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(pﬁMetgwqgva@éa@@Iqsmes nuclear materials or confrabands such as

narcotics in items or buildings.
A number of neutron-based detection techniques have been
deyeloped, depending on the practical apb!ication.

20 - Thermal Neutron Analysis (TNA) has been ftried, for example, for
inspection of checked baggage at airports. More Speciﬁca!!y, low-energy
neutrons cause nitrogen contained in certain explosives to emit gamma rays
and cause fissile materials fo give off neutrons of their own. However, the
ﬁrst-generatioh TNA screeners produced an unacceptable rate of false

© 25 alarms, due to a large number of nitrogen-bearing articles contained in a

iypicai baggage. Furthermore, TNA requires moderators to siow down fast
neutrons from a source to thermal neutrons. o _

— Pulsed Fast Thermal Neutron Analysis (PFTNA) of baggage for

contraband such as explosives and narcotics has also been proposed. It

30 combines the detection of gamma ray emissions from several different

neutron interactions in a single system and used a short pulse high-energy

neutron to perform FNA (Fast Neufron Analysis) interrogation. This makes
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26 Capt ure reactions. A separ ate thernmal neutron
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‘When a neutron has an energy below 1 eV, it can easily be captured

by elements such as H, N or Fe, producing prompt gamma photons from

such {n. y) capture reactions. A separate thermal neutron reaction spectrum

is constructed from the gamma emission detected during this period.
25 Document DE 10323093 A1 discloses such approach. _

After a predetermined number of puisés, there is a long pause which
allows the detection of Qamma photons emitted from elements such as O, Al
and Si which has been actii:ated and decay with a delayed gamma reaction.

By cycling through these three steps, three separate spectra are

- 30 generated, representing the fast neutron interaction, the thermal neutron
interaction and the delayed activation interaction. These three spectra would
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 This improvement, however, is signiﬁca'nt only if there are very few
‘thermal neutron capture reactions during the time of FNA process.
. ‘However, in the context of concealed explosives, there is often a'iarge
.20 region, besides the small region occupied by the explosi\fes, where a signal
" from thermal neutron capture reactions will be emitted. This will significantly
deteriorate the signal to néise ratio, which in tum means that a long
interrogation time is again necessary to obtain useful statistics. |
Furthermore, in the context of luggage inspection, the presence of

25 large quantity of plastic materials from the outer casing to the content, will

| strongly affect the identification of explosives made from a measurement of -

the C/O or N/O ratio. _, - )
Another known inferrogation technique is PFNA (Pulsed Fast Neutron
Analysis) and is based on the velocity/energy reiationship of a fast neutron,
30 - whereby a very short and high energy neutron pulse of a few nanoseconds
" duration can provide an opportunity 1o record the spatial region of the
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The PENA technigue is particularly suitable for examining a small

“amount of explosives hidden within a large object of relatively low average
density. '

25 _ However, a very short mono-energetic neutron pulse is required if a

| reasonable spatial resolution is to be achieved. Typically, such. neuiron

source is produced from a linear accelerator. Although such accelerator

based PFNA systems have been developed for the examination of cargo

containers and for air éecurity applications with good results, the large size

30 and substantial shielding requirement associated with the linear accelerator

means that the system cannot be mobile, so that the technique is not

appropriate for demining or airport applications.



15 the rel ative concentration of the elements C, N, 0O
in a given spatial cube, called a voxel, can be
deternmined. Using the specific ratios of these three
el ements in high explosives, the presence and the

| ocati on of an explosive can be identified. Mre
particularly, by using suitable gama detector arrays
and by 20 scanni ng the neutron beam pul se al ong two
axes, a 3D map of the elenent concentration in the

di fferent voxels can in principle be constructed.
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More particularly, in addition to the self-evident
consi derations of cost-effectiveness and acceptabl e
footprint, a systemoffering trustworthiness and very
fast detection tine would be highly desirable. 6
Enbodi ments of the present invention also seek to
provide a new material detection technol ogy based on
I npul se neutron interrogati og nmet hodol ogy whi ch may
avoi d the conventional single photon counting method
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According to a first aspect of the present invention,
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each deteéector assenbly may conprise a respective
ener gy band-pass filter. each detector
assenbly may conprise a scintillator coupled to a
photonul.ti plier by nmeans of a set of flexible fiber
optics cables. said neutrons and gamma phot ons
source may conprise: - first and second el ectrodes,
a plasma ion source at the first el ectrode, a
pl asma i on source driver for allowing a ion plasna
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filetast 5 MeV, which may be appropriate for the , ,
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whi ah 1 . ! _ At vy
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According to a second aspect of the present

deuiereansite evelpriewatds e se508d £IGET for detecting’
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contained in itens, conprising the follow ng Steps:
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thus, ge(ieiaer'?etu?rddns may have an energy of at least 3 MeV, which may be

appropriate for the detection of nuclear materials.
* said neutrons may have an energy of at least 5 MeV, which may be
‘appiopriate for the detection of carbon-based materials, while not interacting with

possible surrounding elements.



generating fromtine-related features of said signals

a signature, and conparing said signature
with stored reference signatures. Brief description
of .t he draw ngs The present invention will be

better understood fromthe foll ow ng exenpl ary
description of a preferred egbodi ment thereof, nade
with reference to the appendéd draw ngs in which:
Figure 1 is a block diagramof an identification

system according to the present inventiong, ,,H 2.
il usts,agi-.ggutrﬁn@,r@%\f b@v%%rh?pergydg‘t Clp'rasgg Jwﬁ/%fh?ch may be

