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ABSTRACT 

Title of Thesis: NUCLEAR DECAY SCHEME STUDIES OF 30-h 
1 3 1 T e m , 25-min 1 3 1 T e 9 , AND 55.5-min 1 0 5Cd 

Sydney Vern Jackson, Doctor of Philosophy, 197S 

Thesis directed by: Dr. William B. Walters 
Assoc. Professor, Dept. of Chemistry 
University of Maryland 

Dr. Richard A. Ifcyer 
Radiochemistry Division 
Lawrence Livermore laboratory 

High-resolution Ge(Li) detectors have been used to 
observe Y - r ay singles and coincidence spectra of 30-h 11/2" 
1 3 1 T e m , 25-min 3/2+ 1 3 1 T e g , and 55.5-min 5/2+ 1 0 5Cd. 

Sources of " Te and Te g were produced by neutron 
130 irradiation of enriched Te metal, and, in the case of 

Te m, were chemically purified to remove the I daughter. 
A total of 190 and 80 -r-rays are attributed to the decays of 
1 3 1Te r a and 1 3 1 T e g , respectively; and 174 and 77 of these 
transitions have been placed in a I level scheme involving 
52 excited states. Absolute 3 group intensities were 

131 determined for the transitions to •"•'•i levels. Spin and 
parity assignments were made for all observed levels. The 
B feeding from the 11/2" 1 3 1 T e m to the 7/2+ i 3 i i ground 
state was determined to be (5.2 * 3.0)% (log^t = 10.5). 
The isomeric transition of 11/2" 1 3 1 T e m to 3/2+ 1 3 1 T e 9 was 
determined to be (22.2 * 1.5)%. The 6-nsec isomer in 1 3 1 I 
at 1797 ReV has been assigned as 15/2" and interpreted as a 
TIV.V, throe quasi-particle state. 

Sources of Cd were produced via the Cd(n,2n) 



reaction on enriched CdO using 14 MeV neutrons. A total 
of 274 y-rays are attributed to the decay of Cd, and 248 
of these have been placed in a Ag level scheme involving 
50 excited states. Absolute values for the 6 /EC transition 
intensities to Ag levels were determined. The B /EC 
feeding from the 5/2 + 1 0 5 C d to the 7/2 + 25.5-keV isomeric 
state in Ag was determined to be (51.4 * 4.0)% (logft: = 
5.4). Spin and parity assignments were made for all 
observed levels. 

The experimentally determined level structures of 
I and Cd are interpreted in terms of the shell model 

and cure excitaticn considerations with emphasis placed on 
the ;ore coupling model and the three-particle models. 
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I. GENERAL INTRODUCTION 
The exact nature of the nuclear force in the nuclear 

environment is presently unknown, thus the principal approach 
to understanding nuclei and nuclear properties is the develop­
ment of nuclear models ba^ed on various simplifying assump­
tions. Experimental data on nuclear structure provide the 
iit'V.etus for the development of various models, with the 
success or failure of a model depending on its ability to 
explain the experimental observations. In turn, the theor-
e<leal model predictions provide much of the impetus for 
experimental investigations in order to test the theories. 
In the past decade, technological developments have allowed 
the detailed investigation of increasingly cc.tiplex nuclear 
decay schemes, thereby greatly increasing the base of nuclear 
structure data which must be addressed by any nuclear model. 
This study of the levels of I and Ag,as observed in 
radioactive decay,was initiated in order to extend this data 
base. She resulting data provide a check on several recently 
developed theoretical models and some suggestions for future 
theoretical development. 

No single nuclear model at present is able to success­
fully describe the properties of all nuclei, but many models 
are reasonably successful in predicting the structure and 
properties of a restricted set of nuclei. The basic model 
used to describe the I and Ag nuclides of this study 
is the "shell" or "independent-particle" model, originally 
formulated by Haxel, Jensen, and Suess <49Ha) and by Mayer 
(49Ma). This model has been discussed in detail in many 

1 



2 
excellent reviews (e.g., 61Sh, 62Pr, 63Sh, StLa, 67Go). 
In this model, one describes each independent nucleon as 
moving in some average spherically symmetric potential 
resulting from all the other nucleons. In addition, each 
nucleon is subject to a strong spin-orbit interaction. In 
a manner analogous to the atomic electron case, the nî cleons 
fill a prescribed orbital level scheme. Like nucleons are 
assumed to experience a strong pairing f'..-:e which results 
in nucleons filling in pairs with anti-parallel angular 
momenta, thus, the ground state of an even-even nucleus is 
a highly correlated 0 state, and the total angular momentum 
of an odd-mass-number nucleus i-j just that of the odd nucleon 
remaining unpaired. Nuclear excitations in this model result 
from the promotion of the odd nucleon to a higher energy 
orbital or the breaking of a pair of nucleons and then 
reooupling them to a non-zero angular momentum. 

The shell model is reasonably successful at predicting 
much systematic behavior of nuclei (e.g., the occurrence of 
"closed shells'; and many of the ground stati properties of 
nuclei (e.g., the ground state spin, parity, and magnetic 
dipole moment). However, this model cannot explain the 
low-lying level structure of many nuclei. In order to do 
this the model has been extended to include a residual two-
body interaction between nucleons to account for those forces 
not included in the assumption of an average spherically 
symmetric central potential. Considerable success has been 
attained by approximating the residual interaction by a 
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residual force consisting of two separable pavts, one having 
a short ran?e and the other having a long range relative 
to the average internucleon distance. 

The short range part of the residual force is a strong 
pairing (J=0) interaction between like nucleons. The pairing 
residual interaction was first treated by Bohr, Mottelson, 
and Pines (58Bo), Balyaev (59Ba2), and Kisslinger and Sorenson 
(60Ki, 63Ki) using the mathematical techniques developed oy 
Bardeen, Cooper, and Schrieffer (57Ba) to describe supercon­
ductivity. The pairing force couples like nucleons to zero 
total ar.gular momentum (J=0) and favors spherically symmetric 
nuclear distributions. The pairing correlations result in 
each nucleon, on the average, being surrounded by a cloud 
of like nucleons which causes a shift in the single particls 
energies. This situation is analogous to that of an ion 
in a classical liquid. The "nucleon-plus-cloud" is called 
a quasi-particle. The basis states of a model including 
the strong pairing force are the shell model states, and the 
quasi-particle energies, E J # are given in terms of the 
original particle energies,e. (shell model state energies), 
by the equations 

Ej * "^(ej- A ) 2 + A 2. (1) 
In this equation, A is the chemical potential U the ferroi 
energy) which is adjusted to reflect the number of nucleons 
present in the nucleus, and A is approximately the nucleon 
pairing energy. As in the shell model case, nuclear excita­
tions may result from the promotion of the odd nucleon, in 
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this case the odd quasi-particle, to a higher energy quasi-
particle level. 

The long range part of the residual force is usually 
approximated by a quadrupole (P,, Q-Q, or J=2) force which 
acts between pairs of both like and unlike nucleons (quasi-
particles or particles) coupling them to ^ total angular 
momentum of two (J=2). The effect of the quadrupole force 
in an even-even nucleus is usually determined by the quasi-
particle random phase approximation IQKPA). States with J=2 
are generated from a linear combination of all two-quasi-
particle configurations of nucleons which can couple to J=2. 
As a large number of two-nucleon configurations are involved 
in each excitation, these excited states are referred to as 
being collective states. These microscopically described 
states are analogous to macroscopic shape vibrations of the 
entire nucleus, the energy spacing between groups of excited 
states being fiu as calculated for a quantum harmonic oscil­
lator. By analogy with vibrational waves in acousuics, each 
quantum of vibrational energy is termed a "phonon". Two 
phonons may be superimposed to obtain (in a spherical even-
even nucleus) states with J= 0,2,4; three superimposed 
phonons will result in states with J= 0,2,3,4,6; etc. Ex­
perimentally, the members of the one-phonon and two-phonon 
(and possibly some of the three-phonon) excitation multiplets 
in even-even spherical nuclei have been obser"ed and identi­
fied. In odd-mass spherical nuclei (e.g., I and Ag) , 
nuclear excitations may result from the coupling of the 



odd quasi-partiole (or particle) in its ground state or in 
an excited state to a vibrational excitation of the even-
even "core". In a pairing-plus-quadrupole model the core 
excitations are calculated microscopically using the QRPA, 
considering all possible pairs coupling to J=2 from the core, 
and then the odd quasi-particle is coupled microscopically 
to the vibrational configuration. 

