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An improvement to nuclear track counting systems using laser light scattering
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In this work we present a device to measure the angular distribution of the diffuse optical transmittance produced by etched nuclear tracks
in a polyallyl diglycol carbonate (PADC) detector. The device makes use of a stepper motor to move an array of four photodetectors around
the sample in 1.8-degree steps. The effect of additional scatterers is reflected in the width at half height of the angular distribution curves.
The width at half height was found to be a linear function of the nuclear track density in the range from zero1@Z81-2. An Am-Be

neutron source was used.
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En este trabajo reportamos un dispositivo para medir la distibumagular de la transméi optica difusa producida por trazas nucleares
reveladas en el detector policarbonato alil diglicol. El dispositivo emplea un motor de pasos para mover un arreglo de cuatro fotodetectores
alrededor de la muestra en pasos de 1.8 grados. El efecto de agregar trazas nucleares se refleja en el ancho a la mitad del pico de la distribuci
angular. Se obsetvgue esta cantidad es una fumtlineal con la densidad superficial de trazas, en el rango desde cero haste’ 2612,

usando una fuente de Am-Be.

Descriptores:Transmitancia; distribudin angular; PADC; CR-39; trazas nucleares.

PACS: 29.25.Dz, 29.40.WKk, 29.40.Gx

1. Introduction Irradiation

Irradiations were performed in the facilities of Oak Ridge
National Laboratory’s Dosimetry Applications Research
DOSAR) group. The CR-39 chips were placed on the face

The fast reading of CR-39 detectors is an important appli
cation of high-throughput data analysis technology. Com

mercially available systems usually make use of optical mi
croscopy instrumentation, with automated mechanisms an f a 40<40x15 cnt _phar?tom of polyme.thyl methacrylate
PMMA) and overlaid with a 3 mm thick PMMA sheet

software to acquire images and morphologically characteriz . .

the samples [1,2] On the other hand, the optical characteriz&<'vINg as a charged particle generator. The front face of
tion of etched nuclear tracks has been extensively consideréﬂe PMMA pha”“’”_" was located 50 cm fror_r?‘&Am-Be
since the early days of nuclear track methodology [3]. In thigheutron _source with a total neutron emission rate of

Vo1 i
work we describe a device to determine the angular distribu9'8d6>;;?1 S (472' hNgutrc(j)n exposure tlmels were 24, 48
tion of the optical transmittance produced by etched nuclea®” ours, and the incidence was normal.
tracks and show how the angular distribution curves may b%hemical etching

used to measure nuclear track density )
After exposure to the neutron field the detectors were devel-

oped using a one-step chemical etch in a 6.25 M KOH so-

2. Experimental procedure lution at 60:1°C for 18 hours and subsequently washed in
. clean running water for 15 minutes and sandwiched between
Sample preparation layers of desiccant paper for drying.

PADC (CR-39) Landauer polycarbonate in the form of pMeasurement device
1.8x0.9 cn? chips was used as the neutron detector material, . . A
Each polycarbonate chip comes supplied with an attacheé photograph of the exp.erlmentallsetup Is shown in F'gi L.
125 um protective foil to reduce background exposure andThe sample holder qon3|sts of a disk with slots to hold eight
damage due to handling. The protective foils were peelecg:R'39 detectors. A light beam from a He-Ne laser of 10 mW

from the detectors, and the detectors chemically pre—etche'aOminal power, perpendicular to the rear surface of the o_le-
in 2 6.25 M KOH solution at 781°C for 2 hours in order to  {€ctor, enters and then passes through the detector. The illu-

eliminate surface impurities, scratches and irregularities. A]‘—'T"n""ted area is circular and has a diameter of 1.5 mm. The

ter pre-etching the detectors were washed in distilled watellUMinated region was chosen so as to minimize the effects

and air-dried of singular scatterers such as impurities or scratches in the
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FIGURE 1. Photograph of the experimental setup. FIGURE 2. Schematic overhead view of the experimental setup.

material. Part of the transmitted light is scattered by the track&32 serial communication port as a DCE, connected to the
etched on the rear surface of the detector. The scattering cserial port of the PC, which operated as a DTE, permitted
herent cone depends on the size, shape, and density of thee reading of the photodetectors in the appropriate order at
scatterers. each step of the stepper motor A 180-degree scan around
To measure the intensity of the scattered transmitted lighthe sample required the stepper motor to make only 25 steps
four PIN silicon photodetectors each with a sensitive aredTwenty-five steps of 1.8 degrees add up to an advance of the
of 1 mn?, were attached to the edge of a 30 cm diameterdisk of 45 degrees.) The plane of the set of photodetectors
polystyrene foam disk at intervals of 4Fhe incident light ~was situated 5 mm above the main transmitted laser beam in
was monitored by using a beam splitter consisting of a piecerder to avoid overloading the photodetectors. The use of a
of microscope glass to reflect 8% of the laser beam to a refsmall beam blocker was not convenient as the shadow would
erence photodetector. The position of the sample coincideliave produced a spurious signal
with the axis of the polystyrene disk. There was a lapse of one second between two consecutive
The angular distribution of the transmitted scattered lightsteps of the stepper motor, during which the voltmeter with
was obtained by coupling the axis of the polystyrene foanthe multiplexing card performed the reading of the photode-
disk to a stepper motor shaft. A four-coil stepper motor fromtectors. Thus the time required to obtain one angular distri-
an old floppy driver was chosen due to the simplicity of thebution curve was 25 seconds. In principle the scattered light
buffer circuit, which feeds each coil sequentially using theexhibits axial symmetry, implying a suitable range of the an-
data bus of the DB25 parallel port of a PC. The stepper mogle ¢ from 0 to 90 degrees, however we scanned from -90
tor advanced in steps of 1.8 degrees. This automated systeim 90 degrees to experimentally verify the symmetry in this
allows rapid determination of the angular distribution curves dimension.
The transmittancé” of the scattered transmitted light as
a function off, the angle between the line normal to the far3, Results
side of the sample and the direction of the scattered light, i

given by ?:igure 3 shows typical 100 optical microscopy images of

1(0) the detector surface for different exposure times. The small
T(0) = T2 (1) tracks correspond to (n, p) conversion and the larger ones

or to (n«) conversion. The circular shape of the nuclear track
wherel(0) is the light intensity measured by the set of pho-apertures reflects the normal incidence of the particles. Track
todetectors/, is the intensity of the incident light as mea- production efficiency was found to be %20~4. Track den-
sured by the reference photodetector and the factdrac-  sity saturation is observed in the lower right image of Fig. 3.
counts for the decrease of scattered light intensity with dis- Figure 4 shows the angular distributidit9)/I, of the
tance. In order to avoid undesirable diffused light, a blackiransmitted scattered light as measured by the device de-
iris was placed in the trajectory of the incident beam, and th&cribed above. All of the data sets clearly exhibit Lorenztian
surface of the polystyrene foam disk was sprayed with blackehavior. Lorenztian curves were fitted to the data sets to dis-
paint. tinguish the track distributions from noise and fluctuations,

Figure 2 shows a schematic overhead view of the experand to determine the widths at half height. The correlation
imental setup centered on the sample. The photodetectoc®efficients were all greater than 0.98. Note that the blank
were initially positioned at 45, 0, -45 and -90 degrees Asample shows a background signal due to surface imperfec-
Keithley multimeter provided with a multiplexer card and a tions.
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FIGURE 5. Width at half height as a function of track density.
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FIGURE 4. Angular distribution of the transmitted scattered light Acknowledgments
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