SHATRAES ST B T oty et WA A toment

H, !Gt' hlm@ lab'rmfgora_tct gsist ekploiyaal  col | ection in relation
W * se - m S i 1 . . -
EH?/ f@@_&l%[g? g:ef)eret]id% thd HSfeEto?%'é%%ﬂgh%; g#a&ﬁdg&%ﬁ&ﬁc?to one

be an escrirptio

shigleastigest parficled eombinaf nerrons sod gaefrea phaigns drotheaid source.
drawi ngs, an identification system 700 according to
the present invention is depicted in the figure 1 and

b g R B o T, g Ved
adatetiodd dor Ld\&i’tectir(g);prap@'ties of materials, substances or CE)mpouhds
contained in items, comprising the following steps: ' | 7 7

- applying a pulsed flux of energetic particles including both neutrons and
gamma photoné to an item to be analyzed, said partibles being intended to
“react with nuclei of m_ateria!(s) in said item,

- 'detecting neutrons and gamma pho’tons coming from said item in
responsé to said applicatioh in current detection mode in at least three different
energy ranges, wherein each energy range is different from others, so as to
deliver current signals réprésentative of impinging gamma photons and
neutrons over time, 7

- delivering time—resolvéd current signals rep_reseri’taﬁve of neutrons and
gamma photons thus detected, .

- generating from time-related features of said signals a signature, and

- comparing said signature with stored reference signatures.

~ Brief description of the drawings
" The present invention will be better under_stood‘from the following

exemplary description of a preferred embodiment thereof, made with reference

to the appended drawings in which:
- Figure 1is a block- diagram of an identification system according to the

present invention;
- Figure 2 illustrates in greater detail a detection unit comprised in the

system of Figure 1; and



10- a data processing unit 800. . The source 500
generates a high flux and a high intensity of short

P mey@rgEoetic particles including both neupgpisodingrrs:
gamma photons directed toward an item 600 to be

checked. The source i&cludes a particle

generator 100 which generates”the 15 flux of

energetic particles in response to a pulsed pomer

unit -200_controll ed by a _control uni

oper at i- &gurg i & ime ghaw illystratingha &&mlﬁﬂnahp@jwcww relation
ener geliih Il drik&8n f RICARLEL: B ho b eflah ougr ds

an item placed 1'n an Inspection region to ds

whi ch a beamcollimator 130 is dlrected 20 The

conveyor Syst. ( > .
for novi e i 0

appropri Moy telf@tﬁﬁgwﬂ'fé drhwmg@harﬁ tuent.fmeﬁtsygtem Q0 eacordmg
‘The source 500 is used in conbination with the

det dethQpresant inviensiop ds denieled iy Hiefgush 6 @5A CRAPTEES:t r on
signals t %mﬁggﬁey&%ﬁm 640 foP ReMBIEBDIEbE .r?sg)eeeat ai ned

in the inspec 0, upon interacti with the
penet r at r@@tﬂﬂg@f@nﬁﬂ@ﬁeog@elﬁwpartl cles. As shown
in Figure t on, unit 400 conprises an
array of 8?%‘*&3#5??%3%@6 ng a w de set of energy
1esponsesa aath gropedyirgy miit 830, ecti ng bot h gamm'photons
and neutrons backscattered fr é{ms 600

exposed tif ?ﬁ'é"c?oﬁﬂoc%e%@tesliaa hoibpeanda high 'P’?“S’W of short

sen Vv
. ?gltﬁg gﬁﬁgﬁtzzu?j ra\cf)tﬂbsi)ac sc tere rt'fgﬁh%tﬁ 0%1 ect photons
VDQE)@%@MBGW}EP@@DW'%M@O . The detectors

Loact hern Sfufl kol SR W rABESB e g Bthes e

161 fhocoeenergaticepartities ir rasponsel tuls pisedepdwepkumit Z00r controlied

by a control unit 300. ' _ :
In operation, a short pulse of high density, high flux energetic
'particles -is generated and directed towards an item 600 placed in an

) InSpeCti(}n region towards which a beam collimator 130 is directed.

20 The conveyor system 650 can be- conventional and is used for
moving the items 600 such as pieces of baggage by appropriate increments
through the inspection- region. '

The source 500 is used in combination with the detection unit 400 to
detect gamma photon and neufron signals representative of the materials

25 contair;ed_ in the inspected item 600, upon interaction with the penetrating
source of energetic particles. '

| As shown in Figure 2, the detection unit 400 comprises an
array of detectors 410 having a wide set of energy responses and eapabie
of detecting both gamma photons and neutrons backscattered from item

30 600 when exposed to the source 500. Each detector 410 is sensitive 1o a

. given range of energy for the gamma photons and neutrons backscattered

from the object. -



Correl atively, a detection according to the present
invention is based 5 on characteristic ganmma

WioomlodEseo  ecogni ti on whi ch can be acquir ed mvEre® 7857762
singl e pul se of energetic particles (although

nul tiple pulse detection is ajso possible) and does

not require detailed energy-resol ved spectronetry
contrary to prior art systens as disclosed in

WO 99/ 53 A and DE-103 23 0 1Q0The

_ processi ﬁéeﬁﬁt?d@@otoﬁﬁgﬁ/?@'c%n@t%l EB\W%SB?/ at unit
the gefoesiton lﬂfnﬁ@/mgﬁatgf 11 sb@cﬁ,eﬂ@érﬁbﬁi éﬁﬁjmterla!s or
signature of item 60 hen a statistical conparison -
of teeenpoandatabedpokediiet ure with a database of —
refer enc%o?r'e%%élgr £ etettid %%6@ ng% ?he% Eﬁ‘es@ EhIERIdAOR based
the presence or - absence o cer s or
cH npmmmaetenﬁmgmmma mgnﬂa&we remognitien svhiohdcatdwcadquired guring .

