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Abstract - We are developing a new device for explosive aretrébal detection using the Associated Particle
Imaging (API) technology and based on a new Assedi®article Sealed Tube Neutron Generator (APSTNG)
which specifications comply with one of the bastguirements of a portable device: it must be ligur
objective is to have a total weight lower than #6s This includes the neutron generator, its Velpply, the
detectors, the data acquisition system and aletbéetronics. Everything is in a suitcase that carpbt near an
object the contents of which one wants to know. R@nutes are enough to identify what is inside timdetect
illicit materials as explosives or chemicals. Ttewide will be globally described and the first ledtory results
will be presented.

1. Context

For years the growth and marketing of neutron teldgy in the industry was to satisfy the
need for material analysis. This marketing successie primarily to the unique capacities of
the neutron to provoke reactions with the atomsctvlaillows the identification of these atoms
by the gamma radiation emission which are createtl secondly in the capacities of the
technology and the industry to conceive and toizeahstruments able to fulfil the safety
regulations and industrial constraints.

The application of neutron technology in the fiefdHomeland Security (detection of illicit or
dangerous materials, explosives, drugs, chemicapwes, nuclear materials or CRNE) are
coming late with regard to the purely industrialpkgations (identified as "mining
applications” in the broad sense) such as themmdnalysis of cement raw mix, coal, nickel,
copper ore, and oil logging. There are now sevewdred commercial neutron analysers
installed throughout the world.

This development schedule is due to three maj@orea

1 — The need for detection of illicit materialsrecent due to Homeland Security evolving
requirements and threats. We can consider 9/11/2804 starting date, even if the subject
was previously touched upon, in particular with FAKht safety standards. The associated
developments are also relatively recent.

2 - The technical objectives are much more diftitcalachieve. Broadly speaking, the major
difference is that in mining applications the custos desires to know the average
composition of a sample of several kilograms, oernegeveral tons in the conveyor belt
analyzers, whereas in the Homeland Security agmtsthe need is to identify the presence
of a few hundreds of grams of a particular matenaeveral kilograms (the weight of a piece
of luggage) or in several tons (a maritime contafaeinstance). In short, one asks in the first
case what the object, in a whole, is composed fsdrareas in the second case one asks what
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is the composition of each sub part of an objedth \& given precision. The size of the
subparts must be coherent with the nature of theathwhich we wish to counter. And the
common sense tells us that if we want to measutte tive same relative precision the atomic
composition of 500 grams and that of 50 kilograms need the same quantity of information
in both cases. We shall thus need roughly 100 tmme® signal, for instance 100 times more
detectors all things being equal in a typical aggilon for Homeland Security than in a
"mining" application.

3 - The context of safety and radioprotection iscmwmore stringent because we generally
have to operate in public areas (control of sugcasntainer). Furthermore, while the public
is familiar with X-rays, the same cannot be saithwieutrons. And fears are strengthened by
the lack of specific standards applying to new reguinstruments.

2. ULISIntroduction

Having developed a line of products for on-linelgsia of raw materials (coal [1], cement [2],
[3], [4], copper, nickel...), Sodern approached tke&edtion of explosives with the realization
of prototypes for the checked baggage and the a@ooftrcontainers within the framework of
the European project Euritrack [5]. Today, Sodeppses a portable system (ULIS) for the
inspection of suspicious parcels (figure 1) or bhraadoned Iuggage capable of detectlng
explosives, chemical materials, radiologi :
materials and, after an additional developme
nuclear materials. This system is mainly dedica
to the table of equipment for bomb squads,
could also be part of the table of equipment (TOE
of Coast Guards, looking for illicit materials bedi
bulkheads or false walls.

The ULIS system (Unattended Luggage Inspectig
System) is the product of 6 years of research’&
development on the technology of associatgé
particles (first tube with associated particles JAPE =8
in 2003) and operates a new generation tube, w
is lightweight and smaller than previous mode
compatible with the requirements of portability.
achieve the best final performances, ULIS employ
the best gamma scintillator detectors commercially Figurel

available, based on lanthane bromide (LaBr3). In

terms of safety to the operators and the publid3JAill be compatible with the requirements
of usual national regulations. A standard exclustome will be implemented around the
instrument, and this exclusion zone will be smdltemn that the zone imposed by the risk of
detonation.
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3. Physical and technological presentation TABLE 1

TPA17 data sheet

The ULIS system is a portable system appearingikmxnd a |Neutron energy : 14 Mey

Neutron flux : 10% n/s

detection head which also has the shape of a ocarrgized | Tritium content: 720 GBq
Maximum voltage (X or n) : 100 kV

SUItC&SG The deteCtlon head WelghS apprOXIma@kﬂag rams. Maximum current (X or n) : 150 pA

i ; I it :05t02.5kV
It must be placed by the operator beside the objecbe | e onae . 60"

inspected (see figure 1). It is powered by an irdkbattery with E::;g capability

an average life of 4 hours, and connected by aark¢h cable to | weight : 900 grams
a PC/laptop which constitutes the control unithaf $ystem.

