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11. CIMRACTERISTTCS OF NUCL-MR-BASF.D FO(PLOSIVE DETECTION TECHNIQUES

~~uclear-l>aseddetection techniques probe the screened items with peneLrat.-
ing radiation, nc,tably neutrons and photons. An array of deteccors posi-
tioned near the screened item senses the high- er-wrg~ gamma-ra}~ reacrioll
pro.luccs inci~~ceilhY the ~rohe (see Fig. 1), The intensit;l, -ener.gv, Clll[!
sparial ciis:rib,ltionof che detected radiation; their relationship co
the probil~g Yci(iiatioll;aIIL!an~~additional illformatiol]con~tl-llill~,Lllr

object are used to determine t}~epresence or absence ot an t-x!~losi’.r~!,
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TABLE I

DIS1;RI?l[N.ATIXGFEATURES

Cllfiracrel-wic Feature

Tot.11nitrogen

Kitrogen densi Ky

Oxygen density

N:}{,N:C, and

Trace metals

Total density

Fhysical shape

N:O ratios

~IF~~}’LOSIt’ES

Spt,rifi,.i?.:

Ilifjl:

HiF.!,

Hig!~

‘Jery higt~

High

Moderate

Low
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shielding to reduce radiation exposure to personnel (see Fig. 1). T!,~

neutrons diffuse into the screer.ed object to prnd!me characteristic
gamma rays that are promptly emitted following neutron capture. The
SAIC di-tector array consiscs of up to 80 KaI(Tl) inorganic scincillators
arranged i])two C-shaped rings, with a 262Cf source in the gap Gf each
C-ring. In the electronic
lapsed into one ring, with

detectors to each side.

neutron generator design, the ri~:gs are col-
the single ~enerator source displacing the
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TABLE II

AIRPOPT TEST RESLILTS FOR THE TNA EXPLOSI1’E DETECTION SYSTEM

FOR ?1ORE THAN 30,000 SCREENED ITEMS

Itcm Prol,iil>iIitvof I)e:ecrion (?)—-———.——— ~:ihilitv nf Fiils~ A.l,qrm1*.

Luggage 90-96 3-8

Cargo 90-95 1-4

The
due
and

range of PD and PFA values results from variations in performiince
to che contents of the luggage items as a function of rhe descinati[ll;
the season of the year. The trade-off in PD VS PFA to matcl~ a p,lr-

ticular situation is programmed into the system clecision-mak~ng PI-OCVS!;.

A disturbing result of the airport tests was th~ large fraction of it,ms,
piiriicularly in ~he international sample, that COIILiii[led more t.tlallOIN
threaE equivalent of nitrogen (see Fig. i), This ill{lstrates CIU:nwi,tl
to measure ocher indeperldent, distinguishiri~ features besides lliLI_OF.!’11
to reach tl~elowest possible PFA, T; achieve this, SAIC determined a
large number of discriminants, the most significant of which are :h~’
average derlsit.y of e,{ch hag, the ,Ieutron flux aLCeIluaLfr3n ill t~le ]Iag,

anti rht,sp;itial distrihurion of nir.rngen.

-- .
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The TNA technique has successfully achieq~ed the FAA operational criteria
of PD. PFA, and throughput. Presently, SAIC is designing and modeling

imrroved and more compact versions based on hoch types of neutron sources.
More il:Fortantly, the succe~s of T!JA has demonstraceci the efficacv of
nuclear-based techr,iques and has provided the basis for consideration of
ocher techniques.

2. Fast-Ncatron-Activation Explosive-Detection System (FNA/EDS)---

Science Applications InternaLioriaL Corporation, Santa Clara, California.
To extend the advantages and overcome :he limitations of the TXA approach.

SAIC is invescigacing a new technique that relies on the inelastic reac-

ttons of fast neutrons (FNA) on carbon, nitrogen, an~~oxygen. A continuo’:s

flux of fast neutrons (14 MeV) Is produced in the reaction.

d+T~ ‘He + n,

where a beam of deuterons (d) i~ accelerated at low energy (150 ket’)
onto a tritlum (T) target, liberating alpha particles (~He) and neutrons.

