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ABSTRACT

The procedure followed by the Laboratério de Metrologia Nuclea at the IPEN, in Sdo Paulo, for the
standardization of *¥Csis described. The activity measurement was carried out in a4r3—y coincidence system,
by the tracing method. The radionuclide **Csis a -y emitter and was chosen astracer because of its end-point
beta-ray energy which is smilar to *’Cs. Some sources were prepared by dropping B pure aad -y solutions
diredly on Collodion film, and other sources were prepared from a ***Cs + **’Cs solution mixed previously in
equal proportions. The activity of the solution was determined by the extrapolation technique.

1. INTRODUCTION

The Laboratorio de Metrologia Nuclear (LMN) at IPEN has provided a, 3 and y standard
sources to several users of detedion systems. To achieve this objedive, the LMN has
developed standardization methods for several -y, a—-yand X-y, emitters, by means of
4A13-y coincidence system [1,2]. In the cae of pure beta emitters, the LMN usually applies
the tradng method. This method consists of measuring a pure beta amitter mixed with a
-y emitter, which provides the beta detection efficiency.

Though *'Cs is usually considered a B-y emitter, the @incidence technique @nnot be used
because the daughter radionuclide is produced in a meta-stable state. Therefore it must be
treated as a pure beta emitter for absolute alibration purposes. It decays with half-life of
(30.15 £ 0.06) y [3] by beta emisdon with end-point energy of 11732 keV (5.4%) to the
ground state of **'Ba and by beta emisson with end-point energy of 5115 keV (94.6%) to the
excited level of 1*™Ba This level has a meta-stable state which decays with (2.554 + 0.002)
minutes to the ground state of **‘Ba by 6616keV gamme-ray emisson (Fig.1).
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Figure 1. Decay scheme of *'Cs[3].



The radionuclide 3‘Cs was the B-y emitter seleded to be used as trace because it has the
s?me dhemicd composition and it emits beta particles with end-point energy close to those of
137,

Cs.

2. EXPERIMENTAL METHOD
2.1. SourcePreparation

The sources to be measured in the incidence system have been prepared by dropping
known aliquas of the radioadive solution on a 20 ug cm? thick Collodion film. This film
had been previously coated with a 10 pg cm ~ gold layer in order to turn the film conductive.
The sources were dried in dessecator. The massdetermination has been performed using the
pycnometer technique, in a Sartorius MC 21S balance [4]. Two kinds of sources were
prepared: the first was prepared using a mixed solution of trace and beta pure a aratio of
1:1. The second was prepared by dropping individually known aliquots of trace over known
aliquots of pure beta solution. The sources from the mixed solution were identified as M and
the other wereidentified as .

2.2. 43—y Coincidence M easurement

The 43—y coincidence system used for measuring the trace solution and the beta pure plus
trace solution, consisted of a proportional counter with 41t geometry filled with 0.1 MPa P10
gas mixture, coupled to a pair of 76mm x 76 mm Nal(TI) crystals. The measurements were
performed by integral mode for beta detection, cutting off only the eledronic noise. The
calibrations of traceé and trace plus pure beta were performed seleding a y-ray
discrimination window in the (796 + 802) keV energy range. In this window the decay
scheme arrection is expeded to be small.

The wincidence ejuations applied to ***Cs +*'Cs are given by:

Ng = E\‘mr %Btr + (1_8Btr ) Bufon Eor, %*‘ Nop (8Bp + C)
]

1+a, (1)

1
Ny = No€y —1+0‘tr (2
Ne =Nopiey, Tva, 3)

Equations (1), (2) and (3) lead to
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Where:
Ng, Ny and N_ are beta, gamma and coincidence counting rates, respectively;
N,  isthetracer radioactive source disintegration rate;

N,  isthe pure betaradioactive source disintegration rate;
Eptr isthe tracer beta detection efficiency;

ggp  Isthe pure beta detection efficiency ;

g,  Isthe gamma detection efficiency;

gpy, IS the tracer gamma detection efficiency for beta detector;