The detection head includes a neutron emission

o detector

subassembly made of the APT17 neutron tube, —_—

the power supply, and the neutron tube ]J
associated electronics. The characteristics of the Lous /tt "
tube are described in the adjoining table. The [ 8 electron|ource
neutron tube uses the fusion reaction deuterium- X rays

tritium, producing neutrons of 14 MeV, and is

equipped with a scintillator-based alpha detector, *VHV|
integrated near the target. This alpha detector is HTTW
intended for the detection of the alpha particle
created with each neutron. This tube also has the
capability to emit X-rays: the very high voltage is
then used to accelerate electrons produced near
the target towards the source of ions where theambstrahlung produces X-rays. By
mechanical design (figure 2) the axes of main X-Bayssion and of main neutron emission
are parallel so that the X-rays allow the creabbimages of the object being analyzed by the
neutron interrogation. This offers information oéry high quality for the final decision-
making process. The two features, X-ray and neudraission, are performed one after the
other.

Figure 2 : Xntube principle

The detection of alpha particles (figure 3) is mdea scintillator

associated with a multi-channel photomultiplier. Barycenter

calculation allows the computation of the locali@atof the interaction
of the particle with the scintillator, with millinker precision. The size
of the scintillator is about 50 mm in diameter.

Image des alpt coincidan avec
des neutrons recus par un détecteur
neutron de 2 cm placé a 50 cm

The detection head includes a gamma detection seivddy made of devantiewvee

gamma detectors and electronics for polarizatiod aoquisition. The Figure 3
detection of the gamma rays emitted by the objeatdbombarded by

neutrons is done by 2 LaBr3 gamma scintillator clets located approximately 30
centimeters away from the target of the tube. Traetectors, supplied by Saint-Gobain
Crystals, have qualities of resolution in energyd @me superior to those of all the
commercially available crystals (some are bettah wespect to time resolution because of
short constants of time of glow but have the hamgliof bad resolutions in energy). The
electronics for digital acquisition has been depelb by Sodern. The time of the alpha and
gamma events are compared with a precision of iither @f 1 nanosecond, thus allowing the
ability to sort out coinciding events.
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It is worthwhile to note that the detection capi@épitan be used independently of the neutron
emission capability so that an active radiationrsepresent in a suspicious object can also
be detected.

The detection head includes a video camera whlolwalthe operator to see the object in the
same field of view as the neutron interrogation gmalt also includes a processor unit to
control the operation of the instrument. The acpidata (list of coincidences alpha gamma
and energy) are first computed to locate the evientisree dimensional space X, y & z. This
space is divided into 16 x 16 x16 cubic elementx@l) of 5 x 5 x 5 cm3 representing a
maximum interrogation volume of 80 x 80 x 80 cubémtimeters(cr). In fact, considering
the physics of the system (point-like target assed with a round-shaped alpha detector), the
true volume of interrogation is a cone of 60° sumamgle crossing the 3D matrix. The
localization of events in this 3D space leads ® ¢thpture of the gamma spectrum of the
simultaneous events for each of the elementarynvesu(voxels) of the suspicious object.
Every voxel is characterized by a gamma spectrumited by the reaction of inelastic
scattering of the neutrons. These gamma spectracthtethe determination of the chemical
composition of each voxel. Indeed, the vast majaitthe Mendeleiev table elements deliver
a specific signature, the only notable exceptiomdpdrydrogen whose elementary nuclear
structure (a proton) is not affected by the shdck fast neutron.

After a preliminary calibration (the coefficient$ which being constant for the life time of
the instrument), it becomes possible to convertiritensity of the answer of an element in a
mass expressed in grams. Complicated and iterasilgilations allow to take into account
and to correct the absorption of neutrons and ganmthe next voxels. This allows a fairly
good evaluation of masses (or of densities becagsare dealing with known volumes of
125 cm). From the knowledge of densities, we have actesise identification of materials
or at least to a classification of the present ne The capability to detect explosives by
neutron interrogation relies on the capability teasure correctly the densities of every
element which they are composed of. These elemammsmainly carbon, oxygen, and
nitrogen.

