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SUMMARY

A computer program called LIBRAR has been developped in order to derive
tables of gamma peaks classified according to their energy and to calculate
the specific activities of peaks from radiosotopes produced by {(n, ¥) reactions.
Photoelectric peaks and double escape peaks were considered. The input data
include the efficiency curves of the detector, cross-sections and gamma ray
abundances of the isotopes considered : for these last quantities either literature
data or values determined experimentally in this laboratory have been used:
The list of the program and an example of the output data arc given in appen-
dices.



INTRODUCTION.

The identification of gamma emitting isotopes ob-
tained by neutron activation is usually done by measuring
the gamma peak energies.

The ratios of the photopeak areas is also often used as a
further control of the identification.

Lists of isotopes and gamma ray energies especially stu-
died as a help for the analyst are already available (1,

2, 3, 4, 5, 6, 7, 8, 9) but the ratio of photopeak areas

is generally omitted. One of the reasons is certainly the
fact that the value of these ratios, depending on the de-
tector efficiency, varies from installation to installation,

and would therefore be of little general use.

We have tried to cover this gap, by setting up a
computer program, called LIBRAR, to obtain with the mini-
mum effort, a complete library of isotopes, including ra-
tios of photopeaks valid for the detector and source geo-
metry actually used by the experimenter, and specific ac-
tivities under the peaks, expressed in counts per minute.
These last figures correspond to the irradiation at satu-
ration of one pgm of element in a thermal flux of ‘IO"3
neutrons/cm2 sec. The decay factor is taken equal to the

unity and the counting time is assumed to be 1 minute.

This program is primarily intended to help labora-
tories which are using Ge=Li detectors in activation ana-
lysis, although the program can be used also for scintil-
lators. The use of Ge-Li drifted detectors in activation
analysis is limited up to now by the small efficiency of
the detector, although they have already been found use-
ful applications (10, 11, 12).

The photopeak efficiency of these detectors, and
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therefore the photopeak ratios, are certainly very dif-
ferent from that of the scintillators, and moreover dimen-
sions and shapes, and therefore efficiencies, are constan-
tly changing.

The program should be of help to keep the library up to

date with the real detector situation of the laboratory.

INPUT DATA.

a) Photopeak efficiency of the detector vs. gamma ray e-
nergy.

The photopeak efficiency curve of the Jdetector
vs. gamma ray energy and the efficiency for double
escape veaks are the experimental input data of the
program, different from one installation to the other.
They must be provided in tabular form for energy in-
crements of 50 KeV from O to 5,500 KeV. They are cal-
led in the program TAB1 and TAB2 and are reported on
Tah'es I and II for the detector used in our labora-
tory. The efficiency curves (as shown in Figure 1 for
the same detector) can be obtained by means of cali-
brated radioactive sources. We found expecially useful
for this purpose to use a sealed Th228 source, 1in equi-
librium with its daughters. The advantage 1s the absen-
ce of decay problems and the presence in a single sour-
ce of eight photopeaks useful for calibration purpose,
and of energies ranging from 239 to 2,614 KeV. The
radioisotopes produced by decay of Th228 are represen-—
ted on figure 2. The abundance of the principal gamma
rays is also given. Most of these values are taken from
reference 13. For some abundances however there exist
discrevpancies between the values from the literature
and our experimental results: then the experimental
abundances were reported on the Figure and indicated

by an asterisk. For the double escape peaks the effi-
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ciencies are determined from sources containing Cl and
2 o ) .
Na 4. The absolute activities were previously determined

on a calibrated NaI(Tl) detector (14).
Library.

A set of data cards with the nuclear data used for
the compilation of the tables are also added as library
data. The first card contains the symbol of the isotope
(ELEM), the numerical value of its half-life (TP) the
symbol which indicates the unity used for the half-life
i.e. minute, hour, day, year (T), the number of gamma
peaks considered for each isotope (NE), the cross-section
(SIGMA) in cm2/g of the element and an index KD which is
equal to zero, if all the values for the isotope have been
taken from the literature, and is one,if the experimental-
ly determined values have been used. Experimental data can
thus be introduced instead of literature data whenever
preferred, or when literature data are lacking. The succes-
sive cards introduce the energy of the gamma ray (KEV) and

their abundance (A).

The values for the half-lives and the cross-sections
in cm2/g are taken from the previously published Data Han-
dbook for Sensitivity Calculations in Neutron Activation
Analysis (8), the gamma ray energies come from reference
(5) and the gamma ray abundances have been taken from the
book -on Activation Analysis published by W.Schulze. (2).

The library of nuclear data is reported on Table III.

COMPUTER PROGRAM.

A 1list of the program, written in Fortran IV is gi-
ven in Appendix 1. First of all the input data are read,

then the specific activity at saturation (AB) is calcula-
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TABLE III

Library of nuclear data
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TABLE III (continued)
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TABLE III (continued)
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TABLE III (continued)
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TABLE III (continued)
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ted for the photopeaks. Therefore the cross-section (SIGMA)
of each element is multiplied by the abundance (A) of the
gamma ray considered and by the values of the detector ef-
ficiency derived by interpolation from the TAB1 array. A
constant factor equal to 60 x 1013/106 =6 X 108 is intro-
duced to reduce the specific activity at saturation to more
convenient experimental conditions: a counting time of 1 mi-

13

nute, a thermal flux of 10 neutrons/cm2 sec and a weight

of 1 microgram.

For the gamma ray having an energy larger than 1,022
KeV the double escape peak energy is derived and the speci-
fic activity computed by applying the same procedure with
the TAB2 array. An index KP is added to the value of the
specific activity. Index (2) means that the peak is a pho-
toelectric peak; index (3) means that it is a double esca-

pe peak.

The different gamma peak are then dassified according
to their energy. The results in the order of increasing
energies are given on Table IV which will be discussed in

the next secition.

OUTPUT DATA.

On Table IV the gamma peaks of 100 radioisotopes are

reported in order of gamma ray energy. The energy in KeV

is given in the first column. Peaks with energy lower than
100 KeV were omitted as the adsorption within the detector
chamber can introduce a large discrepancy between the theo-
retical and the experimental values.

Moreover the presence of a high number of elements with low
energy peaks makes the interpretation of the low energy re-

gion of the gamma spectrum very hard or even illusory in
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TABLE IV

Gamma Peaks in order of increasing
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TABLE IV (continued)
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TABLE IV (continued)
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TABLE IV (continued)
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TABLE IV (continued)
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activation analysis. The symbol of the isotope is given
next. It is followed between parenthesis by the value of
the index KD which is (0) if all the numerical data used
for the isotope are taken from the literature.

If some experimental values have been adopted this index
is (1).

In the third column the half-life is reported then
the energies for the different peaks produced by the iso-
tope, are given. The values corresponding to photoelectric
peaks are proceded by the index (2), for the double escape

peaks the index (3) has been chosen.

Then the specific activisy in c.p.m. under the peaks
for the particular detector considered, is revorted. It
corresponds to the saturation and the irradiation of one

1: 2
pgm of element at a flux of 10 3 thermal neutrons/cm sec.

The last column gives the relative specific activi-
tv in percents of the largest npeak.
An exemple of the output data, obtained for a Ge-Li drif-
ted detector of a coaxial type, with an active volume of
11 cmg, is given in Appendix 2. The source geometry is a

thin disk of 22 mm diameter, placed at 9 mm from the upper

surface of the detector, as shown on Figure 3.
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APPENDIX 2 - Output data of the program
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