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concerns radi ographi c equi pnent for the detection of
conceal ed articles, substances and nmaterials. For

i nstance, the invention nay be applied to the

det ecti on of concealed meapons expl osi ves,

contraband, drugs an her E cl.es, iubstances and
materials in items gaphic Xquippiegl o g age,
airfreight or shipping containers. 10 Background Art
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Corporation. The PFNA system uses a collimated beam of nanosecond-pulsed fast

neutrons and the resulting spectrum of gamma rays is measured. The PFNA method
allows the ratios of key organic elements to be measured. The nanosecond-pulsed fast
neutrons are required in order to localise the specific regions contributing to the
measured gamma-ray signal by time-of-flight spectrometry. In practice the technique is
limited by the very expensive and complex particle accelerator, the limited neutron
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systens have the advantage of direct neasurenent of
transmtted neutrons and are therefore nore efficient
t han techni ques neasuring 5 S?econdary radi ati on such
as neutron-i nduced gamrma rays Fast neutron
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laboratory using neutrons from nuclear reactors or particle accelerators that are not
suited to a freight-handling applications (Lefevre, H.W, et al, 1996, Miller, T.G., 1997,
Chen, G. and Lanza, R.C., 2000, Brzosko, J.S. et al, 1992).

To improve the ability of fast neutron radiography systems to provide
discrimination between various organic materials, systems using multiple neutron
energy sources, together with detectors with the means for distinguishing between the
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bet ween various organic materials, systens using
mul tiple neutron energy sources, together wth
detectors with the neans for distinguishing between
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equi pAefiesH rps r $ubs 1a1 y mono-energetic fast neutrons produced via the

deuterium-tritium or deutenum-deuterium fusion reactions, comprising a sealed-tube or
similar generator for producing the neutrons;

a source of X-rays or gamma-rays of sufficient energy to substantially penetrate
an object to be imaged;
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seal ed-tube or simlar generator for producing the
neutrons; a source of X-rays or gamma-rays of

sufficient energy to substantidally penetrate an

obj ect to be inmaged; WD 2004/ 053472 PCT/ AU2003/ 001641
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Qjegeg{&hﬁ@ signals the attenuation of the neutrons
and the ray or gapma-ray beans and _to . generate
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IS A o g Sbsutng Y o el emated Bt Rem Hitpuross and
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neutrons-are essent energet
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more efficient when compared with prior art systems which measure secondary
radiation such as neutron-induced gamma rays .

The radiographic equipment may utilise one or more neutron energies. In an
example of a dual neutron energy technique, the radiographic equipment may utilise
two tubes, one to produce substantially 14 MeV neutrons via the deuterium-tritium
fusion reaction and a second to produce substantially 2.45 MeV neutrons via the
deuterium-deuterium fusion reaction. The measurement of the neutron transmission at
a second energy can be used to enhance the capability of the single energy transmission
technique.

The source of X-rays or gamma-rays may comprise a radioisotope source such
as ¥Co or "*'Cs with energy sufficient to substantially penetrate through the object to
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deuteriumtritiumfusion reaction and a second to
produce substantially 2.45 MeV neutrons via the

deut eri um deut eri um fusi on reatti on. The measur ement

of the neutron transm ssion at a second energy can be
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SItE befdly I‘B)GM a slot in order to provide the
col I'i |on The detector collimation shielding._ nma

made 116 OFICFIGR ABHHMAR FOMBYES Qpeas Rats elymps oéﬁ%%&lator plxels
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detector arra e source CO I mat or
HaY$ siiest al‘?ﬁ‘é"t@étl’é&ed‘ros%ﬁfrt §detesorcasTAymayeb QﬁF@QYﬁ mor e
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arr e to sense both ne I(h)rgsad -ra C{)&
Tt &yef eagﬁlayladﬁag%r\”ﬁ# R iy gpd Xoray or
@ashmaqgigndgtectomeoﬁmgma’ss or the detector can oper ate
Sequegilb al n¥11191%%‘5t ﬁ%?ln u%e{}@&ecd @lﬂ:% af el %Fgﬁn}‘g?%cyngg s closely

vantage o e sane detec
getighedrie the ocaﬁ@psx-ﬁmméﬂla@mmay fyrthps be surrounded &y amask to
r@diCAtieRt b pofthd Gaskh oF HRifBlRRS, VackR a8l hiRNg *ﬁeﬁrst reflective

u%lgacet tg YP%%EWPQ/{;‘ éhtsoéﬁ%g {)?cﬁf:m%e‘&lg %glg{ﬂlat(r)rr ai(he magic Wﬁl have an

opening to allow scintillator light to be detected by the photodiode. The mask may

comprise layers of PTFE tape and/or Tyvek paper. Advantageously, the efficiency of
plastic scintillators with a mask for neutrons may be greater than 10%. The material
surrounding the scintillators acts to ensure that light which escapes the scintillators is
reflected back to be detected. In an example where each detector array includes
orange-light emitting plastic scintillators and silicon photodiodes, the equipment may
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that their spectral response is closely matched to

t he phot odi odes. The scintillators may further be

surrounded by a mask to coverd at | east a portion of
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Alternatively separate neutron and gamma-ray scintillators may be used,
comprising, for example, about 1000 neutron pixels and about 500 gamma ray pixels.

In practice the gamma ray pixels may be made smaller than the neutron pixels which
advantageously provides high-resolution spatial images.

In a further example, the conversion means may comprise photomultiplier tubes
and wavelength shifting optical fibres (WSF). In this example, light from a row or
column of scintillator rods may be collected by the WSF and transmitted to a multi-
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be a function of the detection efficiency and |ight
collection efficiency. In an exanple where the object
to be imaged is a unit | oad de{i ce or ULD such as
those typically used 25 in alrport envi ronnents, the
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The computer may also be able to perform automatic material identification.
For instance, the transmission outputs may be converted to mass-attenuation coefficient
images for each pixel for display on a computer screen with different pixel values
mapped to different colours. In particular mass-attenuation coefficient images may be
obtained from the count rates measured from the transmissions for each of the 14 MeV
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out put signal nay conprises a 20 first output from
the first array of scintillators and a second out put
fromthe second array of sci nt I 1ators, where the

first output is rel ated to the neutron count rate in
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nﬁ};argage of improving throughput. In such an example, the conveyance means may
be arranged such that the objects can be moved between the source of neutrons and the
respective detector. Alternatively, the sources and detectors can be rotated around the
object to be examined to allow multiple views to be obtained.

