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PERSPECTIVE 

Because the conference focuses on explosives detection, that 
topic is my central paradigm--an example within the context of a 
broader multi-dimensional security problem. 

Three dimensions that extend from the explosives paradigm are the 
scope of illicit substances, the availability of suitable 
technologies, and the points of control. These are factors that 
broaden the security implications of the central paradigm. 

For example, the capability to detect high-explosives means that 
other illicit substances (such as nuclear materials) could be 
detected as well; this logical extension of capability is a 
collateral benefit that grows out of, and is compatible with, 
some methods for explosive detection. 

The simultaneous use of complementary measurement techniques is a 
dimension associated with the choice of inspection technology, 
whether based on nuclear or non-nuclear physical principles, 
within the context of suitability and cost. 

The third dimension to the security paradigm is related to the 
site-specific control points for detection, such as fixed 
installations or  moving vehicles, stationary objects or 
transported items. 

The diagram in Fig. 1 visualizes this multi-dimensional 
perspective. Orthogonal axes define conceptual directions that 
center about the paradigm of explosives detection. Although 
other paradigms could be chosen, centering about explosives helps 
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describe the value resulting from integration of illicit-material 
detection. 

One reason for choosing high-explosives as the paradigm is that the 
explosives present important and challenging applications of the 
technologies. Many security problems and situations are linked to 
illegal explosives. While some of these situations differ because 
of institutional, regulatory, commercial, and legal factors, a 
fairly definitive subset of conditions applies to the detection of 
explosives, especially at airports. 

Another reason for focusing on explosives is that they are 
difficult to detect. Their density and chemical composition are 
similar in many respects to other innocuous materials; small 
amounts are adequate to wreak havoc; and explosives lack the 
electromagnetic or radioactive properties that permit other illicit 
materials to be more easily sensed. When concealed in typical 
luggage, high-explosives provide a significant challenge to 
detection technology. 

ILLICIT SUBSTANCES 

What are some of the illicit substances that are likely to be 
detectable in real-time by a synergistic system? Some that are 
of national and international security concern include high- 
explosives, firearms, ammunition, detonators, fissionable and 
radioactive materials, and lethal chemical agents. Additional 
trafficking that might violate laws includes narcotics, currency, 
and precious metals. 

At little added cost, 
identify other illicit 
drugs, toxic chemicals, 

techniques that detect explosives can 
substances, especially nuclear materials, 
and firearms. 1 # 2  

CONTROL POINTS 

Locations for control of illicit materials include airports, 
seaports, railroad stations, post off ices, border crossings; 
coastlines, as well as government, nuclear, and public 
facilities. The suitability of any particular combination of 
inspection equipment depends also on the mode of material 
transport-such as personal, hand-carried, checked luggage or 
cargo, automobiles, trucks, mail, containers, aircraft, boats, 
etc. 

Which of these control points are supplied with inspection 
equipment hinges on their vulnerability, traffic levels, 
perceived threats, cost, size, operational complexity, and other 
factors. 
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NON-NUCLEAR TECHNOLOGIES 

For convenience, explosive-detection technologies can be 
partitioned between non-nuclear and nuclear methods. While the 
remainder of my presentation concentrates on the integration of 
nuclear techniques to detect illicit materials, non-nuclear 
techniques would continue play an essential and complementary 
role in field examination, as some do now in standalone 
operation. 

Separate sessions is this conference contain presentations that 
describe the foremost non-nuclear technologies presently in use 
or proposed fox explosives detection. 

The methods that rely on the escape of vapors include animal 
olfactory and optical recognition. Some methods under 
development are based on special properties of explosives. 

Although many of the non-nuclear technologies are already proven 
to be reliable and operate at low cost, they have shortcomings 
that can be offset if they were combined synergisticly with 
nuclear techniques. 