of the var t S i w
- gi véhsin é’%s%{)?f ac5 les lemdéﬂ@ ngi\fmpl ﬁ)lﬂge d%?ectzon is
genejgf 9(5351&%7) &ifd dbby @bt Raquite idhsled dney@y-resoivel spabirbmetry
200 to generate short pul ses 140 of energetic
par cPeiray to poohard sygiems &S dispipsgrdn YA D4 e angk REn 03 23_

upoggﬁAclontrol trigger delivered by a control unit
300 all other tines, the whole system500 is in
'Hh "of f' Thededfat poeessing unit 80Dhanalyresi tbe sigraie peavided by the

onta ned a_vacu chanber
ot eBeleR BBk i Grcet 1 o B The SARRL sio RO BRI BOg. fihen 2
110gsmanstical Bontpur@eh 6f ahé r eeuldie. sugnatureTletmaal Id)aiabase of
t he dlstance bet ween the two el ectrodes, 110 -

i s Eplerence evignatwieseis w thenghee 19, decisionpen vatge rPfesance or
and l?'%r]\@@ of certain nﬁat??i%E oY%rtn d& Jh‘éﬁﬂd kgl for the

emzi3 el ectrode i-n the power

1§uppl y meore Qetaiind descrum@d Qfdhq:) e&musgmr@pmeetﬁ ¢ldhe system

% go suitabl e voltage pul se 225 between a
pal 9”3 de menbers (not shown) belonging to
sai d el emimemmefmm ng a plasma di scharge ion

source. Th\é\opazrgglg goeln%e?atgf (%T{) %sp %i?:%ré %3737%13%& power supply unit
20(} to generate short pulses 140 of energetic particies.

20 These pulses 140 are generated on demand upon a conirol trigger -
delivered by a control unit 300. At all other times, the whole syetem 500 is in
an “off” condition.

The particle generator 100 is contained in a vacuum chamber 150
. containing a pair of spaced electrodes, i.e. an emitting electrode 110 and a

25 target electrode 120.

Typically, the distance between the two electrodes 110 and 120 is a
few centimetres and the pressure is between 0.1 and 10 Pa.

A high vo!tage driver 220 for the emitting electrode 110 is provided in
the power supply unit 200 and is used to power said electrode by applying a

30 suitable voltage pulse 225 between a pair of electrode members (not

shown) belqnging to said electrode and forming a plasma discharge ion

s0ource.



A low pressure plasma with a plasma density ha\'/i‘ng an
order of magni tude of 1013 particles/cnB or nore is

ﬁﬁ%ﬁos@iﬁﬁt ed in the vicinity of electrode 11%]%153907,057762
then

evel ops a space  distribution of charge
particles within chanber 150. After a predeterm ned
time delay dt, a high voltagells pul se 215 generated
at pul se generator 210 al so provided in power supply
unit 200 is applied between el ectrodes 110 and 120 in
order t oAalowepeasatre plasrnadwith e plasovndensibchavag amporder of

cont TRUrHER 7 162" BRBicReRr 8" FlcR & Blspfec Wthe viniy of
sel etdotrddast 18 driehtticnodevelopshe spatd digéridutiorlof afhatdesl adricles
D S ARG D AL Sr3eaind SIS R, ¥ oo
50 p8lseCHEU RS APk Gbrtistol DED RISSSSUURISH if loWer supply
t he chanber™ 150. The control unit 300 is capabl e of

tri §gé208ds appiest botpeenrriectinsies JdReangt $20 in grder o ‘Bccelerate
acc : - ' vRchrani o
25 BR300 S5ed MBI TR0 U Vork D Besea b hne

- St achargppignicogiainalintthblptasmd.se vol tage 215, after a
time del dt tween the two el.ectrod 110, and, 120
Sothat  THefiae GBI selRCE A BN T ot YR RE of the
1bheplasma Miiggering pulsé M) SEbedtaBRtingf véiRReP poRen15, the
i nventi on, tghe %I h vol tage pul se 20 generator

t 210 - \
B congﬁqrggy ofnthg qifg éqrm@qb ttyéiwq,glegtrogeq aég and 120 and the
T BB ihRIng cheider hy] oved by a pu se

€ssion circul not “Shown) . - Mor e

_parti culTael gonte! min80 dé teageblsooi riggsting drvep Z20vVand then
50 Hz ig first increased to 30.kV using a
 CorfRRTatenAl0 Retding e e sRRYRTENE BHRY: Thi s vol t age |
16s usedThe dyneRroniskds ba@fmaMar dorfifol Gk thigle yBRAge Waildeosupply
a trigger control 25 to produce a voltage pul se of
12@NVi0 StRItsaRRYING e SHikahIe vlses wejtags %@r@@efaa piane gelay dt,
<hapi Nt
TRt ieciel ploBrBiR HF a3 0o Mab 6 Hardedd pitcios beam
t o imexicdcta froraribé qulasma .providing a final 5 ns :

ol se 2B i, f g Froh BBl e fndlptae pue

2(p| -generafire 1@cRphEistisad o ahasnkriowrhperossla heitagsinditigication
(typi cal nore,  than 1 kA) whi

P#F?ééreﬁrgﬂéq Ry aéJUé‘éﬁ %’Hﬁreﬁ’@”ﬁ Y it §§°Y"8$-g et
oMb RCET Mt hek 098 2 w0 e
first increased to 30 kV using a conventional electronic inverter unit. This
voltage is used to feed a 4 stage Marx circuit responsive to a trigger control
25 o produce a voltage pulse of 120 kV. This voltage is then used to charge a
pulse shaping circuit to produce a 5 ns pulse of 120 kV. The output of thiis
puise shaping circuit is coupled to a pulse fransformer, providing afinal 5ns
voltage puise 215 of 720 kV. | |
Upon application of pulse 215, charged particles contained in the
30 plasma are accelerated to form a charged beam with a high current
(typically more than 1 kA) which impinges on the electrode 120 serving as
target electrode with an energy which can reach 500 keV or more, thereby



