
Ata Phys. Hung. A 19/1 (2004) 000{000 HEAVY IONPHYSICSThe use of neutrons for the detetion of explosives in CivilSeurity AppliationsS. Pesente1 , D. Fabris1 , M. Lunardon1, S. Moretto 1, G. Nebbia 1and G. Viesti11 Dipartimento di Fisia dell' Universit di Padova and INFN Sezione di Padova,I-35131 Padova, ItalyReeived 30 Otober 2005Abstrat. The searh for hidden explosives has been simulated in laboratoryonditions by using our Tagged Neutron Inspetion System (TNIS. Applia-tions of the TNIS onept to Civil Seurity problems are disussed in the lightof our projets for argo ontainer inspetions. Moreover, neutron attenuationand sattering an be used to searh in real time for large quantity of explosivehidden in vehilesKeywords: tagged neutrons, explosive detetionPACS: 29.25.Dz, 29.40.M, 82.80.JP, 89.20.Bb1. IntrodutionThe threat of terrorist ations against ivil populations was indiated as one of themost important issues on the politial agenda of European Union already beforethe reent London bombing [1℄. After that event, the detetion of materials and/ordevies that an be used in terrorist ations beomes a primary need of the soiety.A �rst important task in Civil Seurity is the ontrast of illiit traÆking ofexplosive materials or, more generally, the searh for ontraband. In this respet,urrently used X-ray or -ray based systems provide preision density measurementswith high-resolution three-dimensional images, but only limited information on theelemental ontent of the inspeted item. Fast neutron interrogation, on the ontrary,o�ers the possibility of measuring the elemental density of the elements ontainedin explosive materials or narotis by using the well known tehnique of reordingthe indued -rays [2,3,4℄. Furthermore, with the use of 14 MeV neutrons taggedby using the well known assoiated partile tehnique, it is possible to determinethe loal elemental distribution inside large volumes or to inspet a preise portion1219-7580/04/ $ 20.00 2004 Akad�emiai Kiad�o, Budapest



2 Pesente, S. et al.of the volume (voxel) that has been identi�ed as suspet by an X-ray san. In thisase it is possible to implement the already existing X-ray systems in operation atthe ports of entry with an additional neutron devie used mainly as veri�ationtool.A seond aspet of the problem is the detetion of hidden explosive in vehilesthat are used in suiide bomber attaks worldwide. A spei� requirement in thisase is the fast san of vehiles operated at suÆiently large distane from thetarget itself, to avoid damage in ase of explosion. Neutrons are also in this ase aninteresting probing radiation, thanks to their penetration apabilities. On the otherhand, the tehnique of looking to the gamma rays to perform elemental analysis isto slow to be applied in suh ontext. Less spei� but rapid signature of thepresene of large quantity of hydrogenated materials an be obtained by looking tothe transmission and sattering of fast neutrons [5℄.During the last years, we have developed a prototype of Tagged Neutron Inspe-tion System (TNIS) using fan beams of 14 MeV neutrons, produed by the D+Treation [6-8℄. Tests on the detetion of hidden explosives with TNIS have been pub-lished reently [8℄. New developments are now underway within the NATO Sienefor Peae program and EURITRACK (EURopean Illiit TraÆking Countermea-sures Kit), a projet approved in the 6th Framework Program of the EuropeanUnion. Suh developments are presented in this work. Moreover, the possibility ofusing fast neutron transmission to detet bomb ars is also disussed.2. General apability of the TNISThe TNIS system, as operated at the Neutron Generator Laboratory of the RuderBoskovi Institute (IRB) in Zagreb, is presented in ref. 8. Generally, the TNISimproves the signal to noise ratio with respet to untagged neutron systems byeletronially seleting the -rays from the voxel de�ned by the geometry of thetagging detetor and by the neutron time of ight. Consequently, the minimumvolume to be interrogated depends on the segmentation of the tagging detetor andon the overall time resolution of the alpha- oinidenes.The YAP:Ce sintillators has been seleted for the detetion of the alpha par-tiles. YAP:Ce exhibits several harateristis well suited for this task: exellentmehanial and hemial properties, radiation hardness, fast response and high lightoutput [9℄. The �rst prototype of a portable neutron generator with integrated al-pha partile detetor for prodution of tagged neutron beams has been reentlytested [10℄. It is also important to mention that a study of the position sensitivityof the -partile detetor has been suessfully performed [11℄. Moreover, the useof fan beams allows the simultaneous measurement of gamma-rays emitted also inneighbouring voxels thus allowing the online subtration of the bakground in thespetrum from the suspet item.As -ray detetor, an array of BaF2 detetors has been used in our past work.In this ase the measured overall time resolution between the alpha partile and the