NUCLEAR TECHNOLOGIES 

The strength of nuclear technologies is their ability to 
effectively "see" inside closed containers. The primary 
radiation probes used by nuclear technologies are x-rays and 
neutrons. Each has its own distinctive advantages and 
disadvantages. 

X-rav Imaainq 
X-ray imaging is universally used because of high-grade 
resolution of objects that have mechanical configurations similar 
to those expected in explosive devices. Development of CT 
scanning has added a three-dimensional perspective, and 
application of dual-energy x-rays improves mass-density 
discrimination. 

Although feature extraction will undoubtedly improve, x-ray 
techniques have inherent limitations (1) in detection of the 
actual- explosive material (false negatives) and ( 2 )  in 
misinterpretion of benign configurations (false positives). The 
false alarm rate is impacted by threat perceptions and commercial 
factors. 

Neutronic Interroqat ion 
Neutrons have the ability to penetrate deeply into objects with a 
range sufficient to provide information from transmission 
attenuation or scattering characteristics. They can also be used 
to image objects (somewhat coarsely compared to x-rays) and to 
provide chemical-specific identification of materials. The 
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remaining discussion about nuclear technologies will concentrate on 
neutronic interrogation. 

Chemical recognition is one of the benefits of probing with 
neutrons. Low-energy neutrons can produce energetic gamma rays 
from capture in nitrogen; this has been the basis of the thermal- 
neutron activation (TNA) methods that had been commercialized. Two 
limitations of the TNA method are its short range of low-energy 
thermal neutrons and its singular dependence on detection of 
nitrogen, which is common in many benign substances. 

These problems are minimized by high-energy neutrons, which are 
used in two methods of interrogation also described in this 
session; both take advantage of differences in neutron transmission 
through an object. 

Another alternative would be elastic neutron scattering, which is 
sensitive to the mass of the nucleus that differs for each chemical 
element. Papers describing this potential method have been 
p~blished,~ and a summary update is given in today's poster 
session. 

Inelastic Neutron Scatterinq 
The technology to be described with more detail in this 
presentation relies on inelastic neutron scattering to obtain 
chemical-specific explosives identification. When fast neutrons 
scatter inelastically from nuclei, they often lose energy by 
creating distinctive high-energy gamma rays. These gamma rays have 
a high probability of emerging fromthe object and being detected. 

Inelastic neutron scattering probabilities (cross-sections) are 
reasonably high and approximately the same for all chemical 
elements with atomic numbers above boron. Also, 14-MeV source 
neutrons penetrate deeply into objects. As a result, both neutral 
the interrogation particles and reaction products have high 
penetrability and little collateral hazard. 

More than a decade of laboratory development, testing, and field 
experience has been accumulated for methods that rely on inelastic 
scattering of fast neutrons. One approach employs pulsed neutrons 
and the other depends on a continuous source of neutrons. The 
differences between the two approaches deal with issues of cost, 
equipment footprint, and operation rather than the underlying 
physics. So while the following exposition will focus on the 
continuous neutron source, the physical principles apply to both. 

Fieldable Neutron Generator 
A type of accelerator neutron source that makes a useful compromise 
between fieldability, cost, and utility is the Associated-Tarticle 
Sealed-Tube Neutron Generator (APSTNG).4t5 Still being developed 
and improved, its availability is relatively limited. Based 
primarily on time-of-flight measurements of inelastic neutron 
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scattering, the associated-particle technique provides a useful 3-  
dimensional mapping of chemical components in objects such as 
checked luggage or shipping packages. 

The physical principles supporting the APSTNG continuous source of 
fast neutrons are illustrated in Fig. 2, which shows that neutrons 
emitted 'in the forward-angle cone are directly associated with 
corresponding alpha particles detected in the back-angle cone. 
This feature creates the neutron-gamma interaction timing that 
allows three-dimensional chemical-specific imaging of small volumes 
within an object. 