The rate at which the object is able to be moved in front of either the source of

neutrons, or, the source of neutrons and X-rays or gamma-rays is partially dependent on

the intensity of the neutron and gamma ray sources. The intensity of the single neutron
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conmbi nation of two cross section ratio imges. Two
regions in an inmage nmay be identified which contain a
first substance, but only oné of the regi ons may
contaln a second substance. By perform ng cross
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Brief Description of Drawings

Several examples of the invention will now be described with reference to the
accompanying drawings, in which:

Figure 1 is a perspective view of the radiographic equipment;

Figure 2 is a schematic illustration of one module of the radiographic
equipment's detector array;
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the tunnel. The conveyance neans nmay be aut onmated

such that the object is snmobothly transported in front

of the source of neutrons at d0controllable uniform

rate. The invention nay be applied to non-invasive
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5.t he s attenuation coefficients
f or F}%lﬁ% a & agﬁ g LD containing assorted household items and

concealed drugs; Figure 9b is a dlsplay output of a gamma-ray scan; Figure 9c¢ is a
display output in which the image is coloured according to the mass attenuation
coefficient ratio, R, for 14 MeV neutrons and gamma rays R; Figure 9d is the display
output of figure 9c which has been further processed to emphasise the organic material;

Figure 10a is a photograph of a ULD containing assorted household items and
concealed drugs, Figure 10b is a display output of a gamma-ray scan; Figure 10c is a
display output in which the image is coloured according to the mass attenuation
coefficient ratio, R, for 14 MeV neutrons and gamma rays; Figure 10d is the display
output of figure 10c which has been further processed to emphasise the organic
material;




Figure 5a is a display output of a gamma-ray scan of a
nmotor bike, figure 5b is a display output in which.
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attenuation coefficient ratio, R for 14 MeV neutrons
and gamma rays; Figure 6a is a schematic illustration
of a selection of material sanples and 10 commmon
obj ects arranged on wooden shel vVes; Fi gure 6b is a
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C@r@%ccsffg)te'stg% tﬁ??(gﬁﬁ)}%glltsflagélvﬁragaé F‘l{a'lrghg gxe]\}g[@ neu county fegsured in each
wixelrasrumplgted over a fixed time 1nterval The sc1nt1llator rods 19 are made of an
orange plastic scintillator in order to match the spectral response of the silicon
photodiodes 21 to the respective plastic scintillators. The photodiodes 21 are optically
coupled to respective scintillators 19 with optical cement. A reflective mask is painted
on each of the orange scintillator rod and photodiode combinations to minimise the loss
of any light that escapes the scintillator rods.

In the primary embodiment, the scintillation light produced in a rod 19 by an
incident neutron or X- or gamma-ray is detected by a photodiode 21 attached to the end
of the rod 19. In a first variation, light from a row or column of scintillator rods is




sections versus 14 MeV neutron/ X- or ganmma-ray
cross-sections; Figure 12a is a sinulated count rate

w@Iooness4ron i mage of a suitcase; Figure 12b 5PCBAH2003/001641

10

15

20

25

30

35

simul ated count rate image of a DD neutron imge of
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rays and neutrons.  Shielding materials used include concrete, iron and polyethylene.

The radiation shields 16, 20 and 34 provide radiological protection for operators of the

equipment or other persons in its immediate vicinity.
In operation, objects that are to be imaged are situated on the platform 30 that is

then motorised through the tunnel 34. In the full-scale prototype scanner described
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scintillator rod intercepting the radiation can be
inferred. In a second variation, light froma
multiplicity of scintillatorl3ods is collected by
wave- | ength shifting or transparent optl cal fibre and
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mass attenuation coefficient. The mass attenuation coefficient ratio can then be
calculated directly:

R = pa/pg = In (In/Ion) / In(Ig/Iog) 3)
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through the tunnel 34. In the full-scale prototype
scanner described WO 2004/ 053472 PCT/ AU2003/ 001641 13
here the platform30 is typicéﬁly operated at a speed
such that each 10 mmincrenent takes approxinately
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The colour images combine the gamma-ray shape and density information, together
with the composition information from the neutron/gamma ratio image. The density of
colour shows the material density with white corresponding to no intervening material
and denser regions having a saturated colour. The colour of a pixel corresponds to the
R value for that pixel, with lower R values coloured blue, intermediate values turquoise
through green to yellow and higher values orange. The exact mapping between R value
and colour is different for each image, with the colour scale adjusted to show the
maximum information in each case. For the ULD scans, an enhanced organic image is
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Figures 9a to 9d illustrates a ULD with drugs 124 concealed inside two

computers 122 and a fridge 120. Whilst it can be seen in the gamma-ray image of
figure 8b that the top two computers 122 appear somewhat different from the bottom
two, it is not clear whether this is a genuine difference in the structure of the machines.
However, in the figures of 9c and 9d it is immediately apparent that the difference is
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the right hand bl ock contains alum na powder 96.
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g%éggsk%igﬂ%l'.ilgJ aEl&a!gke@ ddrﬁ’%sﬁ Ckfh? 1{ i rgohggst atjouqﬂ nﬁe&r{l gﬁlﬂy blue

ron I na
clirozganjc pelayy svaitﬁ% coloncebihe eiesé g thei Q,ompulterrustrgctgzp Bifoviimilarly,

as 1s’inoty<§édr0ﬂ‘$rﬁ B GEmRALER imbE¥e bhﬁglu%fgb bend Hinge 196 whether the
t he ddl e,[hs hel f are position contal ners,

oy 8 hE ek GF hPomath 1 DB tanHrsHEe i e fides or not.
oW éd2 0. figires 9abhabhdlit @8 whaes tl@alt&ﬁé biyoragly ie4 ng cIé@ﬂl}i‘ organic

AR oo Mo B ot B ia ol 3R GO R o gl 9 of e e

t(repautiedar, figocongressonl 2 oatehe Rwealright aml th diorer namphyment at the

FoBENAHR, Ihe BRIMRER an ic i 'ﬁggﬁé H‘f'e &%n@&‘ijm‘;]&ﬂgs 124 are

104 ex I ves . show as the sa
1P s Fisib B?nt qsdé fiopalpoRther grgenie &!@%elﬁ%rm %UL&( otahly ghe wooden