The use of neutrons 3gamma ray emitted by a graphite sample was measured to be Æt=1.6 ns [FWHM℄ [8℄.By subtrating the time unertainty due to the size of the sample, the intrinsi timeresolution of the system was evaluated to be Æt=0.9 ns [FWHM℄, whih orrespondsto a position resolution of about 5 m along the neutron ight path. The results inref. 8 have been obtained by using a neutron ux of about 5� 106 neutron/s. Insuh ondition, the ounting rate of the YAP:Ce and of eah BaF2 detetors wereabout 104 /s. It is lear that pratial appliations of TNIS require a substantialimprovement of the neutron ux. To this end, a spei� test has been suessfullyperformed, exploring the system performane at higher rates, by varying the neutronux in the range 2� 107 - 2� 108 neutron/s [12℄.

Fig. 1. The matrix of 64 small (6 mm � 6mm) YAP:Ce rystals that will beused to produe tagged neutron beams for the inspetion of argo ontainers.3. Open problems in the inspetion of argo ontainersThe inspetion of argo ontainer is one of the appliations where neutrons havebeen already suessful applied. It is worth noting, indeed, that a large ommerialplant for ustom inspetion has been realized by the ANCORE Corporation andis in operation at the US-Mexian border near El Paso [3℄. The urrent Europeanprojets in this �elds foreseen the use of a neutron inspeting system that is muhsmaller respet to the ANCORE design, using sealed tube neutron generators toredue ost and omplexity of the systems.In exploring pratial appliation of the TNIS onept, it is worth onsider-ing the onstraints that would arise in inspeting a suspet voxel inside a massive



4 Pesente, S. et al.payload as the argo ontainer. It has to be noted, indeed, that the bakgroundprodued by the part of the neutron �eld that is not tagged and hit the ontainer isexpeted to ontribute signi�antly to the ount rate of any -ray detetor plaedaround the argo. Suh bakground would depend not only on the inspetion geom-etry, but also on the goods inside the ontainer. The ount rate of the gamma raydetetors will ertainly determine one important limit in the system performane.On the other hand, the design for a seond generation system is based on anarray of 64 YAP:Ce sintillators to produe fan beams eah having a small size(see Fig.1). The read out of suh sintillation array is simpli�ed by the use ofthe newly developed multi-anode photomultipliers. By seleting a suitable distanebetween the tritium target and the YAP:Ce array, this system should be able todeliver neutron fan beams with dimensions that will allow the inspetion of objetsplaed inside a argo ontainer, i.e. having a distane from the neutron soureranging between 0.5 and 3 m. Assuming that the size and the position of thesuspet item is de�ned by a preliminary X-ray san, a suitable software mightdetermine the optimal seletion of the neutron beams to inspet both the objetand the surrounding materials. Monte Carlo simulations of suh soure of taggedneutrons have been reently ompleted [13℄. Results indiate that it is possible tomaintain the dimension of the single neutron beam within values ompatible withthe searh for hidden explosive material for parameters of the neutron soure thatare ompatible both with standard eletrostati neutron generators and with sealedtube portable generators.4. The neutroni hek pointThe detetion of Improvised Explosive Devies is one of mayor tasks in the ontrastof terrorist ations. In this respet, a spei� ase is the inspetion of vehilesat hek points to prevent attaks with explosive ars against sensitive targets.The quantity of explosive material used in suh attaks ranges from 200 kg toseveral tons. Suh large quantity of hydrogen rih material hidden in vehiles anbe deteted in very short time by looking to the transmitted and sattered neutrons.Detailed GEANT Monte Carlo simulations have been reently performed in thease of a ar having explosive hidden in the trunk. A soure of tagged neutronsusing both the D+T and the D+D soure reations have been onsidered, assumingthe maximum prodution of 108 neutron/s on 4�. Tagged neutrons transmittedtrough the vehile are deteted in oinidene with the assoiated partiles by usingposition sensitive neutron detetors overing an area of 110 x 110 m2. Four largepad detetors, eah having an area of 120 x 50 m2, are used to detet satteredneutrons at the road level below the ar.In the simulation, we sanned the ar with irradiations eah 40 m for a num-ber of neutrons that orresponds to few seonds, reording the transmission of theneutrons and the distribution of the sattered neutrons in the pad detetors. Bothobservables are used to disriminate the presene of light Z material (as the explo-