€., Isthetracer conversion electron detection efficiency;
a, isthe tracer total internal conversion coefficient;
C= b (0( €. +Ee ) is the contribution of conversion electrons and unconverted
(1+ C() p“ce By,
p
gamma-ray counted in the beta detector [5]:
Where:
b is the probability of beta emission to the metastable level;
ggp  Isthe gammadetection efficiency of beta detector for the pure beta;
€ce is conversion electron detection efficiency associated to the pure beta;

Op isthe total internal conversion coefficient associated to the pure beta;

These parameters were taken from the literature and are shown in Table 1.

Table 1. Factor C; valuesof b, a; and g, from theliterature

Reference Parameters Values C
[5] b (branch B~ to *"™Ba) 0.9461+ 0.0023 0.09568 + 0.0007
[3] a; (of ¥'™Ba) 0.1097 + 0.0010
[9] gpy (for y -ray of 661.6 keV) | 0.0025 + 0.0002

Since the tracer disintegration rate is previously known, equation (4) becomes

NN € C
By _ N. = N Py =
NC Otr oP EBU EBU (5)

When the beta pure and the tracer are combined in a single source, arelationship between the
detection efficiencies can be represented by a function F of the tracer efficiency [6]. This
relation can be defined by

egp =F (L-€p ) (6)

Or by afunction G given by
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where gg is approximately equal to the dficiency parameter N/N, .

Expression (5) can berewritten as:

Ny Ny =Ny L+ g e Ny ®)
N, oo N./N,

The function G' is usually represented as a polynomial of the inefficiency , and goes to unty
when (1-N¢J/Ny)/ NJ/Ny goes to zero. Solving equation (8) by polynomial leest square
fitting, the linear coefficient yieldsthe Ngy(1+C) value.

3. RESULT SAND DISCUSSON

The trace specific adivity was previously obtained by averaging ten radioadive sources
values measured in the wincidence system. The trace decay scheme crrection fador used
was (0.0097+ 0.0019[7].

The pure beta adivity was determined by the extrapolation technique, changing the trace
efficiency parameter No/Ny by using Collodion external absorbers over and under the sources.
Fig. 2 showsthe extrapolation curve obtained with sources prepared from solution M and Fig.
3 shows the @rresponding curve obtained with sources prepared by dropping aliquots
individually (1).

The solid curves were obtained by Linea Least square fitting of a second degree polynomial
using code LINFIT[6], which incorporates covariance matrix methodology. Table 2 presents
the intercept values, No(1+C), obtained for the two curves. The final **'Cs disintegration rate
was obtained dividing the intercept by the (1+C) value shown in Table 1. The value of fador
C determined from literature data is presented in Table 1.

Table 2. Intercept obtained by linear least squarefitting

Group Intercept (x 10°) Average (x 10°)
M (1590 + 1.1)
(1594 + 1.0)
| (1613 + 2.6)
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Figure 2. Extrapolation curves of NgNy/Nc as a function of (1- Nc/Ny)/ (Nc/Ny)
for group M sources.
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Figure 3 Extrapolation curves of Ng N\/N¢c as a function of (1- Nc/ Ny)/ (Nc/ Ny)
for group | sources.
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As can be seen, both results agreewithin the estimated uncertainty. The final adivity of 1*'Cs
solution was calculated by the unweighted average between the two preparation methods,
resulting (1456. + 1.4) kBqg™.

4. CONCLUSION

The values of Ng from two methods are in agreement within the experimental uncertainty.
The source preparation by dropping individually from the two (pure beta and trace)
radioadive solutions on the Collodion film is much easier to perform and uses less
radioadive material. For this reason it will be alopted for future measurements. A Monte
Carlo simulation of the extrapolation curve is underway in order to confirm the behavior of
experimental data shown in Figures 2 and 3.
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