The guadrupole residual force may also be treated in 
a macroscopic fashion by considering excited states in an 
odd-mass spherical nucleus as resulting from a coupling 
between the unpaired nucleon (particle or quasi-particle) 
and a quadrupole vibration of the evei.-even core made up 
of the remaining nucleons. The quadrupole "ibration is 
considered to be harmonic, and the phonon energy is determined 
experimentally in the even-even "core" nucleus. This model 
is called the "particle-phonon coupling" or the "intermediate 
coupling" model, and was originally suggested by Bohr (52Bo). 
It has been discussed in detail by many authors (e.g., 53Bo, 
54Ch, 55Fo, 57La, 61Sh). The interaction between the odd 
nucleon and the quadrupole vibration is treated phenomeno-
logically as being a function of a spherical harmonic of 
second order, x.(ti, 9). In this model, multiplets of 
levels are predicted to lie at -Ito and ~2hw above the 
single quasi-particle energies in an odd-mass nucleus. 
In the limit of no interaction each multiplet is degenerate; 
however, residual interactions and configuration mixing 
cause splitting of the multiplets. This model considers 
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only the quadrupolo vibration excitations of the civen-cven 
core. A more general particle-core coupling model has been 
sugnested by de-Shalit (61Sh) which couples the unpairto. 
nucleon to the experimentally determined states of the oven-
even core. Such a model, then, is not restricted to col­
lective vibrational core excitations, but may include other 
core excitations such as two-proton and two-neutron states. 
In this model, however, it is necessary to treat the paiticle-
core interact-on in a more general way than considering it 
to be a function of Vj^ (0 , i ) . 

To explain the level structures of the odd-mass iodine 
and silver nuclei, four distinct models have been developed 
as extensions of the shell model. These are: (1.) the 
pairing-pius-quadrupole model of Kisslinger and Sorenson 
(60Ki, ~Ki), 1.2.) the intermediate coupling (single particle 
plus phonon) model (68Ru), (3.) the dressed three quasi-
particle (3QP) model of Kuriyama, Maruir.ori, and Natsuyanagi 
t?lKu, 72KU, 74Kul, 74Ku."., 74Ku3, 74Ku4, 74Ma3), and (4.) 
the three-particle plus quadrupole vibration model (Maga 
model) (67A1, 73A1, 73Pa, 74Ci, 74Va). These models are all 
based on the shell model but differ principally in five major 
areas, those being: (1.) whether the model considers nucleons 
as particles or quasi-particles, (2.) how many (quasi-) 
particles are treatedd and/or 3), (3.) how many phonons 
are explicitly considered (0 to 3), (4.) whether the inter­
action between particles and phonor.s is treated microscopically 
or macroscopically, and (5.) exactly vhat snail model config-



ur.itions are included in the model. I shall compare and 
:onir.ist those lour theories according to which Keynman 
,!iji:i.ras each model considers and how each treats the 
interactions and configurations depicted in the diagrams. 
Feynnaii diagrams are Becoming more and r.:oro a part of the 
i.ir.<:u.igc of t)\<- nuclear theoretician, and thoir use in 
r.jelcar theory has boon described in detail by Baranger 
'uTlia) and by Mat tuck (G7Ma) . Diagrams have the advartagc 
ol being essentially pictures of what is happening inside a 
cjuautal system in perturbation theory, and, hence, they 
JIVC so-.e feeling for what physical configurations and 
processes .̂ re bcir..: considered by a nuclear model. 

In presenting reyinnar. diagrams 1 shall adopt the forr-
a! vs'.". that a line segment will represent a particle or 
.jj.isi-particle in a specific shell model single particle 
state, and that a vertex (dot) will represent an interaction 
(cr scattering) in the nucleus. Thus, each vertex represents 
a matrix element in the perturbation calculation. Figure 1 
depicts a particle (a) and a hole lb) propagating in some 
configuration. As holes and particles are mathematically 
similar I will generally employ simply an undirected line 
segment il'iguro lc) to represent either a particle or a 
hole. (Nota bone: the calculations on iodine (silver) 
nuclei treat one and or three particles (hol^s).) Since 
the only forces being considered are two body forces, each 
vertex roust have four line segments attached to it as shown 
in Figure 2. A diagram may be scanned from bottom to top. 

http://ur.it


Figures 

Feynman diagram of a particle or hole in some 
particular shell-model orbital. An undirected 
line segment (c) will generally represent 
either case. 

Feynman diagram depicting a two-tody inter­
action (scattering). Two particles propaga­
ting in the shell-model states, 1 and 2, 
scatter into the states, 3 and 4. 

Fcynman diagram of a one-phonon configuration 
(a) with several of the microscopic config­
urations indicated. The wiggly line (b) will 
generally be employed to indicate a phonon. 
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considering the system as propagating forward in time. 
Thus, the diagram shown ii> Figure 2 represents particles 
in the shell model orbitals "1" and "2"undergoing an inter­
action and emerging in the single particle states "J" and 
"4", which may or may not be the same as the original ones. 

The configurations depicted in a diagram may be deter­
mined Dy drawing a horizontal line, which may be thought 
of as giving an instantaneous picture of the nuclear con­
figuration. Figure 3a depicts the Feynman diagram of a 
single phonon and illustrates some of the possible config­
urations involved when using as basis states the single par­
ticle shell model levels between the "magic numbers", 50 
and 82. Note that the total angular momentum is always J-2 
and that only two particles at a time participate in the 
total configuration. At time t=l the configuration is 
(g_ ., IT/O^T' a n <* a t t^- m e t =3> several interactions later, 
the configuration is (g., ,~ ds/2*2" A s P n o n o n s a c e often 
treated in theoretical models as explicit entities, I shall 
generally depict phonons as wiggly lines as in Figure 3b, 
noting that microscopically they are two-particle configur­
ations coupled to J=2 by the residual ijuadrupole interaction. 

Before discussing the four theoretical models in detail, 
it is important to note exactly which shell model levels are 
qf interest for the odd-mass iodine and silver nuclei, all 
of which are odd-proton nuclei. These are just the shell 
model levels in the unfilled major shells: 50< N< 82 
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(for Ay and I) , 28 <Z < 50 (for Ag) , and 50 <3 <82 (for I) . 
i'he sh^ll model states between 50 and 82 are (in approximate 
order of increasing energy) lg7/2» 2 d5/2' 2 d3/2' 3 8l/2' a n d 

lh,, ,,. The shell model states between 28 and 50 arc 2p3._, 
lf 7 /., 2p,,2, and ig7/2- These then or at least some of 
these, are the basis states For all four theoretical models 
as applied to silver and iodine nuclei. 

The pairing-plus-quadrupole model has already been 
discussed in some detail above. This model considers only 
sinyle quasi-particles and up to two phonon excitations. 
Diagram segments showing the zero, one, and two phonon 
configurations and interactions included in the model are 
presented in Figures lo, 4, and 5. Figure 4, for example, 
depicts a quasi-particle propagating in time, an inter­
action (1) which creates a phonon and may or may not change 
the particle configuration, then an interaction (2) which 
destroys the phonon leaving only the original single particle 
configuration, etc. The diagrams in rigure S may be inter­
preted similarly. All legal diagrams consist of sequences 
of these segments. Note that the requirement of having 
only two-body forces eliminates any diagram where two phonons 
are created or destroyed at a vertex. For Ag and I nuclei, 
the odd quasi-particle is always a quasi-proton in the last 
unfilled major shell. The phonons are calculated micros­
copically for the even-even core using the QEPA, and the 
interaction between quasi-particles and phonons is treated 
microscopically. 
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Figures 

4. Feyiman diagram depicting the configurations 
and interactions involved in treating one-
particle plus one-phonon states. 

5. Feynman diagrams showing the possible config­
urations and interactions when treating two-
phonon states. 

6. Feynman diagrams showing the possible config­
urations and interactions when treating three-
phonon states. The numbers indicate the 
number or phonona present at a particular 
instant in time. 
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The intermediate coupling model as applied by Rustgi 
et al. (68Ru) considers single particles and up to three 
phonon excitations. The diagrams included in i-his model, 
then, are those shown in Figures 1, 4, and 5 as well as the 
set of three-phonon diagrams presented in Figure 6. The line 
segments in this model represent particles (instead of 
quasi-particles) in the proton valence orbitals. The phonons 
are macroscopic phonons as determined from the experimental 
states of the evei.-even core, and the interaction between 
a phonon and a particle is treated nacroscopically as a 
function of V- (6 ,<l> ) . 

