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MATRIX REPRESENTATION OF DECAY SCHEMES
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A matrix representation of the scheme of radioactive decay combines the compactness of a tabular form with the positional
information of a graphical “decay scheme”. The representation is particularly convenient for generation from computer files and

printing with “personal computer” types of devices.

1. Introduction

As the quality and quantity of nuclear spectroscopic
information have improved, methods of archiving and
retrieving that information have evolved. When
Strominger, Hollander and Seaborg [1] prepared the 5th
edition of the ““Table of Isotopes” (the last to appear in
Reviews of Modern Physics), there was a considerable
difference between knowledge about radiations (en-
ergies and intensities of various types of transitions) and
about nuclear excited states (energies, spins, parities,
half lives, etc.). Therefore it was useful to present both a
list of radiations and a “disintegration scheme” showing
levels and transitions among them. The difference in-
creased in the 1960s when high resolution, low effi-
ciency detectors (conversion electron spectrometers and
Ge(Li) diodes) led to rapid expansion of the lists with
relatively less information on correlations.

The gap between lists and decay schemes has closed
to the point there is little need for the separate formats
except as they fit the custom or other needs of the user.
Almost all of the gamma rays listed in the 7th edition of
the “Table of Isotopes” [2] are also included in level
schemes.

The matrix formats described in the following sec-
tions combine the compactness of a list with the infor-
mation on correlations contained in decay schemes.
Furthermore, the matrices correspond to a simple com-
puter format.

2. Matrix representation

The matrix form is used for both the computer data
file and the printed output. The data file is prepared
form a line file, each line of which describes a single
transition, i.e. a format similar to that used at the
National Nuclear Data Center [3]. The line file is con-
venient for editing but has little meaning outside its
context. The decay scheme program assembles the
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gamma transitions among N levels into a 3-dimensional
array (N X N X 2) in which the elements a, ; are:

nominal energies of levels, i=j, k=0,
transition energies, 1<j, k=0,
transition intensities, J<i, k=0,

uncertainties, ¢=1.

For unobserved transitions, intensities are listed as
zero, and limits are given as negative values for the
uncertainties. Transitions from other nuclides are stored
in a 2-dimensional array (N X 2) of intensities and
uncertainties for each parent state. These working files
are the basis for “what if” inquiries and the printed
representation described below.

The arrangement of information in the printed form
of a decay scheme is given in fig. 1. This arrangement,
with feeding intensities on the left, is most appropriate
for 87 decay in analogy with the convention of increas-
ing Z from left to right. Other types of decay (feedings
by positron emission, electron capture, and alpha decay)
might be shown by feedings in a row at the top or a
column at the right. In terms of regions, the matrix has
the following form: diagonal — properties of states of a
particular nuclide, lower left — measured properties of
transitions between levels, upper right - inferred prop-
erties of transitions, extra rows or columns — transitions
between nuclides.

As an example, part of the decay scheme [4-6] of
°1Sr is given in fig. 2. Lines have been drawn to show
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Fig. 1. Arrangement of information in matrix decay schemes.
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Fig. 2. Partial decay scheme of *'Sr(8~)>'Y +°'™Y. Information is arranged in the body of the scheme as given in fig. 1. The inset at
the top gives reduced transition rates (see text) for alternative spins for the two top levels.

the arrangement of the information in the computer
output. Energy and J7 values of levels in *'Y populated
in the decay of °'Sr are shown in the diagonal elements.
Energies and intensities of gamma-ray transitions are
given in the lower left elements. These energies are the
observed values; for an unobserved transition only the
upper limit for the intensity is given. Branching ratios
(in parts per thousand) are given in the upper right.
Empirical reduced transition rates (see definition in
sect. 2.3) are given below the branching ratios. Absolute
rates are rarely known, and these reduced transition
rates are based on assigning a value to one of the
transitions from each level. Each of the matrix entries is
explained in more detail below.

2.1. Diagonal elements

Pertinent properties of the levels are given along the
diagonal. The format is flexible in that the user can
choose the number of lines per element according to
particular needs. In the interest of compactness. the
sizes should be approximately the same across the re-
gions. If substantially more information is needed for a
level than for transitions among levels, a separate row
or column (in addition to feeding intensities) can be
used. The reverse (more information on transitions) is
not a problem since the off-diagonal elements constitute
most of the matrix.

I1I. MODELS AND DATA ANALYSIS
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2.2. Energies and intensities

The off-diagonal entries are the substance of the
decay scheme. The basic arrangement can accommodate
entries as simple as the energies and intensities as given
the lower left part of fig. 2 or as complicated as needed
(uncertainties, angular correlation coefficients, etc.). The
principle is that measured quantities appear in this part
and inferred quantities be given in the upper right.
There is little wasted space; any but the most com-
plicated decay scheme can be given in a single figure
with numerical entries of the minimum legible size.

2.3. Branching ratios

Although branching ratios can be obtained from
intensities without making assumptions concerning
models or nuclear structure, they cannot be interpreted
without some assumptions. For example, the center of
gravity of the 653- and 926-keV levels is 835 keV, which
is very close to the energy (831.7 keV) of the first 2*
state in *°Sr [2]. One might interpret these levels as
arising from a coupling of the p,,, proton to a
quadrupole excitation of the core, which would imply
enhanced E2 transitions to the ground state similar to
the 5 single particle units [7] observed for the 2% 10 07
transitions in neighboring even nuclides [2]. In contrast
to this enhancement, many transitions are much slower
than the Weisskopf estimate [7]. We have adopted em-
pirical retardations of 10° for El transitions and 102
for M1. On this basis the 273-keV M1 transition form
the 926-keV level is normal — unit rate on the empirical
scale — if the 926-keV transition is a collective E2 of 5
single particle units (spu). Similarly, if the 1055-keV
transition form the 1980-keV level to the 926-keV level
is 2 “normal” M1 (0.01 spu), the weak 675-keV El is
also normal (1.9 X 10~ spu; 1.9 on the empirical scale).

The use of a printed matrix in a manner similar to a
“spread sheet” program for “what if” questions is il-
lustrated in the top 2 lines of fig. 2. The branching
ratios remain fixed, but the reduced transition rates
depend on assumptions as to be multipole character of
the transitions. The choice of the normalizing transition

is important but generally fairly clear. In any event,
various choices can be explored.

3. Discussion

The printed matrix representation was created as an
aid in experimental decay scheme studies. With a little
experience it is easier to read than the traditional “lines
and arrows” diagrams. It can be printed quickly. mak-
ing updates convenient. Although the format for the
data file is not a replacement for line files when fre-
quent editing is required, the array format is compact
and therefore attractive for on-line storage of mature
decay schemes. One of the limits to the accuracy of
gamma-ray spectroscopy in assaying complex mixtures
of radionuclides is losses from coincidence summing. As
the applications become more sophisticated it will be
necessary to include coincidence relations in the data
base which is used in the analysis. The array format
includes that information with very little increase in the
size of the data base. It does not include a list of gamma
rays by energy, even for a single nuclide. However, it is
intended for use with a computer, most of which have
sorting programs available. The user could define the
nuclides likely to be present in a particular mixture,
obtain a list of energies and intensities (with nuclide
labels), order the list, compare with experimental spec-
tra, and refine the analysis by using gamma-gamma
correlations to correct for coincidence effects.
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