Subsequent neutron collisions produce characteristic gamma rays from
inelastic reactions with the main constituents of explosives. T!~us, mos:
of che characteristic components of explosives can, in principle, be
detected and imaged. The overall improvement in PD ancl PFA can be es-
timated once the system’s signal-to-background ratios are determined fof
each elzmenc.

The interrogating cavity !~asan inner layer of lead (Pb) that maintains

the ilux of fast neutrons, minimizes thermalization, and shields the
dece.ctor array from gamma rays produced in the personnel shielding
materials, As with TNA, the selection of construction materials with
che proper neurronic characteristics is critical co the technique’s
sucL”ess,

TI],7required peak intensity of neuLroIls it] FNA is expecte(l to he luwtIr

rllan T:::\, !-es(llti[lgin less shielding and an overall smaller svstem,
Tileme(hnd of (Ictection al~d imagtng Is ici~ntical to th:ltof TX~. 1111:1 (’,1:,( .1

sensitivity to explosives is predicted nn the.basis of tllclli~llt,l”illtt’r,l--
tinn r.~tcs0[” fLIsrneutrons, while improvud selectivity is ex[t~Ii.LII~lfrI,III
lm,l~,illgsp~~tiilllV cnincicl(,lltmu] Liple elements of explosi’:~l,;.

AH FNA {.iivity,Ilt.!llrrnn SCtLlrC@!, and partial detector arrav Ilil\’[! IJ,cIII

asscmhlt)d and o~n-t-ale(l,A systemntlr sru(tv is ulide:”wav~.odt,[~,r:llillrIIIt.
clt}t,,(.tol- slli~ltlilli:rr[lilir~,(!to ~CCillCe tl)(! l)ii.~k~,l”(lilll(l Ol”igillill ill~, fl”(:lll

fusl llIIIIlr(~It re~i(.t ions (Iirectly illthe de(et:tor an{ls~lrrl]u:lllill~:m.nlt’i”i,11s
Ttll’ Sp(’(”1 1“.1 (It SJIIII)IPS for lll(liVidllillslglhll Plewollls ;Il]llcoml){lsicl~
Illiltol”i,llsIl,lv(lI)t,t,l)meiisllrell, Fill-tlll~l-del[i(”tl,r, sllit,l[lill~,, mIIl (-i~\’i t’.”
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3. The Associated Particle Technique. The associated particle
technique further extends the idea of FNA to produce three-dimensional
Images of gamma rays produced by fast neutron inelastic interactions.
With support from the FA4 and the US Navy, Consolidated Controls Corpora-
tion (CCC) is developing the technique for explosive dececcion,3 although

&he technique is not limited to detecting and imaging explosives.’-’ Ihc
Advanced Nuclear Technology Group at Los Alamos Y~tional Labclratory is
extending the limits of the technique’s application to the area of nati iiil
securicy.

The techniq[le exploits the temporal and spatial correlation between tlie

14-PleVneutron and its associated alpha particle (aHe) produced in the
d-T f:sion reaction described in the previous section, At low dtiuceron
energ.es the alpha particle and neutron are produced back-to-back. Thus ,
by localizing the alpha particle, the direction of tha neutron is de~er-
mined (see Fig. 5). The neutron’s subsequent interaction point is deter-
mined by measuring the total time between the detection of che alpha
particle and the detection of che gamma ray produced in the neutron
interaction.

Y
D-TQENERATOR

ALPHA DETECTOR

.

GAMMA

I

TPHC/SCA

START “
ADC

TIMINQ SPECTRUM

: 11

Al
DETECTOR

m

I jTfl~,TAYSPECTRUM

ET —-



The gamma-ray spectra provide unique signatures for most elements.
,..-:wlL.-l

an appropriately characterized detector, the individual element’; and
their relati~’e percent weight compositions can be determined and visu;.l-
ized. By binning the data according to the variation of the.rime-of-
flight with distance from the target, images for each volume element are

generated. Larger volumes are imaged by adding more alpha detectors.