These two models, treating one particle or quasi-particle 
plus several phonons, have some degree of success in pre­
dicting the level structures of the odd-mass iodine and 
silver nuclei (e.g.,see Figure 36). One of their major 
failings, however, is thei.: inability to explain the low-
lying second 5/2 state observed in odd-mass iodine nuclei 
and the very low-lying first 7/2 state observed in odd-mass 
silver nuclei. It has been observed that in odd-mass spheri­
cal nuclei in which a large spin (J) shell model level of 
opposite parity is being filleo, there occurs a low-lying 
state of spin J-l. These states have been termed "anomolous 
coupling states", and their position and properties have 
not been explained by pairing-plus-qiadrupole or intermediate 
coupling calculations. Models have been developed which 
explicitly consider three particles (or quasi-particles) 
distributed among the shell model valence orbitals. These 
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models, the 3QP model and the Alaga model, explain the 
anomolous coupling states as having the dominant configura­
tion, (J)j_ r 

The dressed three quasi-particle model of Kuriyama et al. 
treats both one- and three-quasi-particle configurations and 
includes both a pairing and a guadrupole force. The three 
quasi-particles may be either three quasi-protons or one 
quasi-proton plus two quasi-neutronj. Thus, both the proton 
and the neutron shell model valence orbitals are included 
in the configuration space. A great many different diagrams 
are included in this model, all the segments of which are 
presented in Figure 7. In essence, all diagrams are allowed 
which have one or three quasi-particles present and which 
have vertices representing J=0 (pairing) and J=2 (quadrupole) 
interactions. The model also includes backwards amplitudes 
to introduce ground state correlations, however, these are 
not of crucial importance in treating odd-mass nuclei. No 
phonon excitations are explicitly included in the model, 
however, configurations and interactions which are essentially 
quasi-particle pluB phonon in character are treated by the 
inclusion of a large number of shell model orbitals in the 
configuration space. By chaining together the proper segments 
from Figure 7, a diagram may be constructed which is essen­
tially equivalent to the diagram in Figure 4. This is il­
lustrated in Figure 8, in which 8a is essentially equal to 
8b as long as 8a includes sufficient quasi-particle con­
figuration combinations in the pair correlated by the J=2 
residual interaction. 



Figures 

The Peynman diagram segments (showing config­
urations and interactions) which are included 
in the dressed three guasi-particle model 
of Kuriyama et al. (71Ku). (Backwards 
amplitude diagrams have not been included 
here). 

Feynman diagram of a series of microscopic 
J«=2 two-particle interactions with one spec­
tator particle (a) as treated by the dressed 
three quasi-particle model. If enough two-
particle configurations are included, then 
the microscopic picture (a) is approximately 
equivalent to a phonon, shown macroscopically 
in (b). 

The microscopic exchange diagram included in 
the dressed throe quasi-particle model. 
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The treatment of the >T=2 interaction in a three quasi-
particle configuration in a detailed microscopic fashion 
£r.d the inclusion of backwards amplitudes results in the 
3QP model considering a quasi-particle plus phonon diagram 
(Figure 4) as well as a large number of additional diagrams. 
Of particular importance among the new diagrams is the so 
called exchange diagram depicted in Figure 9. This diagram, 
in essence, mixes the odd quasi-particle with the phonon, 
thereby explicitly including the interference of the odd 
quasi-particle and the phonon excitation. Tha pairing-plus-
quadrupole model and the intermediate coupling model do not 
consider this diagram, as they determine the phonon from 
either calculating or observing the even-even core and thus, 
have no way of including the odd quasi-particle in their 
phonon excitation. This, therefore, results in a violation 
of the Pauli principle, because, microscopically, there are 
configurations in their diagrams in which the odd quasi-
particle is also a part of the phonon. 

The inclusion of the exchange diagram (Figure 9) in the 
3QP model precludes any violation of the Pauli principle, 
and the calculation of this diagram has a marked effect, 
particularly when the three quasi-particles are in the same 
shell model orbital. In this case the Racah coefficient 
which arises in the coupling calculation results in the 
energy of the J-l state being greatly reduced relative 
to the other four possible total couplings (J-2, J, j+2, 
J+2). This effect is particularly large for nuclei in which 
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pairs of nucleons in one particular orbital make a large 
contribution to the J=2 phonon state. This is precisely 
the case for nuclei which are filling the large spin opposite 
parity levels between shell closures. In the silver nuclei, 
for example, the lgg/? shell model orbital, which is buing 
filled, provides the principal proton configuration contri­
bution to the 2 phonon, and hence, a low-lying J-l - 7/2 
level is predicted. Thus, the explicit treatment of the 
exchange diagram arising from three quasi-particles inter­
acting via a quadrupole force leads to an understanding of 
the anomolous coupling state. In the odd-mass silver nuclei 

•fl* 3 
the low-lying 7/2 state is sesn as predominantly (^Igio^i/i 
in character. In the iodine nuclei, the second 5/2 + state 

3 
is interpreted as being principally (lg7/,)5/2 i n character. 
The effect in iodine nuclei is not as marked as in silver, 
however, because in the iodine nuclei, proton orbitals 
otner than lg-1/5 make major contributions to the quadrupole 
v.'.bration. 

Like the 3QP model, the Alaga model explicitly considers 
three-proton configurations, and this results in the same 
interpretation of the anomolous coupling states. However, 
the details of the model are very different. The Alaga 
model treats nucleons as particles, and considers only three-
proton configurations using the 2Pi/ 2> 2P3/2' a n c* l g s / 2 ' 
basis states in the case of silver or the 3s,._, 2d,,2> 
2d 5- 2, and IS}/? b a s i s states in the case of iodine. Up 
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to three phonons are explicitly considered, and the inter­
action between a particle and a phonon is treated macros-
copically. Only the pairing interaction is treated micros­
copically by the model, whereas the quadrupole residual inter­
action is effectively included by renormalizing the coupling 
strength between a particle and a phonon. It should be 
noted that in this three particle plus quadrupole vibrator 
model the phonon excitation (nw ) is that of the tin core, 
three proton particles (holes) removed from iodine (silver). 

The diagrams included in the framework of the Alaga 
model depict three particles and up to three phonons. Some 
examples of diagrams considered by the model are shown in 
Figure 10. '"he allowed three particle segments, Figures 10a 
and 10b, are the same as the two in Figures 7b and 7c, with 
the dot representing only a J=0 interaction. The phonon 
segments of the diagrams, Figures 10c and lOd, include all 
those shown in Figures 4,5,and 6 (with the addition of two 
spectator particles) as well as all possible combinations 
in which a phonon is created in an interaction with one 
of the three particles and destroyed in an interaction with 
another. Figures lOe through lOi. 

While no quadrupole residual interaction is explicitly 
included in the model, an effective quadrupole interaction 
between pairs of nucleons is treated by the inclusion of 
interactions such as that shown by the diagram in Figure 11. 
The circled region rr.ay be regarded as a "macroscopic vertex", 
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Figures 

10. Example diagrams included in the Alaga mode. 
All diagrams depict three particles (holes) 
and up to three phonons. 

11. Feynman diagram depicting a J=2 interaction 
in the framework of the Alaga model. The 
circled region may be thought of as a 
"macroscopic" vertex. 

12. The exchange diagram included in the Alaga 
model. This "macroscopic" diagram is topologi­
cal^ equivalent to the exchange diagram in 
Figure 9. 
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with the two particles correlated by a macroscopic J=2 
interaction. The phonon "exchange" between particles may 
be thought of as analogous with the pion exchange between 
nucleons in the bare nucleon-nucleon interaction. (In the 
diagrams I have been presenting, the details of the pion 
exchange are "hidden" in the black vertices.) In the de­
tailed calculation, the particle-phonon coupling strength 
is renormalized to effectively reproduce the quadrupole 
contribution to the residual interaction. The configura­
tion in Figure 11, then, is effectively a particle-plus-
phonon configuration. This fact leads directly to the 
important exchange diagram included in this model, the 
calculation of which leads to the anomolous coupling states. 
This diagram is pictured in Figure 12. It is the macros­
copic equivalent of the exchange diagram in Figure 9, which 
may be seen if one were to take the diagram in Figure 12, 
blacken the circles, and then twist the diagram by 180° at 
each of the "macroscopic vertices" indicated by arrows. 
(Mota bene: The size or shape of a Feyrjman diagram has no 
significance; rather, the important property of a Feynman 
diagram is its topology, i.e., the way in which the various 
lines are connected together. If one can form a new diagram 
by twisting it 180° out of the page at a vertex, then the 
new diagram is identical to the old diagram,) 

In summary, the four principal theoretical models all 
explain many features of the odd-mass iodine and silver 
level schemes. The three-particle theories represent a step 
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taken to correct for the Pauli principle violation inherent 
in the single-particle theories. As a result of this cor­
rection, they are able to explain the experimentally observed 
anomoloue coupling states. The dressed three quasi-particle 
model of Kuriyama et al. is perhaps to be preferred over the 
Alaga model as it considers quasi-particles, performs a 
consistently microscopic calculation, and has a large single 
particle configuration space and can thus, in principle, 
calculate levels having configurations which cannot be con-
sidered by the Alaga model (e.g., irv states and single 
quasi-particle states in the odd-mass silver and iodine 
nuclei*. It should be noted, however, that the 3QP model 
cannot treat two-phonon or three-phonon excitations, as 
these would require the explicit treatment of five quasi-
particles and seven quasi-particles, respectively. At 
present these models have calculated only states having 
configurations involving proton(s) and proton(s) plus phonon(s) 
and these calculations have been limited to states having 
relatively low excitation energies and spin values. 

This study of the levels of I and Ag as observed 
in radioactive decay was initiated in order to provide 
nuclear structure data with which to test the theoretical 
models being applied to the odd-mass iodine and silver 
nuclei. The large B-decay Q-values involved allow the 
population of excited states which thus far have not Usen 
calculated by the models. Thus, this investigation was 
also undertaken in order that the results might provide a 
guide for future development of the theoretical models. 