12 producing a flux of highly energetic particles as

t he result of a charged particle-induced nucl ear

WB36dslo ' It will be appreciated here thgkrbddgosrisz
princip e of operation of source 500, where a

hi gh-energy flux of charged ggrtlcles IS produced by
the direct 5 application of ul tra-short high

vol tage pul se 215 to el ectrodes between which an ion

plasma is in a transitional state, allows to overcone

t he Ripdeding: Rallureot highbheneruaiie perticlescanjmrefPt @ charged
vac a short pulse (<10 ns),

hi g;#gﬁff‘?éf g‘ﬁﬁcﬁiﬁi%%#qégaﬁﬁener gy (> 700 key) -charged

par ti cl elthefecappreeaigdnimrattbat theOplinaiple loé gperatiopl @f source

SO Bt ob R A O e S} e oot

o d%?pﬁ@tl@ﬁﬁﬁraahﬂraasmtaﬁ'gﬂl Vtage dele@/\@i&l?eo tdrm:roﬁem between
be anal yzed, a suitable collinmator 13

pr oWhirkaan pnri:&axsr@a is ip asdransitionahsiakey allews to ﬁtéef&‘efﬁ'@ the space
uni ag’lfag c.'[ﬁﬂ')én?i' ?ogﬁ dﬁbﬂv@ﬁhcﬁ‘naﬁ SRR Hfbﬂbng:d%rlhétance a short

provi dfng con tatus |n ormati on on
m)dpmss (1 0sus)y dighb@Oremo(> thAi)s highrgrasey (Em?@o 3@0’) i gharged
cou d to a set, of saf%gy sensors and/or detectors

QP&%%W?%'&? k and proper operation of

1$>JOUF ce S5fh the particle soufcerasdaptrisee abows Itmﬂlmn (IJ40 of energetic
oper ations, the source 500 can be 20 re

act Parieleg 148 Iggemiied ip @NJBQIEQRIF MENRgls rbgﬁf de gﬁéerate a beam
ThegipQits owllds T itda Gtﬂ}eﬁl ﬁ%?gﬁ@ﬁ@& a3 s0@abi@'cofitator 130 is

types of energetic partic I'n a preferred.
enbprovidedt of the invention, such particles are

ot O R B DR b L 5B Sl oo

ﬁe&ﬁb@formgmngd pikﬁ?(ﬂfﬁg an?dtr and fetal?f mﬁmrmaif)n oralalhenodules of
aving an_order -0 nitu on.a |]

45y a0 FoE s pLTS: 5t 3P SRipISH iiacen gt ety gansors

pul /&r%t@{to;%% AdIAS A% RRAGRMNd bitiper RpeitiBhNY sdurce

i g equl val ent t ence rat’e of 1016 neutrons/second
wi t990a broad energy distribution up to 14 MeV.

Th i | |
Lo dor obp” JBHE, el 36ienfd, (qpelatons” (G048 560Scan be
"'Zmeméméaﬁedlpacﬂm@@dteegmam %Iweral tm&smesemndery short __
d t 200 01236 PCT/ EP2007/ 057762 13 .
Coronr | Do, soreg, & LISBR ol BEROBIINg Jpsions tiBés of

- degpg éﬁgg pﬁﬂ&ie bé‘arﬁ@clﬂzr@ PreibiPed A diRentioft tieiimantipn, such

provi a small quantity of neutrons in 10
m padiclesone wtmr§ and Genag Phalonse Whigh e genergfed by the

y ' 10

1 ERERD S ], oo/t Yuaff golich BaPucht el 4 eféing 10 ns

250 pdurition at aurentvalue duving gm ovdeteofsubgnigidene! kfsnoma lithium
phot on datafo n This | eads t aragsha

ool i ab bRt 138l brodiBREe  B. Bs IABhE N 481y, more

t hhaANOROREMFSHS) Ghith tioviBiigPa @nigh lequivasit ifiv@nce rate of 10

neutrons/second with a broad energy distribution up to 14 MeV.

The source 500 as described in the foregoing allows fo detect

- 30 substantially all gamma photons and neutrons backscattered by the item

* over a very short duration.



In anon limting exanple, at a distance of 3m an
item 600 with a 10 cmi exposed area will receive a
neutron flux at an equivalent rate of 1011 n/s 10
WPMSORE ngl e pul se obtained with the sour‘c’:%T’%@@G76’F7762
the present invention. Detection unit 400

shown in Figure 2, the detectidn unit 400 conpri ses a
ganma photon detection part 410 conprising an array

of detectors (three in the 15 present exanple) 411,

412, 413 pykapipaAiebecd @cﬁm)eﬁt:@@éi @@@le@dwewoﬁ tube as described e.g.
photonultlpller 431, 432, 433 by neans

r es e 8pruEeRiddS 5 240 628- Bl%mﬁiﬂb'e(?mb‘ﬁﬁ @ssraa'b peantify ¢f neutrons
422
in 4§%icroFec?n il Qtsqfﬁ'ila?h e B 54 Pég@g o%t‘%ﬁﬂ’t?c?ieﬁl%)éﬁf‘l kHz

conventi ona ¢ scCi nt| ator
NEl@zmctrwbe)obmin apequivaleat ﬂumcryfratﬁeofa‘r(baal/s,eatremmrd aninutes

e sensitive th to
32 7 SBralont 860 S T oo BB bARG e Aloion fiate o
phomaf?sa@mﬂhleeeﬁdsot@% Ratidtenaddserat Atlessttherdeteol BAgnifudes
when, expgsed to the beam 140 generated by source 500.

