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Introduction

Spatial distribution measurement of radioactive sources is a routine task in the nuclear
industry. The precision of each measurement depends upon the specific application. However,
the technological edge of this precision is motivated by the production of standards for
calibration. Within this definition, the most demanding field is the calibration of standards for
medical equipment. In this paper, a semi-empirical method for controlling the measurement
precision is demonstrated, using a relatively simple laboratory apparatus.
The spatial distribution of the source radioactivity is measured as part of the quality assurance
tests, during the production of flood sources. These sources are further used in calibration of
medical gamma cameras. A typical flood source is a 40 x 60 cm2 plate with an activity of 10
mCi (or more) of 57Co isotope. The measurement set-up is based on a single Nal(Tl)
scintillator with a photomultiplier tube, moving on an XY table which scans the flood source.
In this application the source is required to have a uniform activity distribution over its
surface.

Source Production and Measurement Apparatus

The 57Co isotope is mixed with epoxy resin and caste between two parallel plates. The
hardened epoxy is then removed from its mold and encased in thin aluminum or plastic
sheets. Without its cover, the source is 7 mm thick with fluctuations of the order of 0.02 mm.
Flood sources are produced in two geometries, circular and rectangular.
The measurement apparatus is composed of a detector unit and an XY table. The detector unit
includes a l"xl.5" Nal(Tl) scintillator, with a Photo Multiplier Tube (PMT) housed in a
Pb-Cu shielding with a 10 mm dia. collimator. The collimator width, length and the distance
between its face and the plan of measurement define the actual unit cell. The PMT is
connected through a preamplifier to an amplifier. The detector is mounted on the XY table,
which is connected to a Programmable Logic Controller (PLC) unit controlled by a standard
PC. The energy resolution with this set-up at the 57Co emitting lines (122 keV and 136 keV) is
9%, which is wide enough to merge the two lines into a single peak. With a discriminator unit
an ROI (Region Of Interest) is defined around the 57Co peak and the TTL output is then
recorded by the PC.

Measurement Procedure

The source area is fully scanned on the XY table with small overlap between the unit cells.
The time window for the unit cell is determined, based on the required precision and the flood
source activity. However, when the total measurement time became of the order of several
days for a single flood source, other parameters which are directly related to the measurement
time have to be considered. For example, the collimator cross-section area defining the
statistic for a unit cell. The energy window also influences the time measurement, tight
(loose) ROI will decrease (increase) the counts.
When the measurement time of a single source exceeds 24 hours, the natural decay of the
57Co (half lifetime of 270.9 days) has to be considered. This will contribute a systematic
effect of the order of tenth percents to the uniformity test. However, such an effect can be
easily corrected by software manipulation.
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Set-up Optimization

There are several free parameters in the measurement apparatus such as: the collimator
diameter, its length, its different materials and their thickness, the distance between the
collimator window and the flood source, etc. Each of the proposed configuration can be easily
checked quantitatively with a point-like source. A typical problem for a spatially distributed
source is the reflection inside and outside the collimator. For example, the unit cell in the
flood source is by three orders of magnitude less than the whole source area. Therefore, small
reflection effect originated far from the collimator can be summed up to give a 20% - 30%
contribution to the ROI, hence damaging the distribution measurement. Such reflections will
cause an artificial edge effect which strongly depends on the source geometry. The spectra
from a unit cell on the 57Co flood source is shown in Figure 1. The peak is the mixture of the
122 keV and 136 keV lines, with the background reflections.

Figure 1: Spectra of Unit Cell in Co Fiood Source
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In order to quantify the reflection problem and the deterioration it causes to the uniformity
test (or activity distribution in general), heavy time consuming Monte Carlo simulations can
be carried out. In contrast, a fast semi-empirical procedure can be applied with qualitative and
quantitative output as described below.
A point-like source of 57Co is placed in the measurement plane. The source contribution to the
ROI is recorded as a function of its lateral distance from the collimator. This empirical
function is used as an input to a computer program, which simulates an ideal uniform flood
source. This source is built as a superposition of many virtual point-like sources, distributed
as is expected from the specific flood source geometry. The precision of such a correction
procedure is controlled by the number of experimental points used to describe the functional
dependence of the ROI content with the lateral distance on the measurement plan. Figure 2
shows the dependence of the spectra obtained from a point-like source as a function of its
lateral distance from the collimator window.

The simulated ideal uniform flood source is used to evaluate the measurement apparatus. Two
parameters are defined to quantify the flatness of the measurement, the variability and the
integrated uniformity. The variability is the variance normalized by the average value cr/<N>.
The integrated uniformity given by (Nmax-Nmjn)/(Nmax+Nmjn), where Nmax (Nmin) is the
maximum (minimum) counts per unit cell.
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Figure 2: Weighted Spectrum Vs. Distance from Collimator Center
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In Table 1 are listed the values of these simulated parameters as a function of the distance
from the edge which was excluded from the measurement. In a simple flood source geometry
such as circular or rectangular, this simulation will provide maximum counts at the center of
the source and minimum at the edge or at the rectangle corners. These effects are
demonstrated in Table 1 where the uniformity is improved as larger margins are excluded.

The simulated ideal flood source is aimed to optimize the spatial distribution measurement
set-up. Moreover, based on the final configuration, the simulation offers a tool to correct the
measurement of the real flood sources, to obtain their true spatial distribution.

Table 1- Uniformity Vs. Margins Excluded from Measurements

Distance from Edge
[cm]

0
1
2
3
4
5

Measured Area
(%)
100
91.2
82.8
74.8
67.2
60

Variability o7<N>
(%)

9
0.3
0.07
0.04
0.02
0.009

Integral Uniformity
(%)
35 ;
9.5
0.2
0.1
0.07
0.03

Summary

A systematic method to design and quantify the spatial distribution measurement of a
radioactive source is presented. This technique was implemented at the NRCN radio-isotope
laboratory to perform a quality assurance test for flood sources, used to calibrate medical
gamma cameras.
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