The first phase of the CCC program involved detailed speccral measurements
of simulated explosives and the contents of luggage. It was quickl:?

recognized that although the sensitivity of the technique would noi meet

the FAA throughput requirement for a fast screening system, it was pos-
sible , with longer inspection times, to achieve lower PF:is than ocher

techniques.

The second phase of the CCC program involved the development of a compact,
sealed-tube neutxan generator (ST!JG)with an integrated al~ha d~teccor.
They succeeded in producin2 a 107 n,’s source for a single-pixel system
that was delivered to the US Navy in 19S8,

The Los Alamos program has concentrated on the fundarnenc=l aspeccs of
neutron intensity, beam optics, and detector timir.g resolution to incrtias~
the sensitivity and improve the spatial resolution of the technique.
Sub-nanosecond time resolution was achie~’ed using a plastic scin:illatur
alpha detector and BaF2 gamma-ray detector. A gamma-ray detector shieldic;

stu~y is seeking to reduce the counting rate from time-correlated and
uncorrela~ed, neutron-induced backgrounds and is targeted for a ten-foid
increase in sensitivity.

Immedi~te plans call for the implementation of a four-element alpha-
detector array and two gamma-ray detectors, A fully operational system
with a 100-element alpha-detector array and as many as 10 gamma-ray
detectors (each simultaneously acquiring 1213channels of spectral daLa
in as many as 16 time windows) is elwisioned. To acquire, process, ai~d
display the copious amounts of data produced by ar operational multi-

pixel system, special attention must be directed :0 computer architecture.
Los Alamos is investigating the parallel-processing capability afforded
by the VNE bus. The single-processor-based Valet system (developed bv
CERN in Geneva for high-energy, colliding beam experiments) is currentl-~
being used in the single-pixel system and is expected to be abl: to -
hamile the four-element array. The system affords a large degreu, 01
f;exihilit~ i:ltl)eavailability of data acqulsit.iorih~l-,iu.il.t,[111[1[1~.!li[:,
CA.HAC inrt,rf.icc. A clemonsLration of tllree-dimt,llsioll:lli:n;igillgof tliu
rlcnlt,n(,llrclm~~(~sitionof t~s[.ell(le(lobject.s, illl.l(l(litlt;exl)][~sivts,is
}Jliilllit,ll !“(ll- !;IIL) l’~fld.
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sections and to determine sources of background, The required energe:ic
photon beams are produced either by bremsscrahlung radiation or fr~.in
protor,-induced reacrions.

1. Nuclear Resonance Absorption. Nuclear resonance absorption is

obserx’ed when incident photons are strongly ~bsorbed by a specific target
nucleus ac a pa:-titular photon energy corresponding to che resonance
energy of ~he nucleus. If the width of the resonance is appropriately
narrow, the frac~ion of the total absorption due to resonance absorp~ioa
is large. This provides an opportunity to dececc and image a p;,rziculsr
isotope whose resonant absorption energy is closelv matched to the pro!>e-
photon energy. It also exisi.s for one of the isotopes in expiosi’~es,
and resonance absorption of high-energy photons has been ohser..’ed. Ir.
principle, a detection svscem functionally comparable to a concourse

x-ray scanner but sensiti~’e only to explosives is possible.

The feasibility study is determining if the level of sensitivity proi’ic!~.!
by this technique can meet the operational requirements. Monoenergeric
photon beams with the precise energy for resonant absorption ha-Je been
produced with protGn beams via tile (p,T) reacrion at Van de Graaff ac-
celerators . The photons emanate from a geometrically small spot as :,
fan beam with a small angular divergence, providing for the possibility
of imaging with high spatial resolution. The width of the resonance !“,as
been derer~!ned, and the required proton current for a prescriber! level
of sensitivity has been estimated, Targets capable of sustaining the
power level have btien designed and tested in a proton beam. The prescn~
effort is directed toward designing, fabricating, and Cesiing an &rray

of detectors that produces images of explosive s;.mulants. The goal is
to determine the spatial resolution and detection sensitivity required
to detect sheet explosives,