Thehgh,@éﬂ@n the @ne 96PWTING wiihdhe ipsesegt invRB¥%thce 180 nm
x 180 tin G & (!h¥ten@t|=, b@%%: aHl it @ootWie a 10

sci ntlllators al to substanti al nprove “
si goaf expised ares Mﬂﬂ receive a Mmrdﬂnxa@i’tam eqlﬂ\aalemrat%@fdlo n/s

A PSRRI bl FRSEAFE R RS Bhoon

(not shown) on the travel path of neutrons and ganma
phot ons fromthe item 600 to the respective detector,
t hese u as energy band- pass 30 filters

in diff t
i 7 BRI $Iourne el BiloBRANUARUER! Aimdicke @ Fhmma

i s phoserefdetestion  paat édiOt@rmmM@eatarmy obdetastorai (fee in the -

h ) 0 411, 412 and 413 provide
1%486'"8%%“%%?@%‘93 ?iﬁ JP&B and C indicative of a
quant i t Faoh deteeiov dsl cbade(aéddo/@qnﬁoitcﬂhxﬂspher 431, 432, 433 by
reciated th onnegt i

I
A SHDieSRPaEr st SR EXIPIa 8T BOURS.LANIRS 2. 428, 7%
~optics gaph %t&ﬁoﬁﬁ@f&&ﬁl&%%ﬁr%@gtd*wﬂ\}éﬁtl&al plastlc scintillator

photomul tipliers can be placed at a distance fromthe
soie geobwell kapwn NG 02AdypR) efranprensinte guifars arepselected so as

2" §8 5b, oS 188 16 gBAR Gh6mn8 Mg ERRSTB Bl o signa

i‘on-genera noi s in sal
Pr eépreaérhtm,g mbgap’frna @tmtdnspéncbnsutm baﬂaaﬁcaitwe@f%m the item

o B08 e PGPoq Hetheonedt 13 Bnetates ppsotrce 588, | T
g??;??ﬁtg?gﬁdg%ﬁéadhnﬁlﬁwww RYot MBEARSPESY M x 180 mm x 25
- mm. More generally, a large size of the scintillators aliows fo substantially
- 25 improve signal/noise ratio. ' |
Each detector 411, 412 and 413 has a response within a specific -
energy spectrum, and this is préferably obtained by placing materials (not
shown)'on. the travel path of neutrons and gamma phéto_ns from the item
600 to the respective detector, these materials acting as energy band-pass
30 ilters in different energy ranges for each detector 411,412 and 413 '
The output amplitude of each detector is therefore reiated to the

spectral content within that range, and detectors 411, 412 and 413 provide



In this regard, i nstead of measuring the energy of
i ndi vi dual gamma photons or neutrons, the current

duced by the collection of particlgsy@dehros762 -
ﬁhg&g)nsﬁé??rlw ng at a given detector 411, 412 or 413

Is recorded as-a function of tjme. 15Therefore, the
conventional issue of pulse p]r4 e-up when particles

i npi nge on the scintillator within a very short tine
interval, resulting in counting errors, is avoi ded.

The respaive osigpaiss Af r BrandheCplinsticativet Pbia equangy of 4mreived

and ar e lied to anal og-to-digital converters
gl 0633%90?’8?@5%%;(1 440 so as to 20 provide a

correspofidiwiy & ghpprbcidiaida teat; elayn capreetient tiei \seindiflators - to

t he photons/ particles receive |rr dlated

c0o RO RIS ot GFXible BT Oticer bl CEABPIT Bl Eath, the
ﬁ)ﬂ mﬂ'ﬂ&!%rs gaft Uéhﬁi%&ﬁ ai_%k&?s@aﬁbé oRP398 4ource of radiation

transi ent

tizer wth a maxi num sanpling rate of

2 5@84 deahiel dragaznstﬁhaaﬁact@é@aegseﬁs pa@ﬁ%%idqfecfkomagnehc
' th
di S}P %oﬁ%‘tgo%@@er%ﬁ?ﬁﬁgzr?oés? gcsggddéﬂéﬁpg'{uﬁ@'h&s ZOeps after
each par Pieférablyy Ittme;)riatﬁmumpﬁerpl 434 466 anded 33 eperale irhcurrent
ljing rate.o trmstsoasto
E hednBRieT i £ oy el tgra medtrattopt i YOS of the
10 Oﬁh%ﬁs/gﬁrﬂcfé% ifBlRRld etheebpdéie %@iﬂit!l!aﬁ@rst he

results fromany neutron interaction m)%% %]
" mat eri allg tbis regaid, @mbead AtmeapkingG: Nesenegy é?dé‘é'@"# gamma

2.”‘3% ABh o B T, B el B B A P S [P e licBon of

~ hi gbaradesgandwqmbtm B?Mm ‘BOa a;nfbm Idatect'v@gaélﬁ 04theor 413 is
em SSI ons or neutrons re ,
par &8 egrqsyaq?qmgorggf WO on unit 400 detects pronpt

18nd del aﬁ@#eﬁ?éﬂ@epb@mhﬁo@nmmeﬂ fulsenpiitealp anen particles

-ther mal neutrons, as well as 5 neutron bacli {‘ g
or EtHinges @t henSENGIERIER 8LYaN P DB OIar | 'BEGng in

_ aft&funhﬁ&eﬁb@'a&a%?&é& neutron pulse is triggered.
The signal outputs from the photomultipliers 431, 432 and 433 are

supplied to analog-fo-digital converters globaliy referenced 440 so as to
20 provide a corresponding -digital data Stream repre_sentative of the
‘photons/particles received from irradiated item 600 as a function of time in
different energy bands. | o
As an example, a 4—channei Tekironix TDS3034 transient dlgatlzer
with a maximum sampling rate _of 2.5GS/s and a maximum data memory
25  depth of 10 k samples can be used. |
Preferably, the digitalized data are recorded for e.g. 20 ps after each
particle pulse 140 is applied to the item, with a s’a_mplihg ratﬂe of 2 ns at most
s.o)as o keep within the memory depth of the digitizer. _
The signals provided by the detection unit 400 combine the results
30 from any neutron interaction modes in the materials of item 600, including
elastlc melastic and captured reactions, that occur in response to the single



