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The gamma-ray emission probability per decay for the 1266-keV transition of >'Si has been measured. This
radionuclide was obtained by means of the *'P(n,p)’'Si reaction in a fast neutron flux at the IPEN 2 MW
research reactor. The sample activity has been measured by the 4nf8-y coincidence method and the
efficiency tracing technique was applied using *Na as the tracer. The gamma-ray counting has been
performed in a calibrated HPGe spectrometer. The resulting emission probability per decay obtained for
3Si was 5.537 x 10~* with an overall error of 1.21% (one standard deviation).

Introduction

The accurate knowledge of the gamma-ray emission
probability per decay (P,) of radionuclides is import-
ant in several applications. In the case of *'Si, the
importance lies mainly in cross section measurements
by the activation method (Zijp and Baard, 1979) and
in silicon rod monitoring after neutron transmutation
doping (Parma and Hart, 1982).

The decay scheme of 'Si is shown in Fig. 1. This
nuclide decays 99.94% by beta-transition to the *'P
ground state. The remaining 0.06% feeds the first
excited state, giving rise to a 1266 keV gamma-ray.

In the literature, the measurements of P, for the
1266 keV gamma-ray of *'Si are scarce and show
large discrepancies. The main reported values for this
parameter are 7 x 10~* with no stated uncertainty
(Lyon and Manning, 1954) and (5.90 + 0.29) x 10~*
(Parma and Hart, 1982). For this reason we have
undertaken the measurement of this emission prob-
ability using 4nf-y coincidence counting and HPGe
spectrometric techniques. Because of the very low
intensity of the 1266 keV gamma-ray, direct use of the
4nf-y coincidence counting is not possible. There-
fore, the efficiency tracing technique (Merritt and
Gibson, 1978) should be used. This technique has
been applied in the present work choosing *Na as
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Fig. 1. Decay scheme of *'Si (Zijp and Baard, 1979).

tracer due to its very close beta energy as compared
to *'Si. We have reported a preliminary result of
(5.874+0.14) x 107* (Geraldo et al., 1992). This
measurement has been revised thoroughly and
changed slightly. The new value is given in the present
paper. The corresponding change in the reported
cross section is briefly discussed.

Experimental
Source preparation

The *'Si was obtained by means of the *'P(n,p)*'Si
reaction in a fast neutron flux of 4 x 10 cm™?s™!
obtained near the core of the IPEN 2 MW research
reactor. The sample was made of 150 mg NH,PO,
powder wrapped in aluminum sheet and sealed inside
a polyethylene tube. A cadmium cover was used
around the tube in order to avoid undesirable acti-
vation by thermal neutrons. The irradiation time was
around 1 h. After irradiation, the NH,PO, powder
was measured in a HPGe spectrometer system. Im-
mediately after this, the powder was dissolved into an
accurately known mass of 1 M HCI solution.

The *'Si sources to be measured in the 4nf8-y system
were prepared by dropping known aliquots of the
solution on a 20 gg/cm? thick COLLODION film.
This film had been previously coated with a
10 ug/cm? gold layer in order to turn the film conduc-
tive. A seeding agent (CYASTAT SM) was used to
improve the deposit uniformity and the sources were
dried in a warm (40°C) nitrogen jet (Wyllie et al.,
1970). The accurate source mass determination was
performed using the picnometer technique (Campion,
1975). The tracer solution of *Na was prepared by
dissolving NaCO, in a 1 M HCI solution after ir-
radiation with thermal neutrons. The *Na sources
were prepared in the same way as for *'Si.
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For the first irradiation, three sets of six sources
each were prepared: one from the *'Si solution.
one from the *Na solution and another one mixing
drops from both solutions (mixed sources). For
the remaining irradiations, only °'Si sources were
prepared.

4nf -y Measurements

The system used for absolute standardization of
the *'Si sources consists of a gas-flow proportional
counter with 4n geometry (beta-channel) coupled to
a pair of Nal(Tl) scintillation counters (gamma-chan-
nel) operating in coincidence (Moura, 1969). The
proportional counter plateau was reached with a
+2050 V bias. The lower discrimination level was set
around 0.9 keV. The gamma-channel window was set
to measure only the 1369-keV total absorption peak
of **Na.

The presence of P from (n,y) reaction in *'Si and
mixed sources has been taken into account by remea-
suring these sources several days after irradiation.
The amount of **P was then calculated and subtracted
from the observed *'Si counting rate in the 4nf
detector. The magnitude of the *P beta contribution
at the time of measurement was around 6.5%. The
contribution from *Si produced by (n,y) reaction in
31Si has been estimated to be <0.01%.