@mervheg bzg baﬁn@mled fridge 120CAIahe €ORtaRIen of gvatemlzveco%@w of the
bf%% %ﬁflv\lgl onI four are visible, two fil
fige L20N Ao Be 8 uB 35 FrangS 106 (40% et hanol . 60% hetor )
and t wogifred 1Gadtoiiot hllwstrbeera £6éhd BHBI with tdabc@ioeﬂbd)ﬂrugs (1 kg each
f
dr?o ﬂreg(ﬂn k%gg ?] At taﬁlpﬁ(g eaﬁergﬁvif(‘)gligﬁé&(ig sd%e a:ﬁigh?\p/)}:oncrete
kh ok 132rnilke F‘@tham@@m%ﬁsﬂ‘t (63 hlﬁéemmsﬂb@ssmﬁibwa iwhich is placed
0 5 2 O 1 TR AN 1 SR s
1§§Yfﬁf%tdf6‘?m %ﬁn&lbéﬁe {ompostdmgeshokliigues Bgands10d. Once
clgpiag the.enhmcadl lorgahfoaﬁlage gﬂﬁg&e 108 effé¢tide1}ﬂ@véﬁls e %oﬁﬂeaed drugs
t air
00835, SBHBRL ATl TRt Bl 2 T
rosthe afethamephstaakin g34mtcen¢®ledtm&un Hiwbok Bérafeldthing elmmedlately
gfeﬁﬁﬁr’che @&)ﬁf fRRIF %e ﬁeﬁ‘gé 146)01'2l Sp?ﬁﬁéfrﬁ Hﬂé@ﬁﬂ%&aﬁ&& Ls R&Srevealing

omtted so that obj éct

AP 8| §pseednowever derpackygs gledrugnakd4i eanr baidanyifiednssta potential
dhBalyoil tHe Basi€ onisd ﬂ@p@&{&hg&@mﬁ cI ut tered. Figures

hous o dGPEEPHE siipmeple, dapptid, i of dhod el fspapwoys for

cloteptingand {2l fyingetontratpadtrssterids.| Binsthyo ﬂmmrﬁnbkmhﬁges provide
Jc%ﬂs1de§r§MQSﬁlf taﬁ af)&][t tﬁ@%e‘% B{(z@ie and rdfeﬁﬁilé ¥\f b3k CRside an

f1rgurines
b’@lf&% %u@h BS £ TtJLrPr néomérsuél?lelggs ppegerialy earc bn déentidigd on this basis.

Mattiular Qﬂ@m@fes hsile B%uéléfssofz@fugﬁl @oﬁd&§l‘e@ SnsPaEe sﬁ%t:est &€cavities of

oncret.e p pane inder 128 i s al so
i lGur o et aorceondDlbel lrgfiicot fia Privsvar dusge on the basis of
phupogitiaphnfofmativm dirived caomehe neugon enedbursiems prdvddes powerful
extra clues in the interpretation of scan images and identification of suspicious

materials. In particular, the detection of organic materials inside predominantly
inorganic objects is greatly facilitated. Thirdly, under certain circumstances, the
equipment can be used to measure the neutron/gamma ratio (R values) of suspicious
materials to further assist in their identification. This approach works best when there is



results of the gamma-ray scan only. Neither of the
packets of surrogate drugs 126 are particularly

W@bwitoss72 The propane gas cylinder 128 can be PCT/AU2003/001641
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identified on the basis of its shape, although the
organi c nature of its contents_is not clear. Figures
8c and 8d are 25 col oured acc&ﬁdlng to the
neutron/gamma ratio R as a result the i norgani c
187d o} e _surrogate
dr ugsv%Zébra}% ljggte%%/ éﬁ) ﬁ’f%g %t{eﬂ‘gmﬁs YAl 8r when the
n@eEr and gnd@s-lsana rial nﬁere@mmblwemn m iartbe mmaustemamy of the
TiAGa SRR ?é?%hg/ Unliler MBEEarduiRednies, th?mggﬁlb% fo ﬁlgﬁpérp g‘l?%ommate
t 8ys

are agé the operator to maxinise contrast
B Oa?ttj’arﬂf QeiEpnsy g SamEpg ey & thecayieandginder-lying
ymhﬂenml tamﬂtanmmeémdalﬁ@oﬁy‘uﬁtltﬁ% Subsfcd @ﬁnetésect s of

clutte t fromoverla ct the res
Lt oL T, S5 BR, TUBE: i e I euton
clomsaaistg ¢mbgdinie@b fonnldbdVedenmtd f2.45. MEVgH®eev8A the following

%sdds&lgﬁn%fﬁéeﬁghe% tbHR Wal E‘l}éi‘é}“dggnsiré% &%Ctﬁﬁ“%r%gtt en%izﬁ%esbtg 2.45 and
sk M"ﬁ‘%’n tHavey shﬁﬁlﬂfwng Igecperayt neuffl‘log Uraas@issionadisquisgedt prpviously,

tthﬁbecaﬁjﬁtﬂrﬁésS aﬂ&&e@dﬁ?&ﬁﬁt §£UEEM@F rz%é‘rftﬁﬁ@ Ao Fih AL T& of single
om35 t ether this is a

ot
g‘eeﬁifolﬁ b aﬁ?”f“ﬁ%?% r?Bg t‘iV?] C’E‘}Sf% S%“tt‘toﬁé?tlﬂsé’a’ébe ereulaigdni nes.
Howev &uppose thitethé |cgmrrterste9f1n pattivildd izl fion baBNEIEiaaE QY 114, 1545

PO By o hes G BBy e bR oy gL piteral m

rheteeqnalthe gourchoomd k@ptqchen bipdiglst amd athg e(uakhamr) afass attenuation
tdoesRidRILONBIs V&h&t@nﬁr RS 4R fev -H%&tr(g 2t4’30 I\fe%%{:t%ﬂ% and X- or

122 contain -1 bags of plastic sinmula
RS VT aﬁw’éizﬂsaqdr%r@chwt y,thy thﬁ gelations:
predom nantly blue (inorganic or |ow R value) col our
f t he rest fet e cqQnputer structure 126. Slw?Barly,

Yt is not fé‘ HYEm t he gamma-ray i mage of ¥'Ygure
9k of =t he f MRxdge(-mRLY whet her the anomaly in tse

tre of t | sypart of the structure of,the
???dge or ng§44§€§§%v? , in figures 9c and 9d 6? can
be seen that the anonaly 124 is clearly organic and

i N CORthEASR 4! R2 Es%d )fgfér@eﬁff‘@&ﬁ{fédy 'tﬁé’&gﬁft‘ fteS Fdr UGt Mre@' neutrons

?Intt g'ﬁ parti cul ar,
o‘ﬁp% S BEa R ofeEeRiEraYF PR 1 FRITREINE PBiESiR present.
compartnent at the 10 top). Again, in the enhanced

o 2 Se LTRAR Abn MR e ERGRAY P o 12 are

rgani c materi al
in the ULD (notably the wooden shelving 128 behind

hegufri dge 120 and /RN of wat er 127 the
tueft of the fmolgOtg 40)ﬁg|c%g& (g

le WS up as oran
Be¢iiiés 10a~t o Tp p5(Rexep) é(r&/%l@cond ULD wi( }1 r eal
conceal ed drugs (1 kg each 15 of her0|n and
rretha e The heroin en |n
hol | ow Cothgt;%%@ﬁef&e% Yot e "f% © ‘?nl’ig ﬁ a?e;@l pLesent in
thederem Yetw pabethe sered andodetectoashi ch is pl aced i nsi de a
| ar ge T @b sL.3Bbh khifs i bl
nat ureroF ts 3 Cloncr:ea e@g@%l Jg Q! bﬁ'@ﬁ)EH& (gﬁﬁ)'% § wide variety of
organic and inorganic matenals to be distinguished.