The accelerator is engineered within a small sealed tube, as shown 
in Fig. 3 (which has been included in the poster titled "Neutron 
Generator for Detection of Explosives") Because the entire 
accelerator is contained in a compact sealed tube, it is field 
usable and replaceable without special skills. 

An example of the apparatus assembled for laboratory testing is 
given in Fig. 4 .  The size of the system could be considerably 
condensed with integrated electronics. The basic components of the 
system are schematically indicated in Fig. 5 .  

A large detector array would be used for applications such as 
examination of checked airport luggage, as illustrated 
schematically in Fig. 6. 

More details on the equipment and status of this system are 
included in the poster display. The main point is that the APSTNG 
has undergone several evolutions of laboratory testing and 
development. 

The APSTNG is effective in sorting the characteristic reactions 
from background, so that information on ratios of chemical 
constituents can be derived. These ratios are definitive in 
identifying explosives and other contraband. Since fission and 
capture radiation are also detectable, the associated-particle 
technique offers sensitivity and versatility to the full range of 
potential smuggled goods. 

For nuclear materials, only active neutron-generating techniques 
have the capability of detecting all of them in this context. In 
addition, such techniques distinguish explosives and other 
contraband. Radiation after-effects are minimized by short bursts 
or low doses of fast neutrons, coupled with high detection 
efficiency. 

ExPlosive and Druq Detection Measurements 
Many explosives and explosive configurations have been -studied. 
Some measured data are shown in Figs. 7, 8, and 9. Fig. 7 is an 
example of a 15-s measurement of 1 kg C - 4 .  Plotted on the abscissa 
is the measured carbon/oxygen ratio and on the ordinate is the 
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measured nitrogen/carbon ratio. Explosives have distinctive 
combinations of ratios, outlined by dashed regions, w h i c h  reflect 
measurement confidence. 

Because normal surroundings and deliberate masking could result in 
data tha-t competes with explosives, the collected information must 
be thordughly analyzed by automated techniques. Chemical ratios 
expected for other materials commonly found in luggage or cargo are 
included in Fig. 7 ,  which confirms that explosives can be 
distinguished by their chemical-specific characteristics. 
Concealment of explosives in a shipment of meat would be 
discovered, as shown with the 2-s measurements in Fig. 8 ;  meats 
have chemical ratios that fall in the lower-left corner of the two- 
dimensional pattern. In other words, interrogation by fast 
neutrons has demonstrated a capability to sort between explosives 
and other accompanying materials. 

As for narcotics detection, cocaine hidden in fish was found within 
4 s, according to the characteristic N, C, and 0 ratios in Fig. 9 .  
Of course, the other chemicals in narcotics are detectable as well, 
so that additional information is available to reinforce substance 
identification. 

Redesigned technology to perform these measurements has recently 
been manufactured commercially. We are now assembling the new, 
smaller system in preparation for a round of laboratory and field 
measurements. In the meantime, computer modeling, detector 
development, and algorithm evolution are continuing. Nevertheless, 
much remains to be done to implement a cost-effective, user- 
friendly associated-particle system. 

INTEGRATION OF TECHNOLOGIES 

Although neutronic techniques are not sufficiently field proven 
and are costly in single prototypes, their potential advantages 
counterbalance the disadvantages of non-nuclear technologies. 
The neutronic methods hold better promise of chemical-specific 
explosive and contraband detection. So how would these systems 
work together to capitalize on their respective advantages and 
offset their disadvantages? 

Returning to Fig. 1, which illustrates the notion of a multi- 
dimensional security challenge, let us now reexamine each of the 
axes. 

Along the axis for illicit substances, there is a wide range of 
applications: explosives, drugs, poisons, and nuclear materials. 
Together, the nuclear and non-nuclear methods sharing the 
technology axis can complement respective weaknesses so khat most 
of the dangerous substances can be cost effectively detected. 
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For example, combining x-ray imaging with a neutronic probe would 
link high resolution images with chemical-specific compositions. 