II. APPARATUS AND TECHNIQUES 

A. Detectors. 
During the course of this investigation, lithium-

drifted qermanium, Ge(Li), semiconductor detectors were 
employed in Y-ray spectroscopic studies which included 
direct Y-ray singles spectroscopy, Compton anti-coinci­
dence y-ray spectroscopy, and two-parameter Y-Y coinci­
dence spectroscopy. A Jarge number of different detec­
tors were used, all of which were available from com­
mercial suppliers. The Ge(Li) crystals were mounted 
in vacuum-sealed cryostats and cooled to liquid nitro­
gen temperature with a copper dipstick. Required high 
voltage bias for the crystals ranged from 1000 to 4000 
volts of a specific polarity. X-rays and low energy 
r-rays (typically <J20P keV) were observed with small 
volume planar Ge(Li) x-ray detectors. These detectors 

3 typically had an active volume of -0.5 cm , a thin 
beryllium window, and a full width at half maximum 
(FWliM) resolution of -0.5 keV for the 59.5-keV y-ray 

241 
of Am. Higher energy Y-rays i >100 keV) were ob­
served with a wide variety of larger volume Ge(Li) 
detectors of both the true coaxial crystal and the 
closed-end crystal typos. These detectors ranged in 
size from 7 cm 3 to B0 cm3 and in FWHM from 1.8 keV to 
2.8 keV for the 1332-keV Y-ray of 60Co . They had 
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rated efficiencies reLative to a 3" by 3" Na I IT!) 

deter tor ranging from ~1% to -16* for the 1332-koV 
Co Y-ray counted at a source-detoctor distance of 

25 cm. 

B. Gamma-Ray Singles Spectroscopy. 
In direct Y-ray singles spectroscopy, pulses from 

the Ge(Li) crystals were initially amplified by inte­
grally mounted low-noise field-effect transistor (FET) 
preamplifiers. Preamplifier output pulses were shaped 
and amplified by commercially available linear pulse 
amplifiers including the CANBERRA 1413 (Canberra In­
dustries) and the ORTEC 450 and 452 (Ortec, Inc.) 
amplifiers. The analog pulses from these amplifiers 
were analyzed by either a 4096- or 8192-channel analog-
to-digital converter (ADC), which converted the analog 
signal (0-10 volts) linearly to a digital address 
(0-4095 or 0-8191) and then added one to that address 
in a 4096- or 8192-word computer memory. At the end 
of a count, then, the direct >-ray singles spectrum 
was stored in the computer memory and displayed on an 
oscilliscope. The output modes available to any one 
memory were digital printer, teletype, x-y analog 
plotter, and computer-compatible magnetic tape deck. 

Gamma-ray singles spectra were also observed in a 
Compton anti-coincidence mode using a Compton-suppres-
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sion spectrometer. This system has been described in 
detail elsewhere (G9Ca) . A 7 cm planar Ge(Li) detec­
tor (FWJJM of 2.0 keV at 1332 keV) was mounted in a 
.\'aI(Tl) anti-Compton annulus consisting of two 9" by 13" 
Nal'Tl) i-rystals. Most Compton-scattered Y-rays 
escaping from the Ge{Li) crystal were observed in the 
Nal'Tl) crystals. Amplified pulses from the associated 
photomultiplior tubes were appropriately timed and 
delayed to provide an anti-coincidence gate pulse ior 
the ADC. in this manner, then, the observation of 
Compton ::\v.< • in "-hi. central iSe(Li) delejtor was 
greatly "-educed. The peak-co-i.iinimum continuum value 
for this system was measured to be 640 to 1 for the 
662-keV Y-ray of Cs, This corresponds to a Compton-
suppression factor of -12 or a removal of 92% of the 
Compton events. The resulting increase in the signal-
to-background ratio allowed the observation of numerous 
weak Y-ray transitions which could not be observed in 
direct singles spectra. 

C, Two-Parameter Y-Y Coincidence Spectroscopy. 

Two different two-parameter analysis systems were 
used in this study. At the Lawrence Livermore Labora­
tory (LLL) Y-Y coincidence data were accumulated using 
two large volume (~50-60 cm ) Ge(Li) detectors in 
close proximity. Both detectors were of the true 
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coaxial type as this detector design results in the 
shortest and least varying pulse rise time and hence 
is best for fast-timing applications. Radiation sources 
were placed .5 en away from the detector faces such 
that an angle of 90° was formed by the positions of 
the source and the Ge(Li) crystals. A Pb absorber 
was placed between the detectors to reduce "detector 
cross-talk" which results from the observation of 
photons which were Compton scattered from one detec­
tor to the other. The electronic apparatus for this 
system is shown in Figures 13, 14, and 15. 

As shown in Figure 13, the pulses from the Ge(l.i) 
crystals were first amplified by FET preamplifiers, 
the outputs of which s.'ere split for simultaneous 
energy and timing resolution. The energy pulses were 
amplified by ORTEC 450 amplifiers and shaped so as to 
optimize energy resolution. The amplifier output 
signal from one detector was sent to i TENNELEC TC 
592P Digital Rate Meter (Tennelec, Inc.) to allow con­
tinuous monitoring of the singles count rate in the 
detector. The output signals from both amplifiers 
were then routed through CANBERRA 1464 Ease Line 
Restorer/Pile-up Rejectors to optimize the energy 
resolution at high count rate. The Restorer/Rejectors 
and the CANBERRA 1457 Delay Amplifiers delayed the 
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energy signals relative to the timing signals in order 
to meet the timing criteria of the TENNELEC TC 621 
Stretcher Multiplexers as those units required the 
logical gate pulses to precede the linear energy 
pulses. With a logical gate pulse present, the Stret­
cher Multiplexors held the energy signals for analysis 
by the two-parameter analysis system (shown in Figure 
14>-

The timing pulses from the preamplifiers were sent 
to the ORTEC 454 Timing Filter Amplifiers which appro­
priately shaped and amplified them for analysis by the 
ORTEC 463 Constant Fraction Timing Discriminators. 
The ORTKC 4G3 timing modules operate on the "amplitude 
rise-time-compensation" timing technique (ARC timing) 
which, as its name implies, compensates for the timing 
"walk" which is the result of variations in preampli­
fier pulse height and rise time. This technique is 
more precise than leading-edge or zero-crossover tim-
inq. The fas»t timing logic signals from the ORTEC 463 
units were sent to a LeCRQY 108H Time-to-Amplitude 
Converter (TAC) (LeCroy Research Systems, Inc.) with 
one signal being a "start" pulse and the other being a 
"stop" pulse. Tho "stop" pulse was delayed for -.30-60 
nsec by one or nore CANBERRA 1458 Delay Units in order 
to insure that it arrived at the TAC after the "start" 
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pulse. The TAC produced output pulses proportional to 
the time difference between the "start" and "stop" 
pulses. The TAC output pulses were then analyzed by 
a CANBERRA 1431 Single Channel Analyzer (SCA) which 
was set to give an output pulse only for an input pulse 
which was a prompt Y-Y coincidence (- '15 nsec from 
the prompt coincidence in Co decay). Each logic 
pulse output from the SCA, then, represented a Y-Y 
coincidence and was sent to the TENNELEC TC 520 Multi­
plex Control to provide a logical gate pulse for the 
stretcher multiplexers and the two-parameter analysis 
system. The SCA pulses were also sent to a CANBERRA 
1774 Dual Scaler which kept track of total coincidence 
events and to a CANNDERRA 1776 Dual Counter/Timer 
which continuously monitored the coincidence rate. 

With gate pulses present the coincident events 
held in the stretcher multiplexers were subjected to 
a two-paramotor analysis by the system shown in Figure 
14. The TENNEtEC TC 501 Anc processed first the "start" 
side enerqy signal and then the "stop" side signal, 
converting the Q-lu volt analog signals linearly to 
digital addresses, 0 to 8191, These pairs of numbers 
were stored in the PDP 11/05 Computer (Digital Equip­
ment Corp., Inc.), and when 186 pairs had been accum­
ulated they were recorded on computer compatible mag-
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Figures 

13. Block diagram of the Lawrence Livermore 
laboratory Ge(Li)-Re(Li) coincidence system 
employing the "singla--hannel time window" 
mc&hod and ARC timing. 

14. Block diagram of the two-parameter analysis 
system used in conjunction with the Lawrence 
Livermorc Laboratory GeCLi)-Ge(Li) coinci­
dence system. 

lb. Block diagram of the electronics system 
used to set the "single-channel time window" 
on the Lawrence Liverinore Laboratory Ge(Li)-
Ge<Li) coincidence system. 
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ni't ic tupr?. oner 2400-ft magnetic tape recorded approx­
imately 1 8 x 10 J coincidence events. This tape could 
Ix* "pl.iyd bad:" into the PDP 11/05 Computer or taken 
to t hi' I.I.I. CDC 7600 Computer System for analysis. 
Uuritw operation, communication between the operator 
.iiui (in computer was performed via a teletype terminal. 
Computet programs were read in from either punched 
piper I .ipi. or magnetic tape cassettes. As well as 
ti'coi ding all coincidence pairs on magnetic tape, the 
computer also stored the any-coincidence spectra from 
each oi the detectors and displayed them on an osci.'.-
]iscope display in various formats as determined by the 
TKNNKCOMP HYCCUPS-M Interface (Tennecomp Systems, 
inc.) under the control of the operator. 