Figure 11 illustrates the ratio of 2.45 MeV neutron cross-section to 14 MeV
neutron cross-section versus the ratio of 14 MeV neutron cross-section to X- or

gamma-ray cross-section, for a selection of materials. The availability of two cross-



is evident fromthe colouring in the conmposition
i mges of figures 10c and 10d. Once again, the

we@ndvansad® or gani ¢ i mage of figure 10d ef fecti vBCHAU2003/001641
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reveal s the conceal ed drugs 20 130 and 134, especially
the heroin 130 col oured yellom1|n3|de the concrete

bl ocks 132. As the nethanphetl8nine 134 i s conceal ed
MAthIn the box 136 of clothlng (|nned|ately behi nd

t t he bi.c
dJ% g P hoﬁt }%Etﬁeﬁ Sn]?aé’ggs Il?\%@%\lﬁyn QP ﬂi‘% 1945 nBEOIb & éP istinguish between
Hbfereat matdralyp a(éﬂmgplenﬂy,dmagssmlaﬂ t}wathréremaekaattdnﬁatﬁdl asefficient

ainﬁ%@@ ng\% .mi%ﬁﬁi@rél/_ﬁe + 116 BARLR. & et Sbrlééﬂfe‘%% examined to be

ensity radi ographi ¢ equi
dped can be used in at least three ways for

det eCtFlgiﬁrealld ilhiaRel fide NAGRRRAL BM Jrehghd ?%ler I 1]1tron energies,

F st mages provi cons
o ﬁ%@ﬁ&ﬁ@%ﬁ{%ﬁ@ @rﬁaﬁg@asesl%glown@a%rﬁf 1% tyf2e. Images
olﬂaelnt Bci dustegigondnto ethatﬂmsb(&yl ¢h) asl $6) Ldg@ sh&f)niﬁe transmission of 14
i an entified on asi s.
g\u[r% } Ir%:uﬁ'g 1S, gié‘rtgel{/f grcgaé)e@a-&ys&ﬁ]oggtwe?y SImages 12d to
cl@gceoatesppridnioi Q!Bla’smc(@ aud (8)aand skesw dic BT/ XKahy and DD/DT cross-

WRESGHsTesp § il'y, the colouring of the ganma-ray
i mage asis of conposition information derived

n .
from th %@ Wéte%%eolrﬁ%’éaﬁu%ﬁ@ sloghieg ic@pogedvlr eatton and mwol, and
Qioﬂ%&lsl Variol® beige R Shepidiens 6’5J6&§ aBo'ttIBigﬁSC(ﬁfﬂﬁns water and bottle

Ao e BEE S0 F ot e s e 150
m}m;b@rhadabd)dlg/l 56, heogarfiscand X tegplosivg 6@t Aygun 162 is also visible in
ftﬁ@h%ﬂe&ﬁgefj?ftﬁgb&%w 51(5nder certain circunstances, the

n

used to nmeasure the neutron/gamma
ratio F(@n@aqoaé@moml XugpinedgsdLce, m@fﬁ(altsorumpéssthlhm distinguish

mﬁl thé cbitents of @ren&;}oflbd%ﬁég 2D '§Ji" g@%hggg% 41i56 158, 160

t 20 4/053472 P
1‘1&1ptnlg h@{;lequ?e @‘fthg sagsrthe aﬂﬁ Sirail eaq;mgs( dhadentren images 12a,
slabspramle rheﬂen@)nﬁ’aﬁslbmﬁden tHe Mﬁfbn‘t Rfater@N € Mbut 3RE best results are
G BLEr i s..reasonahl.y rmin
:6?}? Tlgffda e Vi c'frﬂ? até?n #He lmﬁ%‘*é@‘?rﬁéﬂaﬁ? ?[B @F‘%’l‘f“ltafdﬁlaféboc’k 156 as
tshewn i ﬁgm@sréizaurdeﬁb vittually diseppedork én figuremk®d amd 12¢ as paper has a
%ﬁﬁﬂé}xd Sitioli ¢b r’d"?&%1 UG Jl&gl %hgf%l%%é e cﬂ‘[l%sn 58 £PRBure 12¢

rays int eover-

géixplé’ﬁl"ﬁ dn%tﬁ%h; A6Q A figuieg| 124 wxd }les@antbpeclwbs disHoguished. A
@ieat aifer@fk is Asé ANt bebREirseMd ARIPI e tvlehqRd BHtﬂE@contalmng

erdl%al @nerg,yg ast neutron transm ssion enbodi men

%5 MeV. However the fol | ow ng
dl scu$sa dimstalasatiapol the slusloneduben duasmssien g)ethod the operator would

}\fg@?%ﬁo%hﬁ% iitdiﬁfaf I%egpf;orﬁgﬁl g(l)ﬁ:“ St IR tvo c:5rP$ sr%%)% [3tig images.

weve e ener neutron
dﬁ&@@é@orﬁrléwlwsmp twe omtamsfaeée @@mhmed areemljustasd by the operator to

Hﬁ%@rﬁfs@ @odtrast aﬁ(h séi’l'si’ﬁ%hty et &ﬁﬁrafaﬁﬁlnmﬁﬁéﬁal's Al B nfiABEsPhhe effects

utr smi,ssion, and two-cross-section

| e
rogf:ﬂlggr ’i?ﬁ‘ﬁtl% EE’I (?:Vﬁf PNIRE OiGfHose that the count rates
in a pmutdsclBaato pBixdlludtracers@adited MAgRe Qeiitldh afid® X@ay images