2. Photoneutron R~?ctions. Photoneutron reac” ions involi’e the
production of shore-li”ved r~dioisotopic beta emitrers predominantly b}-
the ,y,n) (~,p) anti (~,2n) reactions The reaction chreshol.ristar the
elements of interest in explosives re[iuire high-energv hremss~rahl~lllg
beams (ln-MeV and higher), The resulting beta emitrers itre dertcte~!
either h“;coincidence detection of the two, tll-ke’~ g:imma rays foll~)will~,
the anniililat:c)llof the positron or hy the higl~-cnerg::i)rf~lllsstr~,lllullr.
associated wi:h r.tleemitted positrons and eluctrons. Coincide[lcc dett’l-?il~;:
is il:llerc-1~:1’~im~GinL in thrc~.dimen’;iuris,idenLic”iil L(I positron W:;:issitl::
[omograpll.;scalln~q:~illLllemedical application. T!~e ~ti:.lli.llu(~ is tIi
dist.ine,llisll tile s.Iurce o! pusirrons specific to isotopes of t:s~l!t.si’~efi
from other posir.rc,llemir:vr-: prod~lceclat tt,ehigh pllotorl cllergi[:sl-~.(l~lir(.(!.
This can be d(,nehv erplc~-ing a puls,,(lbeam of pl~otolls;lllcIintt,rrop;iir~ll~:
in-b~tween pulses. !sottl}~icdetermination is made on rileba~is of t.!l~
characteristic half-lilt. of the posirron emitter.

The FM is suppo:iing an experlmer~tal pr(lgr~rn to determirle the s(,nsitiq<i:r
of ptlotoneutrollreac:illns to explosive const!(uents an(l rilehark~r(~llll~l’.
Chat mny occur af.tl~eener~ies involved. Preliminary reslllts irl(li(-:lfr
that ther~?are cnmpet illgre~](’tions ttlatptol’idc h(}[tl,I(l(li[iollals{llll”l.rs
of d(’(ertioll;ill(! I]ii(:kgw(u)ds.a
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Iv. CONCLUSION

Access by terrorists to new, shape- independc,-: or ncm-nirrogewus eY.-

Flosives presents a serious challenge to ali bulk-detection technologies.
The development of automated detection equipment to screen passeng~rs,
baggage, and cargo for col,cealed explosives remains a top FAA priority.
Signif~cant progress is bsing made in this area through the development:
of the ad~”anced b’~lk-detection techniques described in this paper,

The TXA sy-tem 1s the first truly automated explosive detection ~!wJIc~
operationally tested on aicl~ne baggage an~ cargo. The performance of

the system and the flexibility to select detection c#ptions based on ;,
perceived threat Ie./elhave resulted in an FAA decis~on co purchase aIIc!
deploy at least five TNA units. The plan is to deploy the systems a:

high-risk, Category X airports in the United States and possibly at o1n”
or two foreign airports used by US carriers. Estimated deli-.’eryis f{~:’

Jl:ly 1989.

Efforts are underway to impro~~ the reliability and pe~form:lnce of r.tit,

TIfA sysrcm. These include the development of an electronic neurrnll
source with ircreased output and longer lifetime and the inte~ratin:l (J!
the TNA-generated nitrogen images with high-resolurior: x-r~y i!!?figes.
Tests show that this correlation reduces the PFA by 50% wi:ll Iitt.le
effect o:~the PD.”

As the lead agency for the development of explosive-detection recilrlfll(l}””:
in the US, the FAA is continuing its search for new detection COIN”V;l:S
aridtechnologies that have prospects for greater effectiveness ~nd.r~.c!il,~.,!
size, complexity, and COSL than those currently under develnl)mcl:r..
Toward this er:d, the FM strategy has hccn tn int.rease tl)c numl) cl. ;IIIII
technical quality of new concepts under investigation. ~pproxim;l!(,l~’1’”
proposals hilve been evaluated in each of the past tllrc~ \~~iIrs, rcsu!: iti;,
ic fr,uror more funded pruposals pur ye,ar. TIIe:.LJinclud{, ~)1.c)l)l{’m ilrl,o,.
nn: ad(lKPsseciIIVhlulk-detect.iontechnt)lop,ips,.sLI.:11as sl.I-(I~IIIIIIyi.,1”(Ix
plosivus on rlILIperson And in carrv-on lU[:p.HFme,
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