The timing "window" used to determine Y-> coinci­
dence:; was ,et on the SCA by using the electronics 
system shown in Figure 15. From the detectors to the 
TAC this system was the same as the timing portion 
of the system shown in Figure 13. The TAC output was 
then split with one signal gointj to the SCA as before 
and the other being routed through two ORTEC 4 37 Delay 
Amplifiers with the delay set so that the SCA logic 
output signal and the delayed TAC signal occurred 
simultaneously. The delayed TAC output was then sent 
to the linear input of an ORTEC 442 linear Gate and 
Stretcher and the SCA logic output was used as a gating 
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signal. In an ungated mode the linear gate output, 
when analyzed by an ADC, resulted in a time spectrum 
showing a charp prompt coincidence peak on a plateau 
background of random coincidences. By operating the 
linear gate in a gated mode, the SCA was set to accept 
only TAC puises in the prompt coincidence peak. 

The Go(Li) detectors used with this Y-Y coinci­
dence system had optimum FWHM energy resolutions of 2.3 
and 2.5 keV at 1332 keV. However, because of a wide 
variety of factors, including high count rate, poor 
gain stabilization due to poorly stabilized room tem­
perature, and the required use of the CANBERRA 3 417 
Delay Amplifier in the energy analysis portion of the 
system, the effective energy resolutions over a long 
experiment ( >12 hours,1 were 3,0 and 3.3 keV. The 
singles count rate was held between 9000 and 14,000 
counts/sec at which rate the coincidence rate (for 
105 

Cd) was -2200-2700 coincidences/min. Under these 
conditions the prompt Y-Y coincidence peak in the time 
spectrum had a FWHM time resolution of -15 nsec and 
a full width at tenth maximum (FW.IM) of -35 nsec. 
The SCA timing gate was sot at the FW.IM limits result­
ing in a roal-to-random coincidence ratio of -15 to 
one. The energy range which could be observ-d under 
these conditions was approximately 150 to 3000 keV. 

The second two-parameter Y~Y coincidence system 
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used in this investigation was located at the Univer­
sity of Maryland (UM) and was quite similar in prin­
ciple to the one just described. A detailed descrip­
tion of the exact system has been presented elsewhere 
(71Apl) with the exception that a 26 cm Ge(Li) 
detector has been replaced with one of larger volume. 
The detectors used with this system were true coaxial 
Ge(Li) detectors with active volumes of 55 cm and 
65 cm , both having a FWHM energy resolution of 2.1 
kcV for the 1332-keV Co y-ray, The timing criteria 
between the energy signals and the gating signals were 
truch less stringant with this system, hence this system 
did not require either the restorer/rejectors or the 
delay amplifiers. This fact, along with the location 
of Lhc system in a thermally stabilized room, resulted 
in no appreciable deterioration in detector energy 
resolution under experimental conditions. The use of 
ORTEC 453 Constant Fraction Timing Discriminators 
instead of ORTEC 463 modules resulted in an energy 
acceptance range of approximately 50 kev to 3000 keV 
and a timing resolution of ~11 nsec FWHM and ~23 nsec 
FW.1M. With the SCA timing gate set. at the FW.1M 
limits, a singles count rate of -10,000 counts/sec. 
and a coincidence rate (for T e m g ) of -2600 coin-
cidences/min., the real-to-random coincidence ratio 
was measured to be ~27 to one. 
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D. Analysis of Data 

The large amounts of data acquired in i-ray spec­
troscopic studies virtually necessitate some form of 
computerized data analysis. In this investigation, 
a typical Y-ray singles spectrum had 150-300 y-ray 
peaks in it, many of which were close multiplets. 
Hence, the Y-ray singles spectra and the Compton-sup-
pressed spectra were analyzed on the LLL CDC 7600 
computer systems using the LLL spectrum analysis com­
puter code, "GAMANAL," which has been described in 
detail elsewhere (71Gu) . This code processes the 
raw spectral data, finding Y-ray peaks, fitting them 
to a skewed-Gaussian function, and integrating them. 
In determining Y-ray energies and intensities it takes 
into consideration a large variety of possible exper­
imental configurations (e.g., source-detector geometry, 
source self-absorption, any absorbers present, detec­
tor dead-time etc.) and a variety of detector-analyzer 
characteristics which have been previously determined 
{e.g.. ADC non-linearity, detector efficiency as a 
function of energy, Ge(Li) crystal configurations, 
etc.), Its output includes a listing of Y-rays ob­
served which gives energies, energy uncertainties, 
absolute Y-ray intensities in photons/min, intensity 
uncertainties, and a measure of the quality of the 
peak fit, and may include, at the user's option, a 
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wide variety of spectrum plots ranging from labeled 
plots of the entire spectrum to detailed plots of the 
fitting of each peak. Some singles spectra taken at 
UM wore analyzed on the UM UNIVAC 1108 computer system 
using computer codes developed at UM (7 Go , 73V1 ) 
or written by myself (see Appendix I). 

A typical two-parameter y-y coincidence experiment 
involved the acquisition of several millions of address 
pairs (coincidence events). Analysis of this data 
entailed the determination of the r-ray spectra in 
one detector (e.g., the "stop" detector, labeled "V") 
which were coincident with specific energy regions 
(gates or slices) in the other detector (e.g., the 
"start" detector, labeled "X"). The y-y coincidence 
data taken with the UM two-parameter coincidence 
system were processed on the UM UNIVAC 1108 computer 
system, employing computer codes which 1 developed. 
The principles of these programs and the mechanics of 
their use are described in Appendix I, Section B. 
Similar computer codes were developed by Dr. J. T. 
tarsen (75La2) to process data from the LLL two-
parameter coincidence system using the LLL CDC 7600 
computer systems. 

Gamma-ray energies were determined by obtaining 
spectra simultaneously from samples and known Y-ray 
standards on one or more of the detector-analyzer 
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systems. A high-order polynomial energy calibration 
curve was fit by the method of least-squares to the 
energy versus peak centroid data by using either 
"GAMANAL" (71Gu) or "CAUB4"(see Appendix I). Ener­
gies of low-intensity Y-rays were determined from 
long counts in which the previously determined ener­
gies of strong Y-rays were used as internal standard 
energies. Quoted uncertainties in energies are state­
ments of the standard deviation and include the un­
certainty in the system non-linearity which was deter­
mined from the energy calibration curve. The Y-ray 
energy standards used included Na, Na, Co, Co, 
6 0CO, U % m , 1 1 3Sn, 1 2 5Sb. 1 3 3Ba, 1 3 7 C s , 1 8 2Ta, 
1 9 2lr, 2 0 3Hg, 2 0 7 B i , 2 2 8Th, and 2 4 1Am. The precision 
energy values of Tirsell and Multauf (72Ti), Greenwood 
et al. (70Gr, 71He), and Meyer (74Me2) were used. 

Relative and absolute Y-ray intensities were de­
termined by "GAMANAL" by correcting peak areas for 
source-detector geometry, sample self-absorption, 
detector characteristics (e^., the thickness of the 
"dead" region on the Ge(Li) crystal surface), and the 
relative photopeak efficiency of the Ge(Li) detector. 
The determination of the relative efficiency curves 
for Ge(t.i) detectors has been described in detail 
elsewhere (e.g., 71Gu , 7lApl , 69Zo ). It involves 
the analysis of spectra from Y-ray standards of known 
absolute intensity as well as from radioactive species 



49 

emitting many y-tays with well-known intensity ratios. 
Quoted uncertainties in intensity values are one stan­
dard deviation as determined from the peak fit and 
integration. To obtain uncertainties in absolute in­
tensities an uncertainty of 2%, representing the un­
certainty in the detector relative efficiency curves, 
must be added in quadrature. 



111. DECAY SCHEMES OP 30-hr 1 3 1 T e m AND 
25-min 1 3 1 T e 9 

A. Introduction. 
The iodine nuclei, with three protons beyond the closed 

shell at Z=50 and neutron number approaching the closed 
shell at N=82, offer the opportunity to examine the struc­
ture of nuclei with limited seniority. There has been 
much recent experimental work on the level structures of 
127 129 

I and I. This has included the study of the decay of 
l 2 7 T o m + g (70Apl, 71Apl), the study of the decay of 1 2 9

T e
r a + q 

(72Wa, 74Mal), t..e study of v-ray angular correlations in 
i Z 9 I (74DO), the study of the "«." 8To (3.1O, d) «'."»! 
reactions (68Au), and the study of the Coulomb excitation 
of "'l and I (73RR). In addition there have been 
several recent theoretical studies which have dealt with 
single particle plus phonon (68Ru), three quasi-particlo 
plus phonon (73A1, 73Pa, 74Ci, 74Va), and dresaed three 
quasi-particle <71Ku, 72Ku, 74Kul, 74Ku2, 7<IKu3, 74Ku4, 
74Ma3) states near the Z=50 closed shell. The decays of 
131Tom a n ( J J-31Teg t Q l e v e ^ a j n

 l 3 l i a r c 0f particular 
interest because of the increased Q„ values (relative to 
127 129 

Te and Te) which allow the observation of levels 
at higher exgitation energies. A knowledge of the levels 
of l 3 l l allows the extension of the systematica of the 
level structures of the odd-mass neutron excess iodine 
isotopes. The systematica of the energy levels and their 

5Q 
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electromagnetic decay properties provide both a valuable 
cheek of the t-heoretical work as well as a guide to further 
theoretical development. 