?&ﬂﬁ&tﬁef éfpaegonlté{ﬁérylﬂ)g %Eg'rfe FhORRS sk ol %o%elr hlg?l c{ens1ty, the steel
pipes 176 dominate the images, makmg it hard to see the outlines of the computer
equipment. However, by forming a single image, figure 13c, from the two cross-section
ratio images given by equations (7) and (8), it is possible to remove the “clutter”
associated with the steel pipes 176, to reveal the computer boxes 174.




bet ween the source and detection points and the
(unknown) nmass attenuation 15 coefficients of this

woredoeosal2 f or 14 MeV neutrons, 2.45 MeV neut r oPGT/ATIZD0X001641
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or gamma-rays, witten as 914, 92.45 and x
respectively, by the relations: rl1l4 = Rl4exp(-nBl4)
(4) rx = Rxexp(-ngx) (5) 20 $2.45 = R2.45exp(-nH2. 45)
(6) where R14, R2.45 and Rx are respectively the count

g?t Szmrﬁpg\l]%a%/ﬁﬁ%gﬁgnc?eﬁ%g?%gﬁp ﬁ%tNé i n’rg)t 1@%3#2@}9@1@ a linear
25mbheationed smegest(7 pmd @) ioequiatend ¢o cdbmﬂgiinmge pixels according to

ohzqel?a gaxlze B a‘i{argl&fgl?,gg&ﬁgwa{g% H%Yféﬁ‘?gegf% BXShoosing this

tlnet topbe maxstlck We§’é0 selested meateridln cmpyeeriehinaton ofhthesmgwaterials is
ol dTRéE thedaml Eﬁtﬁ@texérﬂplet(f@u%ar@hg eeeEethdsBe toSQé‘ p&@llel to a line

d d X 0SS- sect on rati os given
2%88? 16‘22? e@%ﬂ%ﬂ& tYé?I}edwc ei‘t the coBPYLeEy I Brigway.dhe steel
qnplesl aarbganade tU&ztrgéllyaJaﬁlsh Gviaee mbys ohRgHifeRedf thel @ipatelsl Figure
1I I YRR %Srestulﬂgo{"%t' o of 2.45 MeV neutron

cross sec i on S IBCFSS35 neutron cross-section
versus the ratio of 14 MeV neutron cross-section to X-

or gmu§@$n§ rsﬁ’(ﬁlse lé 9? thd er\/eﬁm%eﬁa%e&{?\gai&{lssed it should be

rraterlals he avai | abi two cross

FOOHECTESYhot WMW@G@F@M@@Y aup efeibe meny ukilisips the principles of
fthé ﬁrh%htl@ﬁ] hangesin e aBbid b)Eaan)é thé Qadha[ﬁbﬁ%hf?:@s b situated on one

ARLAE e Fectih 1 rantindd S He, FteEbis el the omonsitg sigh in o first

C\(aelﬁﬁcon:; it sourcaveage sitwate doatmo vie ok belvst therobideoud bé Beamined, with the

SRR Rofiod it obe B AR A SR RSheck P50 B second

URriAEon ag sqveess o defieetor e, be rot;mi ateund fhe objestitcelteeekamined to
| MBS uRiplBvieHs tt& B8 8bthrfeds hﬂ‘gr’chir&‘ vl fhy itf;ﬂg E&% 12 @ouéces and

2a to 12¢ correspond to_ equati ons
(iR 2590 I Ao R BMS GHLOFHOR IR MRSk WS of the same
2)b§leﬁ:t N\& fertthr watiatiam dn¥itipty s oM Bete@ys 4re §dd\/ﬁ’gﬁr(1c18 )a central
Qrre 0 e ua | ons n
[ TNEEREREIN I R N
r es pe&fioputsy, inToperations objsets 150 ars td bd: seznined htaydeopdssetigthrough
GRIMESRI & a Cg%%&?oﬁ%gltv\@lmwma{é Pﬁ)rl]lg%gg %ﬂ %ﬁlg a suitable

beni gn and su ous objects ot t
VBEBANIERd bottle 154 contains spirits. The three

bl ocksvivissiihl BeOibdveeehByEmehi, HRE t@sfo trzﬂﬁatﬁiﬁ' £6a8& 4RO operated
esg%qegﬁel@/agsl%bagjﬁctglg %Cl}(af]ég Igcr)]lggrhg Q \e}% Y51 2[n a§1[1)rst variation, the object
is scanned through the analyser twice, with one source being operated for each scan. In
a second variation, each source has a separate associated detector and the object is
scanned only once. In a third variation, the two radiation sources are operated at the
same time, a single detector is used and energy discrimination is used to separate the
signals due to neutron and X- or gamma-rays.

In the variation (dual neutron energy embodiment), the radiation source
comprises three separate generators of radiation, one producing 14 MeV neutrons, one
producing 2.45 MeV neutrons and the last producing high-energy X- or gamma-ray
radiations. The neutron sources are sealed tube neutron generators or other compact
sources of a similar nature, producing neutrons via D-T and D-D fusion reactions.



15 the upper right of the suitcase 150. From a
conventional X-ray image 12c, it is difficult or

WO pessi4nt e to di stinguish between the cont eneGT/afi2abe1641
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two bottles 152, 154, or the three packages 156, 158,

160 on the right hand side of the case that have

similar densities. The neutroRlinmages 12a, 12b

provi de nore contrast between the different naterials,

but t sults are 20 obtained fromthe ..

o 05 1B dfiRh PR, Sy RG RS PPTRIE Il a3 dhe iobigelal, scanned
ttheupiodke dddbyses. Insd Gicst \ranaﬁd)rg Lthe 9bjedaisasvdndetbthrough the analyser

Vdnre% Lﬂﬂés %ar Q%g%% eltnlg {a(t)eefﬁ% %g% ?s?c%ﬁ n%l] q,.'@ecogc? I%fanatmn each
@Iomch |hnga seflaete associnted dietegor 283 thervbfdotisr ssarirzd ondynonce. In a third

