting Accelerator Center, Stanford Uni-
versity, Stanford, CA 

• Developed new femtosecond electronic and optical diagnostics for relativistic 
electron beams in a linear accelerator and a far-infrared free electron laser (FEL).  
Made the first direct observations of FEL-induced microbunching in a relativistic 
electron beam.  Designed, built, and characterized a Fourier-transform infrared 
(FTIR) spectrometer for the far-infrared and submillimeter wavelength ranges, in-
cluding development of cryogenically cooled detectors, optical filters, attenuators, 
beamsplitters, electrical amplifiers, and high vacuum systems. 

1990 – 1993  Defense Meteorological Satellite Program, The Aerospace Corporation, El 
Segundo, CA 

• Wrote software based on boundary layer fluid dynamics theory to derive the ma-
rine surface wind velocity field from satellite microwave image data; evaluated 
this model by comparing it to field measurements. 

1992-1993  MIT, Research Lab for Electronics, Cambridge, MA 

• Developed a heterodyne technique to measure the power, phase, and frequency 
characteristics of a pulsed high-power free-electron laser microwave amplifier.  
Used scintillation detectors to measure X-ray flux from high-current MeV electron 
beam, and to optimize lead shielding geometry for instruments and personnel. 

Selected Publications 
E.R.Crosson, K.N. Ricci, B.A. Richman, A.A. Kachanov, F.C. Chilese, T.G. Owano, R.A. 

Provencal, M.W. Todd, J.M. Glasser, B.A. Paldus, T.G. Spence, and R.N. Zare, 
“Stable isotope ratios using cavity ring-down spectroscopy: determination of 13C 
/ 12C for carbon dioxide in human breath,” Analytical Chemistry, vol. 74, No. 9, 
2002. 

K.N. Ricci, T.I. Smith, "Longitudinal electron beam and free electron laser microbunch 
measurements using off-phase RF acceleration," Physical Review AB, vol. 3, p. 
32801, (2000). 
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K.N. Ricci, E. R. Crosson, T. I. Smith, "Direct measurement of electron bunch shapes 
and coherent undulator radiation produced by 100 femtosecond structure," Nu-
clear Instruments and Methods, Section A, vol. 445, p. 333, 2000. 

K.W. Berryman, E.R. Crosson, K.N. Ricci and T.I. Smith. “Coherent spontaneous radia-
tion from highly bunched electron beams,” Nuclear Instruments and Methods, 
Section A, vol. 375, p. 526, 1996.  

G. Bekefi, K. Ricci, P. Volfbeyn, and B. Chen. “Observations of frequency chirping and 
phase of a free electron laser amplifier,” Nuclear Instruments and Methods, Sec-
tion A, vol. 341, p. 119, 1994.  

Selected Conference Presentations 
K.N. Ricci, T.I. Smith and E.R. Crosson. “Electron bunch profile measurements with 300 

femtosecond resolution,” Proceedings of the Twentieth International FEL Confer-
ence, 1998. 

K.N. Ricci, T.I. Smith, and E.R. Crosson. “Sub-picosecond electron bunch profile meas-
urements using magnetic longitudinal dispersion and off-phase RF acceleration,” 
AIP Conference Proceedings: Advanced Accelerator Concepts Workshop, 1998. 

K.N. Ricci, E.R. Crosson, and T.I. Smith, “Longitudinal electron bunch measurements 
using transition radiation in vacuum,” Proceedings of the Eighteenth International 
FEL Conference, 1996. 

D.J. Boucher, K.N. Ricci, A. Kishi. “A simple model for deriving ocean surface wind di-
rection from the DMSP Special Sensor Microwave Imager,” Proceedings of the 
International Geoscience and Remote Sensing Symposium, vol. 3, p. 1704, 
1996. 

P. Volfbeyn, G. Bekefi, K. Ricci. “Measurement of the temporal and spatial phase varia-
tions of a pulsed free electron laser amplifier,” IEEE Transactions of Plasma Sci-
ence, vol. 22 p. 659, 1994. 