The structure and properties of the high spin <J > 7/2) 
excited states of I observed in the decay of 30-hr 
11/2" mTo r avere first studied by Hobb <55He) and by 
Radoscu e_t al. (59Ba, 61Ba). More recent studies, employ­
ing Go(Li) detectors and Ge(Li)- NallTl) coincidence spec­
trometers, wore performed by Devare, f'ingru, and Devare 
(65Do) ond by Beyer, Berzins, and Kelly (67Bel). The 
multipolarities of several of the transitions were estab­
lished by studies of the internal conversion electron 
spectrum associated with the decay of Te m (6SDe, 67Be2). 

131 
Two isomeric states have been observed an I, one at 
149.7 kcV and the other at 1797 keV, with half-lives of 
0.75- nscc <7lMal) and 6.0- nsec (65De, 70Ap2), respec­
tively. In addition, the g-factors of these two states 
were measured and found to be +1.11 and -0.16, respectively 
(67Ta), The resulting decay scheme for Te m, howcer, 
contained raanv ambiquities as to spin and parity assign-

131 
ments of the J levels. To a large extent, these am­
biguities resulted from the use of small volume, low re­
solution Ge(Li) detectors and the use of a Nal(Tl) 
detector in the y-y coincidence measurements. 

For the purpose of elucidating the high-spin level 
structure of I, I investigated the decay of 30-hr 
11/2" iTem, making extensive use of large volume, high 
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resolution Ge(Li) detectors for both Y-ray singles and Y-Y 
coincidence measurements. 1 have been able to identify 
190 i-rays associated with the decay of 30-hr Te m and 
have placed 174 of these in a I level scheme. The 
study was complicated by the observation of numerous im­
portant v-ray multiplots, many of which wore resolvable 
only through the use of the Ge(Li)-Ge(Li) Y-Y coincidence 
data; and by the interferences from the decays of 25-min 
l 3 1 T e 9 and 8.0-day 1 3 1 I . 

The structure of tho low-spin (<5/2) excited states 
of I soon in tho decay of 25-min 3/2 + Te g was first 
studied using low-resolution Nal (Tl) detectors <55Ma, 
<51Fo, 63Do, C7AIO, however these studies provided incon­
sistent data. More recently, this decay has been studied 
in detail, using Ge(Li) detectors and a Go(Li)-Go(Li) 
coincidence spectrometer, by Halters, Bemis, and Gordon 
(65Wa) and by Macias and Halters <71M;U). In addition, 
the I level structure has been studied, using the 
< He,d) reaction on Te, by Auble, Ball, -.nd Fulraer 
(68AuK I performed an independent invosti ( >tion ot the 
decay of 25-min Te g to aid in the assignment of weak 
Y-raya and to reduce the uncertainties in the measured 
8™, Y", and isomeric-transition (IT) branches of the 
isomeric decay. I have been able to identify 80 Y-rays 

associated with the decay of 25-min Te g and have placed 
131 

77 of these in a level scheme for I. 
The total resultant I level scheme consists of 52 
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excited states below 2333 keV. Of these, 38 were observed 
in the decay of 30-hr 11/2*" 1 3 1Tt 
the decay of 2S-min 5/2 + 1 3 1 T e 9 . 
in the decay of 30-hr 11/2*" Te m, and 19 were observed in 

B. Experimental Procedure and Results. 
1. Source Preparation. 
The samples of 1 3 1 T e m were produced by irradiating 

10-50 mg of tellurium metal enriched to 99.5* Te {pur­
chased from Isotopes Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee) for several hours in either the Law­
rence Livermoro Laboratory (LLL) pool-type reactor or the 
National Bureau of Standards (NBS) reactor at thermal 

13 —2 —1 
neutron fluxes of 0.5 - S.O x 10 neutrons - cm - sec . 
The sources were allowed to decay for several hours until 
the 25-min " T e 9 wns ir. transient equilibrium with the 
30-hr Te"1, At that point the principal activities 
present were -1-2 mci of 1 3 1Te 1 1 ,

I -0.2 - 0.4 mci of l 3 i T e 9 

131 
and -15-30 mci of 8.0-day I. A chemical separation was 
performed to renove this large amount of I activity. 

The fqjlowing chemical procedure was developed to 131 insure that the I activity was retained in solution and 
not released to the atmosphere. The irradiated Te metal 
sample, in powder form, was placed in a flask along with 
8,5 »» of 6 M NaOH and 0.5 mX of a KI solution equivalent 
to 0,5 mg of iodine. Then, 2 me of fresh 30* HJQJ was 
slowly added while gently agitating the flask. When the 
sample was completely dissolved (-,10 min) • the solution 



was chilled in an ice water bath and 6-8 drops of cone. 
I.NO, were added to form I,. The contents of the flask 
were then transferred to a sepfr^frory funnel and extracted 
with three 5-7 ml portions of cold CC1., each time discard­
ing the CC1 4 fraction (whirh contains the I activity) 
in the liquid radioactive waste. The water fraction was 
then transferred to a flask along with -1-2 mi of ll20 
used to rinse the separatory funnel. Approximately 2 m& 
of cone, formic acid (88* HCOOH) wis then added, and t). 
flask was heated in a boiling water bath until the NOj 
was completely destroyca (-5-8 minutes). At this time 
the solution was made basic ( pH - 13-14) with 6M NaOH, 
and S0 2 was bubbled through the solution to precipitate 
the tellurium as the metal. The black metallic Te pre­
cipitate was then filtered out and mounted en a sample card 
for counting or redissolved to repeat the chemical separa­
tion. One separation was usually sufficient to remove 
nearly all of the 1 3 1 I . The degree of purification was 
somewhat difficult to determine as two of the principal 
1 3 1 I v-rays (80.1B3- and 364.480-keV) are doubleted with 
1 3 iTe n' Y-rays 181,14- and 364.98-keV), however at the 
end of one typical separation step the 364-keV doublet 
was approximately one-fifteenth as intense as the principal 
131Tera transition (773.67-keV», (See Appendix H . t-art C ] 
The chemical yield of Te, as determined gravimetrically, 
was -85-92% per purification cycle. 
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The sourceb of Te" were produced by neutron irradia-
1 ""P tion of To in the LLL pool-type reactor. Large samples 

( >S0 mg) and short irradiation times (30 sec.) were em­
ployed to minimize the production of " l T e B and I. No 
chemical separations were performed, and counting began 
-5 in in. after irradiation. Each sample was replaced with 
a fresh sample every 25 min., and a total of nineteen 
25-.nin counts were summed to achieve good statistics. 

2. Gamma-Hay Singles Spectroscopy. 
Direct K-ray spectra of 30-hr Te m samples were 

taken using a largo variety of detector-pulse-height ana­
lyzer systems at LL.L and at UM. These systems included a 
0,0 cm Go(Li) x-ray detector with FWHM energy resolution 
of 480 uV at 60 keV as well as a large number of Ge(Li) 

3 3 
detectors ranging in size from 7 cm to 65 cm and in 
FWHM from 1.9 keV to 2.4 koV for the 1332-keV 6 0Co v-ray. 
In addition, extensive use was made of the LLL compton 
Suppression Spectrometer (69Ca). Spectra were taken 
through various absorbers, including 1/2" of Al, 1/2" of 
pb, 4." ai Pi>, 1/2" of Cd, and several combinations of these. 
w. irco to detector distances ranged from <1 cm to ~50 cm. 

The absorber and distance variations allowed the deter­
mination of summing contributions to the spectra. Sum 
peaks, being the result of simultaneous observation of 
intense coincident pairs of •yrays, tended to vanish at 
smaller solid-angle counting configurations. Also, since 
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they were higher energy peaks resulting from two lower 
energy Y-rays, their intensities decreased with increasing 
absorber thicknesB at approximately the same rate as the 
intensities of the lower energy Y-rays. spectra were taken 
over a period of -5 half-lives ("150 hours), and counting 
times ranged from -1 hr to -62 hr. In all, over 40 differ­
ent spectra were taken of the Te m sources. 

