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Abstract. Tracks, which had been caused by alpha-particles in polycarbonate detector, are used for the detection of rare uranium and plutonium microparticles on the surfaces of different objects and for determination of alpha emitting component of particle. Prolongation of the tracks axis allows to implement first approximate localization of microparticle on the surface of investigated object with the uncertainty about 200 µm. Analysis of tracks geometry characteristics allows to determine, what is the the component of particle: uranium, plutonium or both together.
1. Introduction

As a rule unique alpha-emitted microparticles can not be investigated by using high sensitivity microbeam methods if such particles are located on the surface of relatively large or electrically nonconductive bearing objects: domestic appliances, clothing and other fabrics, etc. Therefore detection and extraction of such particles from bearing objects is necessary preliminary step before advanced and in-depth analyses.
Moreover preliminary information about the source of alpha emitting, plutonium or uranium, can be also useful for decision, is it necessary to extract concrete alpha-emitted particle or not. Further precise investigation of some particle after its very labor intensive extraction can not add useful information for prosecution.
The purpose of this paper is the demonstration of the developed analytical procedure for the detection of rare uranium and plutonium microparticles on the surfaces of different objects and for determination, is the detected particle uranium or plutonium. Detection of uranium and plutonium particles and determination of the particle component: uranium or plutonium, are based on the results of analysis of the orientation and of the shape of tracks, which had been caused by alpha-particles in polycarbonate detector. Besides the number of tracks allows to estimate the amount of uranium and/or plutonium in particle and consequently to estimate the size of particle.
2. Characteristics of uranium and plutonium particles and tracks
Clusters of tracks from uranium particles and from plutonium particles as well as from particles, which contain both of them, were investigated for experimental confirmation of validity of suggested approach. Both materials, original for microparticles: uranium and plutonium, were none monoisotopic. Uranium was HEU. Main alpha-emitter of that material is uranium-234. It emits alpha-particles with the energy about 4.8 MeV. The yield of alpha-particles from uranium-235 with the energy about 4.4 MeV could contain several percents. The yield of alpha-particles from uranium -238 could contain less than 1%.
Plutonium-239 and plutonium-240 were the main isotopes of the used plutonium, these isotopes provided alpha-particles with energies about 5.15 MeV. Minor, but much more alpha-radioactive plutonium-238 and americium-241 could provide no more than 20% of alpha-particles, the energies of these alpha-particles are about 5.5 MeV.

Track-detectors TASTRAK CR-39 (Track Analysis Systems Limited, UK) were used for registration of alpha-particles in this work. Typical track of alpha-particle has been flied into detector at an acute angle to the surface is shown on the fig. 1.
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	FIG. 1. Characteristics of individual alpha-track: length (large axis) R,
diameter D of the input hole, diameter d of the curvature of cone top of the track.


For registration of alpha tracks the detectors were set on the distance about 200 µm above the investigated surface.

3. Distinguishing of alpha tracks from uranium and from plutonium microparticles
Shape and size characteristics of the track are the functions of the energy of the emitted alpha-particle [1, 2]. The study of the geometry parameters of alpha-tracks from thin modeling layers of uranium-235, plutonium-239 and americium-241 [2] has been shown that among all geometry parameters diameter d of the curvature of cone top of the track is most dependent on the energy of the alpha-particle.

Energies of alpha-particles of these isotopes and also uranium-234 as well as parameters of size distribution of the curvature of corresponding cone tops are presented in table 1. It can be seen, that these parameters allow to conclude that size distributions of the curvature of cone tops can identify alpha emissions of different isotopes. Therefore main attention in this work was paid to investigation of this characteristic of the tracks. The measurements of tracks geometry parameters in this work were implemented according to the technique [3].

Table 1. Energies of alpha-particles and parameters of size distribution of value d

Isotope


U-235

U-234

Pu-239+Pu-240
Pu-238+Am-241
Energy, MeV

  4.4

  4.8

          5.15

          5.5
Average dav, µm
11.5

  8.8

          6

          3.6
Std. deviation, µm
  0.7

  0.7

          0.8

          0.5
Images of typical small uranium and plutonium particles, track clusters, corresponding to these two particles and histograms of the size distributions of d for collection of four similar uranium particles and collection of two similar plutonium particles are presented on fig. 2. Tracks from several similar particles were processed for providing acceptable statistics.

Comparison of histograms for uranium and for plutonium particles allows to conclude, that alpha-autoradiography of suspicious objects can provide information not only about location of alpha-emitting microparticles on the surface of object, but also about the material of particle: HEU or plutonium.
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	FIG. 2. Uranium (left) and plutonium (right) particles, corresponding alpha-track clusters
and histograms of tracks distribution on values d for 4 uranium particles (blue)
and 2 plutonium particles (red).


4. Detection and extraction of alpha-emitted particles
Particles of HEU and particles of mixture of HEU and plutonium were used for validation of the developed techniques. Special samples were prepared by putting of these particles on the surface of cotton fabric. Fabric surface was processed by 0.4% solution of polyisobutylene in the heptane after this putting for fixing of particles on the surface.

Duration of exposition of the detectors above the sample was 48 hours. Such duration provides registration of tracks from HEU particles with sizes about 2 µm and more, as well as from plutonium particles with sizes about 0.2 µm and more. Etching of exposed detectors was implemented in 6M solution of NaOH during 4 hours under 80ºC. Clusters of the developed tracks used for some characterization of particles.
Prolongation of the axis R of the track reconstructs the trajectory of emitted alpha-particle from the surface of the alpha-emitting microparticle. The crossing of the several tracks trajectories of the same cluster allows to localize microparticle on the surface of investigated subject. Fig. 3 illustrates the process of determination of the area of the tracks crossing.
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FIG. 3. Determination of the center of tracks cluster.