An exanple of a typical timng of signal detection in
relation with neutron pul se generation is given in

i 3. In this exanple, a single pulse Pl
%B%&hﬁa?@bns having a 10 duration of 10 ns .Eéiﬁﬁ%ﬁ%éﬁmz
in a 4x solid angle. A secondary pul se of ganmm

photons P2 is also enmitted with a slight tinme shift

and a slightly longer duration. This gama pul se P2

is generated as a result of the interaction of the

neutulba-shoit$igHPénevigy meurenipuleed140 end thatdeadliton theobmission of
the neutron-generating target, as well as within the

t ar ggé’tmm?QQP NS PEPREFBIGCcks Al and A2 correspond
respect i ywRr¥ pafticulilyneid Bé’tﬁétrcﬁf umﬂﬂ)@ﬁeﬁ&sﬁ‘;ﬁzfohw %ﬁd Qjélayed :

a target located 1-netre away fromthe source, and

t he gg&MTIA RhRiesngeoeraied Jonplasr anduﬂn@'mﬂi reaftigns, as el as
tar gw%htro?s EacksEEE%rgﬁto?cén%ﬂ P %8"??, ,g«?’éfﬁllngﬁnif/%iﬁxt}%%er:ods

bot are as
col Iaﬁetﬁnkﬁmgjaahert Seummepdlee :3 tmggerfedacti on of the
gamma pul,se P2 rr Vi etectors;

this is ‘éﬂo"s’@l"??d?fl %&ﬁﬂc%ym’f"ﬂgy@ﬁ sgngﬂ clghy [y, felation with

ori %n@@regﬁf@@@bﬁe@ﬁbh%gwa#migdrasof the gamma pul se
P2 bein ackscattered fromitem 600; g}g few tens

of nanos'é'c'ib‘iﬁd@xﬂfaﬁ@r a ginglerpides ‘Pé’dOfsﬁQm&I Syugiops having a

ROBAAt % TEIE B ER MR e 95 el o8 ptS yise of

energy ne ns trav di'r ec

andgiimm photors a5t E@ alsel érnkieanwitiviat bthnetmfwshuen ami a s!rghtly
the itemmterial(s); the very short neutron

andonger deragiony d hys gegna pulse &1 5 goesrated’ Pawesull of the
- NeUhf@RcdrA¥eing RAfktn fuide 1 WihGRE ﬁﬁi’é&%%&%uﬁ&nhg%f the .

good spatial discrimnation; in addition, the high
I ntReEIaygerferating aegaty anwell ag wibindbetarost geadd signal

150 10F soeabiodd LOMLDASISLEEL AL reBetvel to the ngpirons of

si gnade P33rdving @rnantargbblocatedge metretaveyf from thbesource, and to
i nteraction wth

m 6 tit f
el 59 B8MRRIPPORGS ok BB AT DR B8P | ng of ¢ he

uncol | i 'T'hbe@etﬁ%ﬁrg Raldlad @ﬁo@ﬁtﬁhctﬁe bottom of F’gb@ss are as
3| nals are follo (tinme scale of the order of the

lemss econd) by signals 34 corresponding to
26‘eUt rons rrﬁl%@sﬁ%t (quﬁaﬁféedfé&%lé %‘q érlaecme to a fraction of the gamma

puise P2 arriving directly at the detectors;

- this is closely followed by the signals S2 which originate from a

certain quantity of the gamma pulse P2 being backscattered from item 600;
- some few tens of nanoseconds later, the received signals S3 are
25 composed of high-energy gamma photons produced when high energy
neutrons travel directly through item 600 and have non-elastic collisions with
- the nuclei of the item material(s); the very short neufron pulse P and the
relatively slow speed of travel (a 10 MeV neutron travels about 4.4 cmin
one nanosecond) allow good spatial discrimination; in addition, the high
30 intensity of the neutron flux leads to a good signal to noise ratio from the

deiectors:



- the last detected signals (after ten m croseconds
or nore, not shown) result from captured ganma

@Ag2:86 oduced from neutrons which have bemrm/Ep2007/057762
Thermal 1 zed" in the source collimtor, as well as
fromthe sanple 10 and its su!ﬁrjoundr ng. These thermal
neutrons are captured by the clei of the item
material (s) which in turn generate gamma photons.

Many of these interaction re a ca
var ?/et y ofth él@d@é rag /o §i9ﬁ6§r§%?r g g?rg?orﬁ)generateg from the
r e ¢ OiFI rérﬁroh @i ﬁéﬁ':cé&? P? b QEfﬁ'eSqrﬂa\hﬁgrs 8Ndiapas Redtrats Asuiting