ARLOS, rﬂ?‘tr%ﬂeaéisthg-%)mbﬁb fécﬂl%egsafr%%ﬁeﬁﬁg at4ffe ?aﬁge Bfhe with a

clearly |st|ngU|s hed. ear ence Is als
sihghe dptegiar, wnfllegaﬁgérsdla%nlaﬁt@mwsséttmnméh st sigeals from the
dogH efgyieutrdhs, Wek @herkD Ae@iths 2Rl X- 108 gdiatha-rhiks. @ first
variation of the dual neutron transn1SS|on nmet hod, the
operator would forma new imge that is a |inear
conbi matild e afpptdemtediby qremeas skitlied dn thatartothiatragmsrous variations
1358/09 r 19188%%’[9(%1@ krﬁxgv\@é Cllﬂatﬁéj ol éﬁg 1%%?0‘71 Ak esho%ﬁo ?et%e specific
are adjus imse contras

ety wﬁl@ut dmt’cmbﬁm thatsemtaqrsscam of theninvemticpeas broadly

t@%rﬂeﬁe%é pra@ntdmEd bR afel ﬁiékéﬂ)fw td 6O H&r@i’&fé@iﬂp&ll%spects as
Q;cts |9ures 13a to 13b illustrate simil ated

t3bve A AePtSetvey i mages respectively of a
contai ner 170, taken fromthe side. Due to their high
density, the steel pipes 176 dom nate the inages,
making it hard to see the outlines of the conputer
equi pnent. However, by formng a single imge, figure
13c, fromthe two cross-section 35 ratio i nages given
by equations (7) and (8), it is possible to renove the
"clutter" associated with the steel pipes 176, to
reveal the conputer boxes 174. WD 2004/053472
PCT/ AU2003/ 001641 20 Thi s approach can be understood
with reference to Figure 11. Choosing a linear
conmbi nation of inmages (7) and (8) is equivalent to
colouring i mge pixels according to their distance
froman arbitrarily orientated |line drawn on Figure
11. By choosing this line to be parallel to two
selected materials, any conbination of these materials
is 5 coloured the sane. In the exanple discussed, the
line is chosen to be parallel to a line connecting
steel and the pol ystyrene packagi ng of the conputers.
In this way, the steel pipes can be nade to largely
vani sh where they pass in front of the conputers.
Figure 13c shows the results of this process. 10
Al t hough one such exanple of the invention has been
di scussed, it should be appreciated that such an
enbodi nent is only one of the many utilising the
princi pl es of



the invention. Wilst in the above exanple, the
radi ati on sources are situated on one side of the

wWoDRjoens34'D be exam ned and the detectors on thBCT/AU2003/001641
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opposite side, in a first variation, the sources are

situat ed above or bel ow the object to be exam ned,

with the 15 detectors positiofd2d on the opposite side

(bel ow or above respectively). In a second variation,

t s _and detectors can be rotated around the

oﬁﬁ@i&l‘gg@é examined to allownmultiple views to be

obtained. In a third variation, nmultiple sets of

sources and detectors are used to all ow sinultaneous

collection of multiple views of the sanme object. In a

f oy §.h Xiang, aXi, OWp, @l thni,eLsé}Vsng;fL dedded¥arH., aIOE)S “Progress on
e fc of,

ddflgﬁgﬁ‘% ?g‘é&tﬁ?& 1& eﬁeg Cl(()]rll,l I%?st%rﬂy 7S tilfa%rd]z%%(ﬁft iofl 6; Isotopes 58

BOPHS r3r¥ operation, objects that are to be scanned
may be passed through the tunnel on a conveyor belt

i N d pysh t hr ough usi ng . a suitable

ﬁ%e#&n@ﬁ? Rl 2@6' d P SRBRWS b BeterhEie concpled spstances”, US
rRederat51490,028 (Dee26atW9pper ated 25 sequentially as the

obj ect is scanned through the analyser. In a first
variation, the object 1is scanned through the anal yser
tRareiov, whPh  BreenleuP€s dnsi NguopeoubsdGf,02008acNBIdSN- a neutron
|é’1eméht§le£ﬁﬂglsv siedtf bP @odmfﬂﬁﬁﬁleg E)ﬁﬁet?aiOﬁl S@i@igé %tfq\latmnal Drug

nne

socr$ det éctor_ an sca
l Hll%YIt“Fﬁr’r‘%i1°&181r$35tlli’Q§Hlmthe two radiation sour ces
are operated at the sane tine, aS|ngIe detector is

ed ,and nerg di i gi,nation is us to separate the
:L;%r g?k@n atg ko 12@” réﬂv?cﬂjt%geﬁ(- a%ff E%rfﬁféoqsaf? . ?1*-34?‘6 eneutron
vadiogtaply’, Nmuhabr Istriments enéMayhodsBdi(heg) ) 19418 &.
radi ation source conprises three separate generators
radi ati on, one producing 14 MeV neutrons, one
ﬂ?"gﬂ%lfhg 20015 “Gentrabend dstestiom dyt fast newrom scattetingit g 2™ National

hipglese TeEib 1oty (nfBRANENARY, Sotdth #idaOtE15 ﬁ‘%ﬁt@?#a&@r D-03.

sources are seal ed tubé neutron generators
conpact 35 sources of a simlar nature, producing
rEheny GNsnd ilanky, R.aN2DOPFats notrde Asbh-2086 radl‘@r hy for elemental

053 03/ 641 ion .. .
%19%)&1/ gtnél oﬁg;le—e/r al‘ﬂzgo ogcﬁa%t %twgagn ﬁgfkﬁﬁy@rgger} énolysm using
Newtnens!’, Cape Eo'gh, $dwh Arﬁla¢ay§3}r26 Qatoter 20065 ppyv3ir-B&it i on,
the object is scanned through the anal yser three

[#Pr@ W th _onpe, source bei ng operated for each scan.
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f Sg?mn(ra‘ut ) gl’-@“éi%sﬁ%gé éﬁ%{lﬁ@m{%ﬁéﬁ ﬁﬁﬁ_{\ﬁdl%i @n&fﬂt&e&xds to
et YeUREItian spraeyBmfingdst f(Ollg@g)an gomegioihe rersived wacrey into
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Radi og, CHERTEH ¢ frigS iR obRctS BEREn Ghe Sources and the

substanti a Iy nono- energetic fast neutrons produc
h&"™a% deuteriumtritiumor deuterium deuterium

fusion cﬁ@pﬁﬁﬁ@ﬁﬁans%ﬂ@étbfﬁhﬂﬁg Frone Hedledtridde sighals ﬁie"ﬂtﬂeﬁﬁaﬁon of

ener at or oduci ng t he eutron a so

ROSHROR] anlle BE-PRTE iy PEL Pl g 4ot represemtng the
sniss tdistribudionyand composition of the object interposed between the sources and
detector array; and

display means for displaying images based on the mass distribution and the
composition of the object being scanned.

2. Radiographic equipment according to claim 1, where the X-ray or gamma-ray
source comprises a 137Cs, 60Co or similar radioisotope source having an energy of
substantially 1 MeV.