Specially manufactured template with coordinated grid is used for correct re-alignment of developed detector and the investigated sample. The using of this template allows to provide the accuracy of localization of particles on the fabric surface (150 … 200) µm. The punch was manufactured for cutting of the fabric fragments, which contain alpha emitting particle. Diameter of cut fragment is 5 mm (fig.4). This size guaranteed presence of sought-for particle on the cut piece of fabric and provides convenient further manipulations with the fragment. Assurance about this presence is reached by repeat expositions of cut fragments.
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FIG. 4. Girded template (left) and fabric (right) with holes from 5 cut fragments
and with one cut fragment.
5. Information about composition and size of alpha-emitting microparticles

Preliminary information about composition and size of alpha-emitting microparticles is important if not all particles can provide prosecution with useful information. The time and efforts can be saved for useful work. The possibility of obtaining of the correct preliminary information is checked by the comparison of the results of alpha autoradiography with the results of ICP mass spectrometry of 2 cut fragments (fig. 4). ICP MS was applied for much more accurate measuring of amount of uranium and plutonium in 2 cut fragments (in 2 particles) and for confirmation or disavowal of the alpha autoradiography results. The results of analysis of two particles with different elemental compositions are discussed in this paper.
Loss of energy of the alpha particle during the moving through the solid of microparticle should be taken into consideration for the correct interpretation of the histograms with size distribution of the curvature of corresponding cone tops. The energy loss determines increasing of the diameter d of the curvature of cone top corresponding to that alpha particle. Accordingly the distribution will be expanded to the direction of the larger values of diameter d and maximum of distribution will be shifted in the same direction.

Energy losses are significant in the high density particles of uranium oxides with sizes beyond 3 µm and particles of plutonium oxides with sizes beyond 5 µm [4]. Alpha particles, which are emitted by nucleus of uranium-234 from the microparticle depth layer of 2 µm, will form tracks corresponding to alpha particles, which are emitted from the surface of microparticle by nucleus of uranium-235. Alpha particles, which are emitted by nucleus of uranium-234 from the microparticle depth layer of 3 µm, will form tracks corresponding to alpha particles, which are emitted from the surface of microparticle by nucleus of uranium-238.
Size distribution of diameter d for particle 1 is shown on fig. 5. Total amount of tracks is 347. Maximum of distribution about d = 6 µm confirm the presence of plutonium. Expanding of the size distribution to the direction of larger values d can be explained by the presence of uranium as well as by a relatively large size of the plutonium microparticle and accordingly by majority of alpha particles, which have lost its energy inside the solid of microparticle.
But total amount of tracks and accordingly common alpha radioactivity of the microparticle does not correspond to relatively large plutonium microparticle. It corresponds to the diameter of spherical plutonium particle of about 0.5 µm. No energy loss can be noted under such a size. Therefore it may be concluded, that both: plutonium and HEU present in microparticle.
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FIG. 5. Size distribution of diameter d for fragment 1 (particle 1).

Tracks with d = 14 µm can be formed by alpha particles emitted by the uranium-234 nucleus and flown about 3 µm inside the solid of microparticle.
Amounts of plutonium and HEU can be estimated by dividing the size distribution of d in correspondence with modeling size distributions for plutonium-239 and plutonium-240 together and for uranium-234 separately. Selecting the altitudes of distributions, summarizing these modeling distributions and inscribing of the sum of two modeling distributions into experimental distribution allow to obtain two approximate distributions. Two such distributions for particle 1 are shown on the fig. 6.
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FIG. 6. Dividing of size d distribution of fig. 5 on two modeling distributions:

“239Pu + 240Pu distribution” (blue) and “234U-distribution” (red).
This dividing together with the total amount of tracks determines the size of HEU particle about 4 µm, and the size of plutonium particle – about 0.4 µm. It means that the size of single particle is about 4 µm.
ICP MS results confirm the presence of both: plutonium and HEU in this microparticle. Measured amount of plutonium and uranium correspond to spherical microparticle of plutonium with diameter 0.51 µm and spherical microparticle of HEU with diameter 2.6 µm. It means that ICP MS results also confirm the approximate estimation of microparticle size.
Size distribution of diameter d for autoradiography results of particle 2 is presented on fig. 6.
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FIG. 6. Size distribution of diameter d for fragment 2 (particle 2).
Total amount of tracks is 183, what determines some worse statistics parameters in comparison with the particle 1. Minimum value of diameter d is about 8 µm. It means that microparticle does not contain plutonium and contains HEU only. Maximum value of diameter d is about 16 µm. It determines the flying distance about 6 µm inside the solid of microparticle for alpha particle emitted by the nucleus of uranium-234. Total amount of tracks approximately correspond to such size of HEU microparticle.
ICP MS results confirm the presence only of HEU in this microparticle. Measured amount of HEU correspond to spherical microparticle of HEU with diameter 7.2 µm, what is relatively close to 6 µm had been determined by alpha autoradiography method.

6. Conclusions
6.1 The results of alpha autoradiography allow to distinguish HEU particles and plutonium particles by the comparison of size distributions of the curvature of corresponding alpha track cone tops.
6.2 Accuracy of the localization of alpha emitting particle on the first step of its proceeding is about 200 µm.

6.3 Analysis of the size distribution of the curvature of the alpha track cone tops allows not only to distinguish HEU microparticles and plutonium microparticles, but to determine the presence of both elements in microparticle, to estimate amounts of uranium and plutonium in particle and even to estimate the size of particle with relative uncertainty about 20%.
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