The absence of the hydrogen data is not imporeatuse the densities of this element in the
benign and dangerous materials are of the same ofdeagnitude. The decision algorithm
uses and compares the data gained by acquisitidpratessing, with the data stored in an
on-board material classification library. At thetimate stage it states the opinion of the
machine about the presence or absence of illiclamgerous materials. This opinion in made
on the basis of a likelihood calculation and obanparison of the results with pre-established
thresholds.

These results and calculations, as well as theowsrimages: visible (coming from the
camera), obtained with the X-rays (coming from thbe and detected by a digital plate
detector to be placed behind the inspected objaat) the neutron images are available on the
screen of the PC which operates and controls th& donnected with the detection head by
a 30 meter long Ethernet cable. The " neutroniayesd’ are not conventional images but in
fact are 3D mappings filtered by element.
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4. Concept of use and features

This instrument is intended for intervention teaims$andle the alerts on suspect parcels or
abandoned luggage. It helps them perform threatiftmtion and resolution.

Considering the emission of neutrons, it is neagssadefine around the equipment a safety
exclusion zone. The safety distance will dependnational or specific regulations of the
application but should be between 10m and 50m.iryé&te case of interventions implying a
pyrotechnic risk, the distance of safety is tydicaigger, generally 100 meters.

The idea is to take benefit of the inevitable estise of this explosion risk pyrotechnic
exclusion zone by being inside as displayed byfithee 4. The dose rate during operation is
very weak. Supposing that an acquisition is madenmnutes and supposing that the operator
is at least at 11 meters from the equipment, hentake approximately 500 operations per
year before reaching an accumulated equivalent tingke one that he receives from the
radioactivity of its own body (Source: NRC datayfe 5).

Radiation Doses in Perspective
(in millirem)
ULIS DETECTION HEAD
ULIS PC
e Pyrotechnic One ULIS acquisition (5
e = Exclusion zone minutes @ 11 meters) wgmgé
b gl T corresponds to 0.083 mRem 3 hatae
P d il S e
PRI W , —
;' , L — g 1) ‘ Ji=
—— \_  RESTRICTED i e
< INTERVENTION o AREA 23 | masm
. TEAM e | x =3
PUBLIC S 0m M s =
AREA R L .
e o G
SUSPICIOUS ITEM =
o doys)

Figure 4 Figure5

A typical operation consists of putting the detecthead near the suspect object (figure 1) for
evaluation. Once the detection head is next tetispect object, the Ethernet cable is attached
to both the detection head and the companion camnplhe automated inspection sequence
is then initiated by the operator. The first stdptloe interrogation process will be the
verification or absence of radioactive sourcemabject. This time can also be used for the
implementation of barriers to create the exclugione. These barriers can be possibly linked
with an optional safety interlock system. After feaconds or minutes, the operators can start
the active interrogation and follow on the realgiprogress of the interrogation operation.
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The screen of the PC (figure 6) collects all theeasible information which permits the
management of inspection and the analysis of thexbb

L5 e e A=
Main | Images |Radiological| Elements | Explosive | Dic Limits ‘ History | Save (JPG) Status'_
Genemw | Msc | Coiy | Avew Acquisition ¢
Progress 05
Camera XK-ray
Radiclegical
100
o
Explosive
100
| A
o
Chemical
100
SDI
o
“l  No thread detected & Uncertain yet M Explosive @ Chemical Drug Drug
100
Start Neutr Comments Informations (on selected area) i
[Formula : C1 N2.1 O1.9
ek Density : 1.6 g/cm3 2
Mass :1.2 kg Safety Loop e
Emission @
= [Explosive detected
=L Type : RDX Operator SODERN
ShutDown Stafus | die
’—..
Date [ Enea | Comments [ & G 04/24/2009 14:13:08
PC ESEEEEEEEEE
S Head m
SODERN
Figure 6

The main feature of the ULIS device is the recagnitof illicit materials contained in the
internal software database. The operator has atedhss information but also to the details
which led the machine to the displayed results.s€éhgetailed results are established by the
mapping in three dimensions of the inspected oli@ceach of 14 elements analyzed by the
equipment. These elements are, by increasing atoomter: Carbon ( 6 ), Nitrogen ( 7 ),
Oxygen (8), Fluorine (9 ), Sodium ( 11 ), Alumimu 13 ), Silicon ( 14 ), Phosphor ( 15),
Sulfur (16), Chlorine (17), Potassium ( 19 ), Qaai( 20 ), Iron ( 26 ), Arsenic ( 33 ). They
have been chosen because they mainly constituterdite environment of the illicit item
(organic matters, mineral or metallic structures)thee illicit material (explosives: C N O,
Chemical: F, P, Cl, K, .).