I'cally tens of m crosecon after the start
of tfrmn m mﬂerrn@ obthewcmlirmateﬁbrﬁ@ufr%ﬁrﬁt i 8AUres;gnal s

are obtai nﬁ,‘d ggpgl\ghépe %Pcﬂr&f H\% %Y;Qﬂemo'fotﬂeo\‘)%er of the

tinme. a galn Justrrent clrcult

I ;iC Qﬁr@fifs@b@r@ﬁ)! tryt Sigrals I8 tortdepoddingdbareuiress rbbbk@ettered from
(scrntrllator fibre optic + photonultiplier) in
ordéPet%mcon'pensate for the variations in the

coupl i ng. efitd ¢istndotedil VEghI$ MaMGOtepCnidrbsdoahas cﬂn@hoaa not

fibre optic. Mor eover, the detector assenblje

ar e shavahtesyit om gauEpsarana phaioss RE9IHCe| frogn Rewlgens which
3 ﬁg?@qﬁ%&gé'ﬂz%g‘owthé ESU&E%%K‘!EM)H taﬁ Wall 28 flon?tHe sample

hen W't enti cal energy.
fﬂ I taﬁd StsEur@undingt Foess sherdial ndetrans arencaphined by e nuclei of

cal i brat ed in.t way and the gain each

o 108 e il b in o Sl pfoiefS e

out put h?hﬁfedif HdseUmitdractichsWakd i gpplicalily &for raavgéde variety of
(e.q. or of. two at nost). -The callbrat

canelemamisieompends. ﬂbﬁ@f@ﬁe by pesasdigo the Het gignals over an.
cou I C | £ th
ngga%%ga?’%rﬁreh{)wﬂiéfal ewf‘. Itﬁgf‘mﬂféée“cﬁnﬁ’@) é'ﬁé?otggcéigrt of the
1|shonautrdrt ippilseer 46 Ixrerpemreahlugfuhas!@malbyaﬂeh@btﬂm%hn%sp when
calibration li Brlgron 0vur e through identical fibre

opt FUEIEHETHGIEVR "Rf- aut omatic calibration

pr ocess P?éﬂar@ﬂ)l?oa Reyirt a8 d;dgmr@ﬂ avctib iimeoporated dntal each of the
sanmpl es of wel fined materials, for e

Or aatedorassemalies (scintillaton +EbreeenRfia ﬁé’hé’ﬁa“n@{ﬁgﬂr]q iy, rder to
SUChALERS B LS vARIEREPANERS RoLBling WSABhGy deividen the

ectors sensitivity. rocessi ng unrt
2800;crntrllatorandﬁfdarelwpacprocessr ng unrt 800 conpri ses

oL g, BRE<EIRRE, Sulifs! o LARAIMERLEYY ooss
40Qalibrated by taking a set of measurements wrthout the energy filters in front
of the detectors and then with identical energy filters on all detectors.

All detection units are calibrated in the same way and the gain of

25 each unit is adjusted so that the variation in s'ignai output between all units
is within a given range (e.g. a factor of two at most).

The calibration can be made with a reference pulsed light source
coupled to Ia piurality of ﬁbre optics each coupled o a respective
photomuitiplier. In this way, each photomultiplier will be illuminated by the

30 same calibration light source through identical fibre optics coupling.

An automatic calibration process can also be conducted with one or

several samples of well defined materials, for example organic materials



Preferably, such processing involves applying a
predeterm ned set of algorithnms to said signals,
\*78%9%1.2% their evolution over time, in ordegirhPr007057762
generate a signature associated with each item 600 '
anal yzed. 100nce an item has been anal yzed, its

signature is applied to a datidbase for conpari son

with a set of reference signatures corresponding to.

di fferent known materials or conpounds or substances,

so tsheh asHdelpminee pod Polythang. Sich precassi allowsop compensate for

conmpaun r. substances c e.qui ckly i1dentifi-ed and
poswﬁ?’sééﬁ'gﬁt’@ %ee%qeﬁgﬁr%?’g\lﬁg\gﬂy, unit 800 is - '

pr ogr anmmpéiProxessinguoif 8d¢ an operator with sinple
yes/ no answers ftor different _types.of materials or .
compound$§h® iy PEIGERRIRY U %Oqlé(?rp%?rﬁ% ?U'faiif‘pswgapf’f%sssmg
¢ ygg\g@} fd?rtﬂégfhzs:aﬂg &l 1WA 1B BAdTE QBedlvdd @6k @teefion unit

sec to sever econds with state of the art
proé@8si ng capability. 20Wile the present invention

~h b [ bed. w l.ar. .
o e RO Bl bbb RGP Eetyines st
ski higedthpey &0 Baitihsignatgninchudingathiet nevotutibnnowdirftineayt inoorsler to
e e sobeh S e G 4 Ll ™

nvent | Qﬁhc@}' %ESE M hbY sdpC bRallR8d, ditd Eﬁt?ﬁat@’ég&agﬁpw to a

i
' get ection of 25 buried objects such as Tandmnes and .
-ant daiebasenioe compadson wilea sebelurferentasignddrasspriagpending to

nu ther Lcation ctd

oy SRR e, et of medhiie 6 (SuBLIRRE™ s that the
gensresériceofanydudhdndterixls o compogeds or pubstarmesscan be quickly
I ncl Udkiffn both n Ttroqrﬁl‘sﬁgaad ganma phot ons and for ‘
di rided ﬁg@éﬁﬁ?sﬁl AHWHPAEs an itemto be anal yzed,

15ai d papielasty Raiteho BiRs§arhriad 56 asto Wrdviddds loperaddr with
material (s) in'said item ~a detection unit :
corfinpiei yes/ae answers for diffetrnt dypes OhduaRHAls ey compounds or

(S BERhAE I arVR) B0 B0 BEIRe ROBiT prkBELAg i be
© saifibn buractibn efisegetd to sexetal ceesndswhith gfiate efdbl art processing

det ect o.l'j IS sensitive to a different range of energy,
an§eRAR t.é('rn the detector assenblies are arranged to
20Pper at ewHieC e PRéscittineéntion naseoded debiribad aithr mspect to
signal s representative of inpinging, ganma bph tons}e%nd
ne GXEERKINY eatbadiments dhereof, it will be understood by the skilled person

that many variations and modifications can be made‘thereto.
| As indicated in the foregoing, although typical applications of the
present invention are security checks for airport baggage and detection of
25 buried objects such as landmines and antipersonnel mines, the present

invention may have numerous other applications.
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a data processing unit connected to the outputs of.
sai d detectors, capable 15 of generating a signature