The ¥'Si specific activity (Bq/g) measured by a
mixed source was deduced applying the equations
given in (Merrit and Gibson, 1978) and resulted:

Ay = N/i}l/"(é/i'r”}l) (n
where:
N/m = N/ITOT — Ay €y My — N/m (2)

and Ngpor is the total counting rate observed in the
47 proportional counter, corrected for dead time and
background, A4,, is the **Na specific activity deter-
mined by the 4nf-y coincidence method, corrected
for decay, ¢, is the f efficiency calculated by the N,/
ratio for the given mixed source, where N /N, is the
ratio of coincidence and gamma rates, calculated by
the Cox—Isham (Cox and Isham, 1977) formalism,
Ny, is the counting rate due to *P, corrected for dead
time, background and decay, and #1,, and m,, are the
masses of the *'Si and **Na aliquots contained in the
mixed source, respectively.

Figure 2 shows the behavior of the observed
specific activity of ¥'Si for several mixed sources, as
a function of the inefficiency parameter
(1 — NJN)/(NJN.). Tt can be seen that N/N, is
very close to unity for all sources. A statistical
analysis showed that the calculated slope is zero
within the measured errors. For this reason, for
the remaining three irradiations only 'Si sources
were measured. In this case the specific activity is
given by:

Ay = (ngror — Ny)i (€ my) (3)
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Fig. 2. Behavior of the observed specific activity of mixed
sources as a function of the inefficiency parameter:
(I = NJNY(NJ/N.).

where: € is the average f efficiency determined by
combining the N/N, ratios of all mixed sources. Its
value is (0.995 + 0.003).

The activity of the irradiated sample was calculated
by taking the specific activity multiplicated by the
total mass of the *'Si solution (50 g), which was
measured with an error of about 0.1%.

Gamma Spectrometry Measurements

The *'Si sources were measured in HPGe spec-
trometer. The detector volume was 99.7 cm® and the
intrinsic efficiency was 20%. This spectrometer has
been calibrated in the energy range between 778.90
and 1408.02keV by measuring IAEA standard
sources of “Co and '"YEu. The calibration was
checked by measuring a ®Co source standardized in
the 4nfi-y coincidence system.

The source to detector distance was around
17.2 cm. At this distance the cascade-summing effects
were estimated to be negligible. Dead time and
pile-up corrections were applied by measuring a
reference pulser peak near the upper end of the
gamma spectrum simultaneously with the sources.
The area of the peak was evaluated by summing all
MCA counts in the interval [C — 33, C + 3] where
C is the peak centroid and J is the FWHM (full width

Table 1. Estimated uncertainties envolved in the ''Si y-ray emission
probability measurement (in %)

Irradiation

Source of error 1 2 3

Peak area statistics 0.84 0.99 0.85
Source mass 0.15 0.15 0.15
Attenuation factor 0.15 015 0.15
Geometric factor 0.52 0.52 0.52
Ny 0.15 0.22 0.80
Half-life 0.40 0.23 0.11
Ny 0.17 0.17 0.38
Decay time 0.44 0.44 0.44
f efficiency 0.30 0.30 0.30
- efficiency 0.54 0.54 0.54
Total error 1.60 1.65 1.79




Gamma-ray probability per decay of Si-31

Table 2. Results of the gamma-ray emission prob-

ability of *'Si
I
Irradiation (x107%) Error (%)
1 5.532 1.60
2 5473 1.65
3 5.632 1.79
Average 5.537 1.21

at half maximum). The net counts were obtained by
considering the background in a region of width § at
both sides of the gamma-ray peak. Corrections were
applied to account for geometric differences between
the *'Si and the standard sources as well as for
gamma-ray self absorption.

Results and Discussion

Table 1 shows the estimated uncertainties involved
in the measurement of P, for the 1266-keV transition
of *Si. As it can be seen, the main sources of
uncertainty are in the HPGe measurement, namely:
statistics in the 1266 MeV y-ray peak area, detector
efficiency and geometric corrections. The overall er-
ror for each irradiation was in the range of 1.6-1.8%.
Table 2 shows the average value for P, of *'Si. This
value was calculated by a least square fit procedure,
applying the covariance methodology. The result was
(5.537 £ 0.067) x 10~*. The reduced chi-square was
1.82 indicating a satisfactory fit. The difference be-
tween this value and the preliminary value
(5.87 £ 0.14) x 10~* reported previously (Geraldo
et al., 1992) comes from a more rigorous account of
the 2P activity and improvements in the gamma-spec-
trometric measurements. The result of the present
work is somewhat smaller than reported previously
by Parma and Hart (1982) and Lyon and Manning
(1954).

With this new value of P, the reported cross
section for the 3'P(n,p)*'Si reaction (Geraldo et al.,
1992) is changed to (36.0 + 1.4) mb. This value is in

1211

better agreement with the results of Fabry er al.
(1978) and Callammand (1974).
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