5. Performances

. TABLE 2

Naked explosives 1 kg in 30s (PoD 95%, FAR 10%)

Naked chemicals / drugs 1 kg in 30s (POD 95%, FAR 10%)
In 10 kgs of benign material

Explosives 1 kg in 2 mins (PoD 95%, FAR 10%)
Chemicals 1 kg in 2 mins (PoD 95%, FAR 10%)

The measured and tested performances
ULIS will soon be establised in the fiel
with real materials (including explosivi
materials). The detection goals are repea
in the table 2.
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The performances in terms of X- -ray |mag|ng QUIEA17 X ray images (50 kv : 100 A 20 seconds) — left - IEDin a

parcel — right : TNT simulant in a suitcase

illustrated by the aside images (figure 7) that W \\Q/

represent a fake Improvised Explosives Device -
IED (left image) in a parcel and a block of TNT

before processing segmentation and decision o

algorithms) obtained with three simple objects of 1 Figure 7

pixel the spectral intensity of the elements arseni

carbon, oxygen in the ninth layer - situated atcarbon

minutes. We notice the excellent answer (usual

and well known) of carbon. We have thexygen ﬂ n u
Mapping of the slice #9

of the result for this element. The oxygen appears S :

in 2 objects (oxide of arsenic and water) with aus

placed in a suitcase of clothes (right image).
An example of acquisition is illustrated by the \
figure 8. It was realized in the laboratory of | _
Sodern and shows the elementary results (result§ )
kg each respectively made up of oxide of arsenic,
carbon and water. The figure represents in each 1 3 5 10
distance of 35 to 40 cm from the instrument for 4 = H H H
increasing times of acquisition of 1, 3, 5 and H@senic - . ’
(unjustified) impression that the increase of time
does not bring an important increase of the quality
coherent different intensity according to the alctugq3 2oises

densities (oxygen density in the water bemgkgﬂs203
superior to oxygen density in the oxide of powdelng H20
arsenic). The arsenic element that we can find ffjt to rieht
chemical weapons ( lewisite ), is more discreet

than the two other elements but the suspicion of

its presence is very real after one minute and the

confirmation of this presence is then obtained Figure8
quickly.
Slice #9 An interesting illustration of the potential of tdata processing is brought

by the figure 9 which presents the image of theslaigic product of the
Arsenic x elementary spectral intensities of the arsenictaedoxygen in a case and
Chiorine the arsenic and the chlorine in the other cases Product shows quickly

Krsenisx if a voxel contains two (or more) critical elemerdppearing in the
Oxygen composition of an unknown item: for example, in tase of the arsenic ,
Figure9

it is interesting to verify that it is not assoeidtwith some chlorine, the
risk of having lewisite then being high. Indeedoifie of the elements
misses in the voxel then the product has a loweyaihile if they are all
present the product has a possibly important valae. figure shows us clearly that we are
dealing with oxide of arsenic rather than with Iswa.
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One voxel (with
}\J As203) spectrum

one of the voxels where the presence of arsenié
is indicated. The peaks of low energy signify the, {
presence of arsenic. This specter corresponds tc \ Il [l l
10 minutes of acquisition with the reduced ’ h ‘
neutron emission of 3.107 n/s for a mass of: |

arsenic of 75 g placed at approximately 40 cm, ‘
from the target of the tube. TV | ey

o 279 kaV
300 kaV
|

|
The figure 10 presents the specter obtained in &{J
ill
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6. Perspectives Figure 10
We intend to measure the actual performances ofSUbloperational configuration on the
field with real explosive materials.

Version 1.0 of ULIS will offer automatic detecticand identification of explosives and
chemicals. Version 2.0 will add detection capapitf nuclear materials by adding neutron
detectors and by adapting the tube to create iateastron pulses.

7. Conclusion

Sodern is a leader in the research and developofieontmmercial industrial neutron analyzers
for various industries. With the introduction of L, Sodern is now completing the
development of its first product for Homeland SégurThis small man-portable system
offers the benefit of modern technology in physiekctronics and algorithm science to
provide unmatched performances in detecting exyssand chemicals. This equipment will
also demonstrate the relevance & benefit of usimegitnons (generally speaking) for
Homeland security threats.
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