~fromsaid si gnals follow ng the application of said
pul sed flux to said item iﬂgl uding tine-rel ated

signal features, and for conparing said signature
Wth stored reference signatures. 2. The system of
claim1, wherein each det éd¥AdMSassenbly conprises a
20respective energy band-pass filter. 3. The system
of any one of clainms 1-2, wherein each detector
assermldytec@wpsym cnyxisingi:l | at or coupled to a

phot omyl f.i e set f i bl i ber )
opt i cg%cg%'ﬁ'glls? Eﬁxi%éﬁ%n&fﬂlﬁ% 4 i Sﬁyh‘g’?ﬁé’?o EE#E% articles
ibel@dingivetreneutsai dand@a:mmshqtnds gadhra drhotinanssid Bur towards an

FORRLbS B, bl AR R R gEATa e b gt
iplsaghitem,on source driver for allowing a ion plasm

t Y . .
Cont 2 BgRRcHEH AL B55gh s B BdPuf £18E! B ARAED Boporsive
el reatroosl @sd @as‘mm phoibgh comingaem saidsitenaang impipgingtthereon in

rgsg%rggsig c?% o’t & e%‘(cé *: %aLii% geu%\égr%ﬁ" L @te @bA %e}%lf:\ne to a

utlo rons at a di stanc
duﬁa&n&aarrgesdcmngelamtwberem the defettor asmbiipatase g;ara@ged to

%@e‘gétgr %n §u }ré)rh\@a&eqéct%ﬂl 91088 50 n&‘elﬁlale %Errr?ﬁjtem éllf‘ erepresentative of

space charge current
mmm@rggamah phatwaandlneuteqns over’flme and sai d second

el ect_roge form it Loid §SteBSrd Qapable
gener at a%aapr censggw ?Jc?r';[scogb sa secorﬁéﬁe ecé}lro%eé%yf P

cfegenerating la sitmatanei frine Baidtsiigma s feliewiog the application of said pulsed
flux to said item, including time-related signal features, and for comparing said

signature with stored reference signatures.

2. The system of claim 1, wherein each detector assembly comprises a

respective energy band-pass filter.

3. The system of any one of claims 1-2, wherein each detector assembly
comprisés a scintillator coupled to a photomuttiplier by means of a set of flexible

fiber optics cables.

4. The system of any one of claims 1-3, wherein said neutrons and gamma
photons source comprises:
- first and second electrodes, |

- a plasma ion source at the first electrode,
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10neutrons interact with said target to produce garrma

phot ons. 5. The system of any one of clains 1-4,

wherei n said neutrons have an energy of at |east 3

MeV. 156. The system of any one of claims 1-4, wherein

sai d neutrons have an energy f at least 5 I\/EV 7.

The system of any one of clains 1-4, wherein said

neutr eawdw\eeioarsoertercgyeofor atiowisgstioi8 plsMa @0tairgng Fagerons
f a one 0 1-7, wherein the signals

W‘?‘@@PZ‘&""%@&%%%@PS@e&h@‘%sem i es cor respondgt 0

one st mghes fwlapplym@ Hedwdenosasd dedrcg:@mkpﬁdtngin@olﬁage pulse at a

e ot PN it Y Ao o P 2 oL St P D BRI rSlon o

' dét&ﬁr@ns C‘aﬂr@rdlﬁam@ from baibl| ssabng aetcapde so as to accelerate said

fl f I
AR SRl 250, e L ST B R o, s v
tmémnma?yz&edverﬁsand vaauur dlogls, bei ng i ntended to
react th n t
ot ect P SRERTT SlesPagtyRe [RbrbRet Botpiest ook logeperate
sélemelufronsmpcsla&e stoorglacldctaga by ateutsmon/lithicior irderaction, wherein
three dlfferent ener gy

tectl
P%‘Hﬁ%@ n 3'}?5?‘1"& S%?%Uﬁgtﬁa.pﬁ“}é‘ ERRHE R hge i s
different fromthe others, so as to dellver current
o SRR Ao B B PTG BT PSS 8855 ey

swtnmtmnegnal S representative of neutrons and garrma
phot ons t hus detected,

6. The system of any one of claims 1-4, wherein said neutrons have an energy

of at least 5 MeV.

7. The system of any one of claims 1-4, wherein said neutrons have an energy

of at least 8 MeV.

8. The system of any one of claims 1-7, wherein the signals delivered by the
detector assemblies correspond to one single pulse of neutrons and gamma

photons from said source.

S. A method for detecting properties of materials, substances or compounds
contained in items, compﬁsing the following steps:

- applying a pulsed flux of energetic pérticles including both neutrons and
gamma photons to an item to be analyzed, said particles being intended to react
with nuclei of material(s) in said item,

- detecting neutrons and gamma photons coming from“said item in response
to said application in current detection mode in at least two three different energy

ranges, and in
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5- generating fromtine-related features of said

signals a signature, and -- conparing said signature
with stored reference signatures. 10. The net hod of
claim9, wherein said neutr%ﬁs have an energy of at

| east 3 MeV. 10 11. The nethod of claim9, wherein

sai d neutrons have an energy of at |east 5 MV.
WRerefheaateereogy odingel i diff@eniwhienche offdbre sea@srterdelinerveurrent

ana { Ferpgé/semati% Q]L iﬁﬁ)ﬂgi}% &aﬁn%\;{hotons and neutrons over time,

- delivering time-resolved current signals representative of neutrons and

gamma photons thus detected,
- generating from time-related features of said signals a signature, and

- comparing said signature with stored reference signatures.

10. The method of claim 9, wherein said neutrons have an energy of at least 3

MeV.

11. The method of claim 9, wherein said neutrons have an energy of at least 5

MeV.

12. The method of claim 9, wherein said neutrons have an energy of at least 8

MeV.