3. Radiographic equipment according to claim 1, where the X-ray or gamma-ray
source comprises an X-ray tube or electron accelerator producing X-rays through
Bremsstrahlung on a target.
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for emtting substantially fan- shaped radiation

beans; a detector array conprising a multiplicity of

i ndi vidual scintillator pixel8to receive radiation

energy enmtted fromthe sources and convert the

receiv energy into |ight pulses, the detectaqr array

i gn egiamgﬁa CqUAREH periding dp &Y GRC BE ieepresshingerieims, where
fth® MRt WeQﬁ’odm:leé hemiodk havitlg Gabdtartalle higher energles than the X-

ntial |
SR BB R 18 e Bl B Blrcb it B Hepzon and Xoray
&X rgagm a:myvsexusqee rareredangefigo peen throughnthetdamel slghi the collimating

%&eﬁldoﬁ %gi#fee Hetblof Qﬁ‘ 6 Dled! lcé’ltngﬁscin% fw‘ﬁQﬂﬁ Ie]gﬁ(%lh &#!plastic or

S|gna S; I ng nea s for conveyin
Ktk OFSanife S4B %@rs ‘ﬁli*?de tdigerimipatips; betvsen dhe @ﬁmma'fays and the

GRURGK 18 thade 3R $hef isGE HRY diefbytHey A&kt REthe s@atindtea!
signals the attenuation of the neutrons and the X-ray

or ganma-ray beans and to generate output representing
the nieslicgragthid bgtipmentasdokiimp as 'am'v one of ddims dbie8f where the

sggﬁgg 88 Sgutfb%g Wi B(-H}eors é’agllrxrglg %ag& I g ] ﬁ%% ?t %[})ggre ghé}é{}gh the same

tshed lﬁﬁl@scqi 1@@hlilg>blopk) ﬂndiﬁdilrtgh% detedamparsiyt isorsed compuising individual
Pk REbT ﬂﬁétf&oﬁﬁﬁﬁm 8. scﬁﬁﬁh’&)g MRRL theCititBABRE X-ray or gamma-

according to claim Q_\lgere t he X-ray or gamna-ray
JB(PWECTS FhpPResaied altene; 60Co or sinilar radioisot ope

source having an energy of 30 substantially 1 MeV.

e, TR ESSUAR 1B o Dag Tl e 0o

ébemsw oh newtnmk emd t X rajppogdanimagays amyarangedtmpass through separate

gggbgfﬁ%ﬁgm%g@ A&Et g%glo\rﬁgtﬁggﬁrggsgérz%s?d one comprising
31&31 Irigjxely ofplpstimer ligrid ﬁ@aﬁllcéé@ﬂﬂﬁfgr iqréhmeteqxpre@fethe neutrons

tahe dif%uédn%h [r%l%é]?cﬁi%ﬁ ofelastieN SiqhidVéifhorganic scintillator for
%ﬁ’éant %/ gher energi es than the X- ray or

315 G Ph&ANaTayF- or gamma-ray source, where

the neutron and X-ray or gamma-ray sources are

?E)Ir lalng??adfogr%ﬁﬁﬁ %ﬂtélg{n?‘%g Q%cogcﬁ%% ?(Fﬁafs(%n%t f Cﬁ]aillhlé]ﬁ t())/ 6. Where each slot
@8 dlep savserparidsdatertormudilitatoes| arp iswiciendy Vpdagct emsum full illumination

|o'f@ﬂ5 S AFRBY theSolitb] Whilk ﬁ{mm’ﬂ@lﬁg eheleBetibA bR @&alt&Rd radiation.
bet ween t he ganmma- r ayS and

8. Radiographic equipment according to claim 1, further comprising a second
sealed tube or similar neutron source producing neutrons via either the deuterium-
tritium or deuterium-deuterium fusion reactions, where the second source uses the
complementary fusion reaction to the first source.

9. Radiographic equipment according to claim 8, where the neutrons from the
second neutron source are detected in a separate collimated detector array comprising
individual pixels of plastic or liquid organic scintillator.



neutrons i s made on the basis of the energy they

deposit in the scintillator. 5. Radiographic equi pnent
w@ewensismy to any one of clains 1 to 3, where PE¢EAULD3/001641

sources of neutrons and X-ray or gamma-rays are

arranged to pass through the same slot in the

collimating block and a singl &detector array is used

conprising individual pixels of plastic or quuid

o ani sclntlllator where the neutron_and X-r

adiographic equipthent 3peqrdingdo glafma S whereypne Péﬂ@ first or second

Fmrdegcsfammnecmus @ﬁamterg@c&omﬂjsfagn&lgz anyMevieandf the | @hd¥Ssource of

Wh h d X-
ey R et Bf sRbtEDy F458T Y ongh Separate

parallel slots in the collimtor block and two
t ect i | ik .
S el s i RS eofiRedg TRY oBb B8 id ISt hims, where
tthe caBy@son mesns tCﬁ@Pﬁé@t # heral ﬂan@f phadodiodsy mdiereip the scintillator
i gheMhicidadel detabR] fo BhvePhid Shligsiod W‘A’v‘él@ng%ﬁ stBQEBRNY Cmatched to the
scintill 20 detection of the X-rays or
grgwsq.%@inepboto 8%%gr aphi ¢ equi prent according to any
one of clains 4 to 6 where each slot of the source

10 288 o P iR e Rl B e caims, where

dbeireavergion| meansi eemprisen gerossed deavetanigtin slnﬁlrg: dibresr eaipled to a

rlﬁglltlglblgno %Tgor fRafi- %ﬁ@ﬁﬂbt‘énﬁﬁ 1P RMBEs. according to

cl ai er conprising a second sealed tube or
simlar neutron source producing neutrons via either

tie deWrRlidgiiphid fdtqtﬁiphd{ﬁlﬁ) racg&!din%r to QElzﬁ’ﬁU f er bruRlafHS1BNwhere the
ns re € secona source us
15 e B alt G oo B0 BRAASCT e for 0fer it pwsmisgion of the

SeuRagl Ggmafhlei reutrquispuresatand dhe Xatrayy dr aainsd-ray8 thiolgh ¢he object

AR B0S: HE S0 B PRI R LA i s, o .
d8YoT SAHBA-TAYA @nfstmlmutr@mféfprg thesf sepprbnguéron source thr@ugh the object
Hef@cenre@ ntill ator. WO 2004/ 053472 PCT/ AU2003/ 001641

26 10. Radi ographi c equi pnent according to claim9,

20 where one of the first or second source of neutrons

hisls an Rexdésggaphid e@upmter&rﬁdcaﬂdhng Mclhﬂi/laﬁd'héﬂ&eth@ttﬂaﬁﬁmlssions are

e of eut ron S _an r bstanti a .
LS g Orouf s P e BB il R RMEY bRl R gtisptay with
ahiffersnie pisfel tvalmeprreapdd rig  diffferent , colutues, ethe titnege dmwﬂr onothe mass
'@ﬁﬂﬁut%%ﬁ'c% o&itibh Hrakd ﬂolﬁfthé’sg% gg}ge & wher ei n

the scintillator mterial 1s select 0 have an
25 eni ssi on wavel ength substantially nmatched to the

riess poni{adﬂfgréﬂhﬁ: SiepaeitadesdingQo bﬁy ot df e@rppdddtng claims, where
€ ne according to any one 9 ? recedl(%

Cﬁ%l ﬁ%l mgans conprises a computer 1o per St 1mage processing and display
the images on a computer screen.