Tho Y-ray spectrum of an equilibrium source of 1 3 1 T e m 9 

3 
observed with the 7 cm Ge(Li) detector in the compton 
Suppression Spectrometer is shown in Figures 16 through 20 
with insets from large volume Ge(Li) detectors to clarify 

certain features and show the high energy portion of the 
spectrum, A portion of the low-energy spectrum of Te m g 

3 observed with the 0.6 cm Ge(Li) detector 1.1 shown in 

Figures 21 and 22. From all spectra, a total of 260 peaks 
were observed, including single-escape (EE), double-
escape <DE), x-ray escape, x-ray, and sum (SUM) peaks. 
Fifteen additional transitions were established on the 
basis of coincidence information, and their intensities 
were calculated from coincidence spectra. 

The 275 peaks are tabulated in Table I. 190 Y-rays 
were attributed to tha decay of 30-hr 1 3 l T e m , although 16 
of these were no* placed in the decay scheme. A majority 
of the remaining Y-rays were assigned to either i- u're g 

decay (based on the present work and the work of Macias 
131 and Walters <71Ka;} ) or to I decay (based on the work 



Figures 

Compton supressed Y~ray spectrum (CSS) of 
1 3 1Te m*' 9 between 0 and 400 keV. 

Compton supressed y-ray spectrum of 1 3 1Te I I H' 9 

between 400 and BOO keV. 

Compton supresoed Y-ray spectrum of 1 3 1 T e m + 9 
between 800 and 1200 keV. 

Compton supressed y-ray spectrum of 1 3 1 i e m + 9 

between 1200 and 1600 keV. 

Compton supressed Y-ray spectrum of Te m 9 

between 1600 and 2000 keV and y-ray spectrum 3 
xrom 19 cm detector (M) between 1600 and 
2400 keV, 
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Figures 

21. Y"Cay spectrum ef 1 3 1 x e
m + 3 between 9 and 100 

keV obierved with the 0.6 cm x-ray detector. 

22. T-«y spectrum of 1 3 1 T e m + 9 between 100 and 
19S keV observed with the 0.6 cm x-ray 
detector. 
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Gatffia Eayj Observed i s the Decay ..f 30-hr l l / 2 - 1 3 i r e c . 

Energy 3 In tens i ty ' *.) >te Transi t ion Coincident Garia Hay:; in 1 3 1 T e " 1 Decay 
(key) (fr^ai/ to ) ..r I d e n t i f I c a f n n d 

16.2 (1) Ge x-ray escape peak 

1 7 0 M Ge x-ray escape peak 

17.6 (1) Ge x-ray escape peak-

18,4 a; Ge x-ray escape peak 

18. T (1) Ge x-ray escape peak 

19.6 ( i ) Ge x-ray escape peak 

19.9 a) Ge x-ray escape peak 

.21.1 a) Ge x-ray escape peak 

21.8 (1) Ge x-ray escape peak 

22.4 a) Ge x-ray escape peak 

23.1 a) Ge x-ray escape peak 

2 J . 7 a) G* x-ray escape peak 

24.J Ci) Ge x-rr^y escape peak 



Energy' Inten:;jtjr 
(keV) 

27-2 a) 
27-5 a) 
28.3 a) 
28.6 ( i ) 

T9.5 ( i ) 

29-8 a) 
31.0 a) 
31.7 ( i ) 

52.3 a) 
33.0 ( i ) 

33-6 a) 
34,4 a) 
35-55 (8) 

36-83 (3) 0.31 (4) 

5 J. 00 (5) 0.16 (4) 

Trsn- i t i n' C -ier.t Gsnrj Bays :n 1 3 1 T c * De-rsy 
( f r V t ) ,r .dr-sitifi - 3 t I nG 

(1924/1887) 

(1697/1646) 

Tc x-ray 

Tc x-ray 

I x-ray 

I x-ray 

Xe x-ray 

Xe x-ray 

Tc x-ray 

Te x-ray 

1 x-ray 

I X-

Xe x-ray 

Xe x-ray 
I 2 S T e m 



i,'.'!CTr,

ir-J ]HU'!l.-:Hy' J ' 71 Is-

(KeV) 

5-^59 (6) 0 ,14 (0 
5 4 . 1 (1) O.Oj U>> 
55.8 (1) o.or (3) 

57-50 (T) 

60.84 (7) 0 .15 ( ;<) 
62.58 (2) 0 .34 (6) 

65.2 (') 0 . 1 1 ( 4 ) 

65.05 (») 0 .21 (5) 

66,95 (5) 0 . 6 (1) 

68.8 (1) 

70. J U) 
7 1 - 2 (1) 

7 2 . 8 C) 
75.32 (5) G.64 (J) 
75-0 (1) 

3r-«i; . :Jt i .n''' C . : o ' ' l l ! « ! t C « 2 B i j : ir, X 3 1 T ' C D-?--^y 

ii-r ::./ -L- ) r IdtntSfi-iitUc a 

U,t plra-i-d 

105 V1005 

ii t pi-jer-d 

r;. t a i 2 - = d 

(2C&5/2001) 

K t pl&„- :d 

( 2 0 0 1 / 1 1 7 6 ; 

' : >t p l a c e d 

Au jc-r»y 

fie x - r a y e s c a s t p t a i 1 

rMn x - r a y t-s • >n(- p-iV: 

Pb x-r-iy 

( ?~ . i / "> i . " 



73.51 M 

79-19 (5) 
80.18 (2) 

31.14 (2) 

* . 9 (1) 

A6J<J CM 

37.3 (1) 

92.2 (I) 

95.00 (1?) 

96.i. (2) 

98.5 (1) 

100.0 (1) 

101.6 (3) 

0.-0 (B) 

3.3 0) 

1O0 (P) 

5-« 0) 

O.LO (5) 
0.15 (0) 
o.yj (8) 

1.9 (1) 
J..1. (J,) 

,.. - / 7 
- > I , • 

-"OJ3/I931 l.'-t, 35' 
l M 1 I •??.<.) 

1980/1699 10?, i ' - 9 . : , v - i , : i« , 13:.', ::oo, J V , - r 3 , 
3''i2, TW, 7T3, '..-'3, 793, " ' " , . * j , :o?5, 
1125, I w o 

Fb x-r-jy 

2C11/1921* l'<9.1, 27B, 773, 1150 

Fb x-ray 

Ge x-ray escape peak 

IJjt placed 

UJI placed 

161*6/15 Vf 

1980/1880 

200l/lfi99 102 



Energy In tens i ty 

(Vc-V) 

102.06 (1) 205 ( 4 ) 

103.3 (3) 1.2 (2 ) 

105.0 (2) 0 . 7 (U 
109.4 (2) 1-3 ft) T, 125a 

0 . 4 (1) G 

0 . 9 is) H, 1251 
0 . 2 ft) MP 

111,9 is) 0 . 8 (2) 

113.5 (1) 0 . 3 (1) 

123.7 (5) 0.10 (5) e 
125.2 (3) 0.22 (8) e 
126.1 (3) 0.15 (8 ) 

127.4 (4) 0 . 6 (2) 

130.5 (1) 1 .8 (2) D 

132-2 (1) 0.12 (8) Q 

IABLE I ( cen t . ) 

Trancit i^n Coincident Garjrn Rays in 1 3 1 7 e " Decay 
(fron/ to > or Iden t i f i ca t ion 

1&39/1797 

(2114/2011) 
{2168/2063) 

602/492 
£011/1899 
2011/1887 

1887/1761 

(1924/1797) 

81, 101, 111, -'69-7, 151. 200, 24o, T44, 
773, 782, 793, 822, 852, 1023 

131 T e « I 3 » x e " 1 5 s T e r ' 
1 3 1 T e * 1602A9?] 
i 3 j « f c m JH5ir.fc!ri 

492 

102, 34^ 

Hot placed 

riot placed 

IJ-l placid 

Tl t placed 



sncrny 
(fcv) 

In tens i ty 

154.86 (?) 18.3 (6j 

157.6 (2; f. (1) 

159.8 (1) 

1U9.3 (3) 2 .0 (5) GG 

149-71 (1) 533 (5) T 
402 (12) G 
131 (17) M 
125 (6) MF 

A3JV'.' I (cc-n-*. ' 

Trans i t ; .V 
(f r a / '.. ) 

1931/1797 

1899A761 

1(97/1547 

149/ GS 

151.? (2) 3.0 CO T 
1.0 CO G 
2.0 (8) MD !797/l646 

J55.9 (2) 1.0 CO (2270/2n4) 

V,9.tC CO 3.3 CO J23r, 21TOA 3) 1 

C inc iden t Garros Ray.- I p. ' 3 ' T . ~ D(..-iy 
. r Id^n t l f l e a t ; r.L' 

79, 132, 200, 24o, 744, 773, 732, 322, 352 

Ge x-ray escape peak 

283, 773, 7 ft 

131ij.ci; 131 T e O 

i s i j eS "149/ GS] 

81 , 86, 102, 151, 169, 200, 253, 255, 273, 
309, 334, 342, 351, 354, 364, 452, 462, 566, 
609, 665, 685, 702, 713, 744, 793, 852, 856, 
865, 910, 920, 941, 995, 999, 1127, UU8, 
U65, 1254, 1 3 ; ; , l4q6 
l 3 l T e £ l3iy e m 

13X.p(,€ f 1OT8/U46] 

81, 102, l4g .7 , 183, 586, 793, 852, 1646 

i . - ?3 T e r a . ? l 3 > ^ k r y o 3 j m i > m 6 



TABLE I (cont.) 

