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ABSTRACT

A simple method, proposed by us earlier, - 2z geometricol
configuration coupled with the thickness criterion - fo measure the K-
shell X-ray fluorescence paramelers is extended fo high Z material-
Thorium. The fluorescent X-rays are generated by o weak Co-57
radioactive source ond detected by employing a Nal {T)) detecior
spectrometer. Measured value is compared with the best fitted value
produced by Hubbell et ol. and with the experimental value of
Balakrishna et al. We found good agreement with each other, thus
establishing the applicability of our simple method for measuring
fluorescence yield of high Z efement.
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1. Introduction

X-ray fluorescence (XRF) phenomena has been utilised in a wide variety of fields.
This demands not only the accurate measurements of XRF parameters but also a
wide variety of geometrical conditions to meet the requirements in diverse fields
such as health physics, industry, forensic science, archaeology and so on. In recent
years, we have developed, successfully, a simple and an elegant method to obtain
XRF parameters accurately {1-5]. The crucial features of our method include the
provision for large solid angle {almost 27 st} subtended by the detector at the
source as well as at the target. This helps to estimate accurately the number of
photons incident on the target, which is an important quantity in the measurement
offluorescence parameters. In this geometrical configuration, the number of photons
that enter into the detector, in the absence of target, is same as the number of
photons that incident on the target.

The other feature is the estimation of number of fluorescent X-rays that are emitted
from the target atoms in alt directions. This is usually affected by the self-attenuation
in the target, for the X-rays emitted in a particular portion of the target are attenuated
in the subsequent layers on either side of that portion. Bambynek et al. {], have
suggested that the target thickness should be optimised in such a way that the
production of X-rays must be predominant compared to their attenuation in the
target itself {self-attenuation); this is necessary fo obtain the values of XRF parameters
accurately. Following their suggestion, we found that a target whose thickness lies
between 0.75 < £<0.95, is most suitable for XRF parameters measurements; here Bis
the self-attenuation factor whose expression is modified to suit our method and is
given by

i 1-e><p(~(,ui +;19) f)
P VEYAL

which differs from the one that is normally used by others over the years. The details
of these are discussed in our earlier papers [1-5]. In this paper, we show that our
simple method can be extended to cover high Z materials also and thus establishing
the applicability of this method for material of any Z.

2. Experimental

Uniform targets, with thickness that satisfies the condition 0.75< 8<0.95, are
prepared from the compounds of Thorium (Z = 90). In Table 1, we give the details
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of the target. Targets are excited by gamma radictions (122keV (85%) and 136keV
(11%)) from a weak ¥Co radicactive source (~10% Bq), which was procured as a
standard gamma source from BRIT, Mumbai, India. The X-ray spectrometer,
consisting of a 2" 134" thick Nal{Tl} crystal coupled to MCA, was employed to
detect and fo measure the intensity of X-rays. The spectrometer was calibrated using
several X-ray and gamma ray sources. ifs linearity and stability were checked before
its use. '

Table 1. Calculated values of self-attenuation factor, b, for selected
target thickness at excitation energy 123.6 keV,

Compound  Atomic number H; R t B
Z (cm?/g)  (em¥g)  (g/em?)
Thorium nitrate 0 1.706 0938 003342 0.957

The experimental arrangement made in the present investigation is as shown in
Fig.1. The incident intensity (source infensity} and the transmitted intensity of photons
plus the intensity of fluorescent X-rays of interested element are then measured
without and target in place respectively. Then the number of photons incident on
the target, and the number of fluorescent X-rays emitted in oll forward angles are
measured by making use of spectrum subtraction facility built-in in the MCA. The
details of the procedure were discussed in our earlier papers {1-5].

Source

/Torget

Nal(Tl)
Detector

PMT

Figure 1. Schematic diagram of the experimental arrangement.
Since Nal{Tl) detector spectrometer is not capable of resolving the gamma rays of

energies 122 keV and 136 keV, we used the weighted average of these energies,
123.6 keV, for calculation purposes.
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3. Results and Discussion

The fluorescence yield, @« value of thorium is determined in several trials to check
the reproducibility and reliability of our method. In Table 2, we give the @« values
along with their associated errors obtained in several trials for thorium nitrate along
with the weighted average of these @« values and the fitted values produced by
Hubbell et al. [7] are also given.

Table 2. Measured values of fluorescence yield, @«, for
Thorium nitrate of excitation energy 123.6 keV in six trials.

Trial No. @y, for Thorium nitrate

1. 0.975x0.014
0.980£0.014
0.988 £ 0.014
0.969 £ 0.014
0.965+0.014

I e o

0.979 = 0.014
Weighted average value 0.976 £ 0.004
Hubbell et al.'s value (7] 0.9691

From Table2, itis clear that @« values are not only in agreement amongst themselves
but also in agreement with the weighted average values and the standard fitted
values. Thus establishes the credibility of our method.

in Table 3, we compare our experimental values with others experimental values
obtained by adopting different geometries and methods and we see that our
experimental values are in good agreement with the others experimental values
indicating that our simple method also yield @« valves on par with those measured
using elaborate arrangements.
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Table 3. Comparison of fluorescence yield, @, vaolue of thorium nitrate
with standard fitted values of Hubbell et al. and others experimental values.

Compound YA Present Standard fitted  Others experimental
experimental value  value [7] value [8]
Thoriumnitrate 90 0.976 + 0.006 0.9691 0.974 £ 0.057

4. Conclusion

From the results discussed above, we conclude that this work combined with our
earlier measurements of @, values for various materials of different Z, clearly
establishies the applicability of our simple method for measurement of fluorescence
yield for materials of any Z but with suitable detector spectrometer that matches the
X-ray energies,
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