30 16. Radiographic equipment according to claim 15, where the output is

convertable to mass-attenuation coefficient images for each pixel for display on a

computer screen with different pixel values mapped to different colours.

17. Radiographic equipment according to claim 16, where the mass-attenuation

35 coefficient images are obtainable from count rates measured from the transmissions for

each of the deuterium-tritium neutrons or deuterium-deuterium neutrons and X- rays or



t he conversi on neans conpri ses crossed wavel ength
shifting fibres coupled to a multiplicity of single
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equi pnent according to claim 11l or claim12, where the
15 electrical signals fromthe_conversion neans are
used to infer the transnissiof’of the neutrons from
t he neutron sour ce and the X-rays or gamm rays
t hrough the obj bei.ng scanned, the . transm s

MR 0 B et SRR AR Bt R HERSE and x-
rraysorgangearmaysr ays and the neutrons fromthe second
neutron source through the object being scanned. 20
14. Radi ogr aphi c equi pnent according to claim13, .
witer e thrdiagramuier eggipgeat saceordinge dp tdrimodputwharasthe computer is
adJefablA i Qfl!)taﬁ@erf)ésC s&@@bn | 486 ei%afg% b%ﬁz@é%npbdiﬁsl of Qhass attenuation
dIS di fferent pixel val ues mapped to

%ﬁ?nﬂﬁfours the i mage based on the mass

dlstrlbutlon and conposition inferred fron1these
cRyTput i.ogr.aphi.c ac
to any a%{n eJ%?ph?‘g e&ép énsgg |a§°8) C tﬁsa W}{eﬁe e pmp%mons in
cwhiply thengy omntsommﬁp ringges ae c@mbuuleé raret aﬂjww@ tovmiarimyee contrast
%@%&%ﬁﬁﬂg B2%bati SRk 3% ec%mn & BBYRRPA the fHUPRUT €
screen 16.” Radi ographi ¢ equi pnent accordi ng to
claim15, where the output is convertable to

MHS S - atR A edphen eqai?hfdnela@mrdin@agﬁs@ldmr 1836 cRiniel9,f fhere the
uter screen w en
Var a2 3p o B R kR BRI ARG fe measured

egosspa@ivnsaccording to claim 16, where the

mass-attenuation 35 coefficient inmges are obtainable
fromcount rates neasured fromthe transm ssions for

edeh ofRadinerankia equipmentraceqrdingrie @ny one obkhe preceding claims, where

gg%}/@%ﬂcgﬂ"r?aﬂ@ gh@/rdAeng’cc)%‘ge;tﬁa[ Bﬁ:lﬁﬁg%ﬁﬁry ra8Y Sthe rtré?@port mechamsm is
&é@?&‘ﬂs 5}% gretﬂwq?ém gfﬁ cARUNEH R HRPCRAIPS Fish of netrons,

neutrons and Xx- rays or garma rays 18. Radi ogr aphi c

?iglpg% ﬁg ‘ﬁg%t gl}tc%?gof? Po %nyr élfeﬁ tgp elﬁ%sgg 4 %o, W%ere the
kol b st ninay m‘d thragrensportemechanism arcogéd suihethet themgwse and the
]&tec{%zi‘qw FRRBIE sy R oA ei &“sﬁ({éj(t] e&l ai m 18,

where the proportions In e cr Ss section
rati o i mages are conbined are adjustable to nmaxim se

Qant r aRadickPaphitd egeipsiehi ubctoymhg ﬁ?f bh€ Wraglaily €clo 20, where

SRS R QEReaf ye TRE R s Dt BT RS S gty dened to

allow scans of a plurality of separate objects to be acquired simultaneously.

24, Radiographic equipment according to any one of claims 1 to 20, where the
sources and the detector array are able to be rotated around the object to be examined to
enable multiple views to be obtained.

25. Radiographic equipment according to any one of the preceding claims, where
the intensity of either the deuterium-deuterium and/or deuterium-tritium neutron
sources is of the order 1010 neutrons/second or as high as practically possible.



conmputer is able to performautomatic materia
identification based on the neasured cross sections.

wa 20020534Radi ogr aphi ¢ equi pment accordi ng to anpCDAB28/001641
t he preceding clainms, where the sources and the
detector array are stationary and the transport
mechanismis arranged such t2&t the object is able to
be noved in front of the source of neutrons. 20 22.
Radlographlc equi pnent according to any one of clains
26t 0 2Radiggeaphia pevipmbiteagcording @tqlama?l/y valrege tthe scintillators are

tsﬁﬁfBﬁeréﬂ‘b MEGRAo IV EY 4ta8ges psitoh dritadh éhidie §a§2§ﬁgﬂ%nga°h mask

e, eCtQr array nove | n synchronicity
glﬁvmaé ft%ﬁ reliotive surfyendp & egb?ﬁcepfgdmhbaﬂﬁ?s bééfi Gite thﬁgsc%llator
any one of clainms 1 to 20, where 25 nultiple sets of
detectors are situated around the sources which are
centrally located to allow scans of a plurality of
separate objects to be acquired sinultaneously. 24.
Radi ogr aphi c . equi pnent according to any one of clains
1 to 20, where the sources and the detector array are
able to be rotated around the object to be exam ned to
30 enable nmultiple views to be obtained. 25.
Radi ogr aphi ¢ equi pnment according to any one of the
preceding clainms, where the intensity of either the
deuteri um deuterium and/or deuteriumtritium neutron
sources is of the order 1010 neutrons/second or as
hi gh as practically possible. 35 WO 2004/ 053472
PCT/ AU2003/ 001641 28 26. Radi ographi c equi pnent
according to claim 11l where the scintillators are
surrounded by a mask to cover at |east a portion of
each of the scintillators, each mask having a first
reflective surface to reflect escaped |ight pul ses
back into the scintillator.