Several neutronic technologies, such as transmission, ineiastic, 
and elastic scattering reinforce each other. 

The thi& orthogonal axis, points of control, a l so  has a strong 
influence on the mix of technology and application. Small objects 
might be subject to inspection equipment anywhere, but larger 
objects such as cargo containers would have to be channelled 
through specific sites. 

Thus, one vision of a synergistic system fo r  high considerable 
throughput consists of a combination of non-nuclear and nuclear 
equipment in an optimized arrangement. The nuclear part would 
contain a high-resolution dual-energy x-ray unit coupled with a 
low-resolution neutronic probe, the latter detecting gamma rays 
from inelastic fast-neutron reactions and neutrons from 
transmission. The non-nuclear part of the system would have vapor 
and electromagnetic sensors, in addition to optornechanical feedback 
for position, size, and speed control. 

In conclusion, the central paradigm illustrated in my presentation 
has been explosives detection at airports using chemical-specific 
technology. Yet a suitable integration of technologies will expand 
the scope of illicit substance detection at a wider range of 
control points. 
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&vjauons ~ t '  count statisttcs for a ?-second 
rnent of 1 kg of meat. With high probability. 

3t IS identified as a foodstuff rather than 
cxpiosives or cgntraband, indicating a very low false 
alvm rate for monitoring foodstuffs. In Fig. 13, a 
two-standarddeviation box is shown for a Csecond 
m w u n m n t  of 1 kg of cocaine in fish. ("be cocaine 
is assumed to OCCUPY only one volume element.) The 
item is identified as suspicious. since it is not just fish, 
and is thought probably to be cocaine, since it is not 
amphetamines (it could be plastic, but plastic in fish 
would be a bizam, tare, suspicious cv ) . - - - -  
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These simpIe computations and the underlying 
laboratory data can be considered as comprising a 
feasibility study for the application of an APSRJG 
system to monitoring contraband explosives and drugs, 
but an of course no substitute for analysis of 
laboratory measurement of realistic mockups and actual 
field trids of prototype units. The presence of 
noncontraband materials (attenuation and scattering 
effects and the complex arrangements of many diverse 
items that may normally appear) and deception 
anempts (such as explosives and drugs in sheet form, 
shielding, judicious placement of noncontraband 
materials. and adulteration of drugs) have not been 
considered. On the other hand. much more powerful 
detection algorithms can be developed. chat unlite 
matenal densities dmctly along with full spccbal 
regression fining. adaptive learnmg processes, and 
external mformation from other surveillance methods 

APSTNG portal monitoring systems for cargo container 
and truck inspection arc beyond the s c o p ~  of this 
paper, but arc described in Ref. 4. Multiple APSTNG 
systems will be required in maay cases for Iargc 
inspection volumes, in order to shorten irrspection 
times. A two-stage inspectiOn manguncnt in which 
the i7.r~ stage scarcbcs for suspicious cargo over the 
full container, ami a second stage identifies contrabend 
rather precisely for offloaded suspicious cargo, shoakf 
be cost-effective in recovering most of the contraband 
and in reducing labor in offloading-reloading and 
unpacking-repacking caused by false alarms. 

4. Advanced APSTNG Systtm 

In order to meet field criteria for a number of 
important applications. it is necessary to develop an 
APSTNG system of moet advanced design. The NDS- 
type APSTNG system has proved itself in the 
laboratory, but additional improvements will be needed. 
Although the NDS neutron tube proved to be reIiable, 
time critical applications demand higher neutron output 
and longer life in terms of integrated neutron output. 
and field use requites morr: rugged construction, 
particularly a rugged accelerator bead and Hv 
coupling. The NDS HV conero~ unit initially perform4 
satisfactorily, but as it  aged, it began to malfuncUon, 
giving spurious meter readings and experiencing 
repetitive HV breakdown and arcing. apparently 
creating voltage and current surges in the neutron tubes 
that caused them to fail. 
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