The use of neutrons 5sive) from other thik absorbers as the vehile engine. Sample of numerial resultsare presented in Fig.2 in term of attenuation of the neutron beam (upper panel)and of asymmetry of sattered neutrons in the pad detetors alulated as sum ofounts in the �rst two detetors (A1+A2), that are loser to the neutron soures,divided by the sum of ounts in the other two detetors (A3+A4). Both observablesare reported as a funtion of the position along the ar, with x=0 orrespondingto the trunk and x=380 to the ar engine, respetively. As a result, a very largeattenuation of the neutron beam appears in sanning the trunk and the engine.However, the asymmetry of the sattered neutrons is ompletely di�erent, allowingthe disrimination between engine and the transported explosive. Simulation sug-gest that suh system is able to san a ar in 10 s, easily identifying a quantity ofexplosive as low as 100 kg.
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Fig. 2. Monte Carlo simulation results of the neutroni hek point. For detailssee the text.



6 Pesente, S. et al.5. ConlusionsThe use of tagged neutron beams to searh for hidden explosives is one of theavailable tehnology that might in future be used to implement the existing tools(as the X-ray sanners). The derived information is highly spei� in the ase ofthe gamma ray spetra indued by fast neutrons and allows the elemental analysisof the inspeted voxels. Alternatively, fast neutron transmission and satteringmeasurements an be used to perform fast san of suspet vehiles.AknowledgmentsThis work is part of the programs Control of illiit traÆking of threat materialsfunded by the NATO Siene Programme under the grant SfP 980526 and EU-RITRACK (EURopean Illiit TraÆking Countermeasures Kit) Projet funded byEuropean Union within the 6th Framework Program.Notesa. Permanent address: Dipartimento di Fisia dell Universita di Padova, Via Mar-zolo 8, I-35131 Padova, Italy;E-mail: giuseppe.viesti�pd.infn.itReferenes1. see douments at the site http://www.ordis.lu/seurity/home.html2. J. Csikai et al, Applied Radiation and Isotopes 61 (2004) 203. T. Gozani, Nul. Instr. Meth. B 213 (2004) 460 and referenes therein4. G. Vourvopoulos and P.C. Womble, P.C., Talanta 54 (2001) 459 andreferenes therein5. J. B. Eberhardt et al, Applied Radiation and Isotopes 63 (2005) 179 andreferenes therein6. M. Lunardon et al., Nul. Instr. Meth. B 213 (2004) 544.7. G. Nebbia et al, Proeedings of the 17th Int. Conf on Appliation ofAelerators in researh and Industry, edited by J.L. Duggan and I.L.Morgan, AIoP CP680, p.487.8. S. Pesente et al, Nul. Instr. Meth. A 531 (2004) 657.9. see for example S. Baaro et al, Nul. Instr. Meth A 361 (1995) 209.10. G. Nebbia et al., Nul. Instr. Meth A 533 (2004) 475.11. S. Pesente et al,Nul. Instr. Meth. B in print.12. G. Viesti et al., Nul. Instr. Meth. B in print.13. S. Pesente et al in preparation.