K. Ricci, P. Volfbeyn, and G. Bekefi. “Observation of frequency, phase and saturation 
characteristics of a Raman free electron laser amplifier,” IEEE Abstracts: Confer-
ence on Plasma Science p. 174, 1993. 
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Dr. Melvin Piestrup, Ph.D., Founder and President, Adelphi Technology, Inc. 
Dr. Piestrup has had forty years of experience in developing x-ray and neutron sources 
with accompanied optics.  For the past three years he and his colleagues at Adelphi 
have been working closely with researchers at the Lawrence Berkeley National Labora-
tory to develop commercially available fast thermal neutron sources.  In this period he 
and his colleagues have also developed new x-ray and neutron optics for radiography 
and microscopy.  He has 125 journal publications and seven patents in the areas of x-
ray and neutron sources, x-ray and neutron optics and medical imaging.  He received 
his B.S. and M.S. degrees in Electrical Engineering from the University of California at 
Berkeley and his Ph.D. from Stanford University in 1972.  While at Berkeley he was a 
student-athlete playing football under the legendary coaches Bill Walsh and Marv Levy. 
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Dr. Charles Gary, Ph.D., Vice President, Adelphi Technology, Inc. 
Dr. Gary has over fifteen years of experience working in the generation, detection, and 
control of x-ray and neutron radiation.  As Vice President of Operations, he has primary 
responsibility for Adelphi’s manufacturing work.  His technical experience includes the 
manufacture and operation of Adelphi’s neutron generators, the design and develop-
ment of Adelphi’s nanotomography system, capable of submicron 3-D x-ray imaging, 
the development of a microspot betatron, a compact, high-brightness x-ray and γ-ray 
source and he was principal investigator in the development of a porous microwell x-ray 
detector.  Dr. Gary has over 50 publications and 3 patents.  Prior to joining Adelphi 
Technology he managed the ten-person Information Physics Group at the NASA Ames 
Research Center working on optical information processing technology; the group won 
achievement awards for work on the X-33 reusable launch vehicle and the development 
of fiber optic sensors.  He received his B.S., M.S. and Ph.D. degrees in Electrical Engi-
neering from Stanford University in 1986, 1988 and 1990 respectively and a Diploma in 
Business Administration from Heriot-Watt University (Edinburg, Scotland) in 2004. 
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Dr. J. Theodore Cemer, Ph.D., Adelphi Technology, Inc. 
Dr Cremer has a diverse experimental and theoretical background that includes neutron 
sources and optics. He is currently the Principal Investigator of a US Army Phase II 
SBIR to develop detection methods for explosives. The objective of this R&D program is 
to develop g-ray detector capable of detecting specific atomic species (e.g. N and O) of 
composite materials such as explosives, nuclear materials and drugs.  The detector will 
detect nuclear resonance fluorescence (NFR) characteristic lines from specific atoms 
without using time-consuming pulse-height analysis.  The detectors will be sufficiently 
inexpensive to permit their incorporation into either linear or large-area arrays for detec-
tion and imaging. The research will proceed by the design, fabrication, and testing of a 
prototype detector capable of detecting a specific atomic species (e.g. nitrogen) from a 
composite material without pulse-height analysis. A major goal will be to achieve a large 
area, sensitive detectors capable of rapid identification. In addition he is the Principal 
Investigator of a NSF Phase II SBIR to develop a fast neutron radiographic imaging sys-
tem of non-destructive detection and inspection. Dr. Cremer heads the neutron- and x-
ray-lens design group at Adelphi and has developed several design programs for lenses 
that can be used for both x-rays and neutrons.   Recently, he and his colleagues have 
used the neutron microscope obtaining the first images of both mechanical objects and 
biological objects with magnifications ranging from 9X to 35X.  Adelphi holds the US 
patent rights for this instrument.  This microscope promises to bring high-resolution im-
aging to neutron radiography.  
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Mr. Michael Fuller, Vice President, Adelphi Technology, Inc. 
Mr. Fuller has over 20 years experience in marketing and selling radiation optics and 
systems, having previously worked for Osmic, Inc. a radiation-optics company, and 
Kevex X-Ray, an x-ray tube manufacturer.  Previously, he was Business Director at 
Lansmont Corporation, a test equipment manufacturer and exporter.  In his role at 
Adelphi, he continues his established activities in technology licensing, product specifi-
cations, and market and applications research.  He oversees customer relations proc-
esses including partnering opportunity development.  Mr. Fuller began his career at the 
Lawrence Livermore Lab researching nuclear fusion, the same core technique currently 
used in the Adelphi analyzer. 
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Mr. David Martinez, AMETEK, Advance Measurement Technology, Inc. 
Regional Key Account Manager, US West Coast 1995-present 
AMT designs and manufactures instrument components, systems, and software for nu-
clear spectrometry, mass spectrometry, and explosive and chemical weapons detection.  
AMT also manufactures High Purity Germanium (HPGe) gamma ray detectors and sili-
con, ion-implanted, alpha and beta detectors that are used by commercial and research 
laboratories domestic and internationally.  AMT, based in Oak Ridge, TN, has worldwide 
distribution with 2 Service Centers and 8 personnel in the North American region, one 
international Service Center, and 35 sales personnel outside the US. 
Mr. Fuller is responsible for Western Key Account Sales Management and Supervision 
of two Account Managers in Northwest and Southwest US regions.  Selected key ac-
counts include: Lawrence Livermore National Laboratory (LLNL), Lawrence Berkeley 
National Laboratory (LBL), Los Alamos National Laboratory, Pacific Northwest National 
Laboratory (PNNL), US EPA, US Navy, University of California, Stanford University, and 
US Department of Energy. 
Achievements 
• Presented growth plan and tactics to management that became the AMT Key Ac-

count strategy leading to 6 consecutive years of growth. 

• With key customers, developed innovative product ideas and marketing plans that 
led to production of 3 new products exclusive to AMT and used throughout the world 
for Counter-terrorism applications. 

• Maintained strong customer relationships whereby competitive bidding is eliminated 
and 90 percent of orders are sole-sourced to AMT. 

• Managed and developed mutually beneficial business opportunities with AMT alli-
ance partners. 

• Worked closely with small accounts to develop well aligned applications to existing 
AMT markets. 

Tetra Tech (formerly PRC Environmental Mgmt., Inc.), Environmental Toxicologist 
1990-1995 
PRC designs and manages environmental restoration, waste management, health 
physics, industrial hygiene, and environmental worker health and safety projects for 
federal, state, and commercial clients.  These projects include US EPA Superfund sites 
at several locations throughout the US. 
Responsible for project management of radiological investigations and Health and 
Safety.  Project manager, radiation safety officer, and technical lead for support of radio-
logical restoration activities for US Navy environmental programs. 
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Achievements 
Managed and completed field operations supporting a 2-year project to assess extent 
and depth of radiological contamination at a 30 acre waste disposal site.  Provided 
health physics and radiation detection equipment training to employees, Navy person-
nel, and project subcontractors.  
Responsible for the selection of environmental and industrial hygiene monitoring 
equipment to assess worker exposure to a variety of chemical and physical agents.  
Negotiated with state regulatory agencies to allow use of innovative radiation investiga-
tion technologies and techniques to accelerate clean up of naval bases in California. 
Education 
B.S., Environmental Toxicology, University of California, Davis, CA, 1990 
A.A., Saint Leo College, Ft. Walton Beach, FL, 1983 