Energy" Intent : L t y a ' b 

(keV) 

169.7 (2) 0.8 (2) 

172.0 (2) 0.5 u) 
177-2 (.2) 1.7 (3) 

182.25 (2) kl (4) 
20 (4) 

I82..25 {?.) 19 (5) 

l 8 5 . l l (8) 4 .0 (5) 

188.15 (5) 5-5 (5) 

1&9.76 (4) 15 (1) 

190.52 (6) 5.0 (4) 

200.65 (2) 195 (5) 

203.'* (4) 0.5 (2) 

207.5 (1) 1.0 (3) 

Note Transition Coincident Gamma Rays In 1 3 f T e m Decay 
(from/ to ) or Identification 

131-1 

T 
IT 
GG 

2170/2001 

(1974/1797) 

2114/1931. 

1980/1797 

2168/1980 

21114/1924 

2170/1980 

1797/1596 

(2001/1797) 

1059/852 

111(8, 2001 
Not placed 
1 3 1 I T2.68] : 
l3l T em 

Internal transition 
134, 200,. 240, 335, 375, 775, 822 
151, 200, 240, 744, 773, 782, 822, 852 

81, 2S3, 554, 775, 795, 352, 910, K.59, 
1127, 1206 
.149.7, 278, 773, 793, 865, H50, i£4f, 1587 

81, 283, 354, 773, 793, 852, 91C, 105*. 
1127, l2-'!6 
81, lu2, 134, 14?.7, 182, 183, 213, 744, 
773, 822, 85? 

852 

http://l85.ll


TA3LE I (eon t . ) 

Energy a Intensi . t y a ' b Bote Trans i t i on 0 Coincident Gaffima Itey.' In 131T-™ D.--.ty 
(keV) (from/ to ) ^r Iden t i f i ca t ion 

210.3 (3) 0.4 (1) Not placed 

211.9 (4) 0.3 (1.) ft, 121m (1974/1761J 

213.98 (3) 11.0 (5) 2011/1797 159, 200, 230, 240, 744, 773, 782, 32?, ?5? 

227.7 (J»> 0.4 (3) 6 (1924/1697) 

230.65 (5) 5-0 (3) 2241/2011 213, 364, 773, 793, 1237, 3646 

232-3 (1) 2.4 (3) 2168/1936 1333, 1936 

235-0 (2) 0.4 (5) Q (2170/1936) 

240.93 (1) 196 (2) 1797/1556 81, 102, 134, 182, 183, 213, 773, 782 

25?.IT (2) 16.8 (3) 1899/1646 81, 149.7, 586, 793, 852, 910, 1059, 1646 

255-44 (7) 8.0 (3) 1315/105 0 149.7, 665, 910, 1059 

261.4 (2) 0.4 (1) 2241/1980 

267.2 (3) 0.4 (3) Q, U (2241/1974) 

269.2 (3) 2.8 (6) (2168/1899) or ( 1646/1376) 

272.4 (3) 
1 3 1 r ro.re] 



Energy 8 I n t e n s i t y 8 ' 1 5 Note 
(keV) 

278.56 (2) 46.5 (9) T 
0.6 (1) G 

278.56 (2) 46 (1) MD 

281.1* (3) 0.9 (5) 

285.2 (2) 10 (1) 

281-30 (8) 

290.5 (2) 2.0 (3) 

29C.8 (5) 1.3 (2) X 

298.8 (2) 0 .6 (4) T 
0.6 (1) (J 

302.7 (2) 1.0 (3) 131-1, GG 

303-9 (2) 1.0 (2) 

309-47 (6) 9-7 (9) 

317-9 (1) 

323.7 W 0.4 (2) 

TABLE I (con t . ) 

Transi t ion Coincident Gamma Bays in 1 3 1 T e f f l Decay 
(from/ t o ) or I d e n t i f i c a t i o n 3 

1 3 1 T e m , 13iTe6 
i 3 i T e B [ 1 U 2 T / 1 1 1 ( 8 1 

1924/1646 86, 149.7, 189, ? 4 5 , 586, 793, 852, 910, 
1059, 1646 

2l68/lE'-7 I887 

1980/1697 14Q.3, 188, 190, 844, 852, 923 
1 3 - 'T T61.5] 

2270/1980 

1148/852 8?P 

3CLT eg fU44/ l l4C] : " i ^ rl8po/l50Cl 
! 3 i T e e f 1444/11461 : " I T - / r 1600/15-0] 

I890/1596 " i j TO.C45] : 822 

2001/1697 

1315/1005 149-7, 665, 856, 10"=. 

1 3 1 I rc.79J 

HA plrlcsd 



Energy* I n t e n s i t y 8 ' 1 5 Hote 
(kev) 

321*. 8 (2) 

325.8 (2) 

331.2 (6) 0 ,8 (5) 

33U.27 (1) 2*7 (3) 

355- U» (7) 5.5 (6) 

3k2.92 (5) ll* (2) T 
It (1) G 
0 (2) MP 

51*2.92 (5) 10 (3) GG, MD 

3*5.9 (3) 2.5 (8) N 

551.3 (1) 5 A (5) N 

353.5 (3) 2 .1 (8) T 
0.1 (1) G 
2.0 (9) MD 

35'i.T (1) 5-9 (3) 

TABIE I (con t . ) 

Transi t ion Coincident Gamma Rays in l 3 1 T e n Deoay 
(froffi/ to ) or Idenf . f i ca t i cn 

1 3 1 I [0 .22] 
1 3 1 I T2.lt9] 

I6U6/1315 

I980/16I16 Ht9.7, 188, 190, 586, 702, 773, 793, 352, 
872, 910, 1059, i « 6 

1931/1596 79, 182, 7hk, 822 

i 3 i T e m i 3 i j e S 

i 3 i T e g rit92/lli9] 

1*92/11*9 11*9.7 

1899/1556 81 , 111, 773, 792 

2270/1921* 278, 1150 

iSwfoliJ iJtq.T, 695, 773, 77i , 852 

1 3 1 T e

m i 3 1 j 0 6 

131 T e g [1500/111*6] 

221*1/1887 1887 

2001/161*6 l'*9.7, 793, 852, 16U6 



Ereror 
(keV) 

357-4 (3) 

562.3 PO 

364 48 (2) 

364.98 (10) 

375. 8 (3) 

377.8 (5) 

379-3 (3) 

385.90 (7) 

401.5 (5) 

403-3 (4) 

404.5 (2) 

403.2 (3) 

In t ens i ty* ' 1 1 

0.5 (2) 

2 (I) 

31 (4) 

0.3 • ( 1 ) 

1.0 (7) 

0.5 (a) 
10.1* (5) 
5-2 (3) 
5-2 (8) 

0.10 (5) 
0.06 (9) 

0 . " (3) 

1.6 (8) 

TABLE I (cont.) 

Itote Transit! n Coincident Gamma Bays in 1 3 1 T e m Decay 
(from/ tj ) jr Identification 

(:980/l622) 

Q I61i6/l284 

1 3 l I [806] 

GG 2011/1646 149.7, 159, 230, 586, 702, 773, 793, 852, 
910, 1059, 1646 

1931/1556 182 - - • • 

Q (1974/1596) -r (2001/1622) 

2176/17Q7 

T 
G 
MD 1980/i596 

T 

N 1005/602 

Q 2332/1924 

isiTe'", iaiTe g 

lSljgg [8T6/492] 

744, 773, 822, 852 

i s i T e g ij.500/1098) 
1 3 1 T e g [1500/1098] 

1 3 1 I [0-56] 



Energy 1 I n t e n s i t y 3 ' b Note 
(keV) 

ifl7.4 (2) T-2 (5) 127 

1(21.8 C5) 0.2 (1) T 
0.2 (1) G 

1(32-1(0 (7) 17 .1 (7) 

452-30 ( * ) • •1*7- (5) T. 
107 (7) G 

1(0. (10) M 

33 (2) MF 

ltfe.92 (5) 1(7 (1) 

1(68.16 (9) 8.1 (8) 

492.65 ft) 30 U) T 
28 (3) G 

2 W M 
0.2 (1) MF 

503-0 (1) 

506.8 (2) 2 .3 W 

TABLE I (cont . ) 

Transi t ion Coincidert Gacm Rays in 1 3 1 T e ' Decay 
(from/ t., ) cr Iden t i f i ca t ion 

2063/l6l»6 586, 793, 852, 16U6 

I 3 i T e . C [1427/1005] 
i 3 i T e S ; 1 427/ l005] 

1980/151(7 695, 773, 77*, 852, 15UT 

isiTe" 1, 1 3 1 T e s 

i 3 i T e g [602/ll(9] 
i 3 i T e m 

602/ll(9 l!»9.7, 5^6, 665, 685, 713, 1333 

1315/852 1*9.7, 609, 665, 685, 702, 852 

S l l t / l & e 793, 852, 16U6 
1 3 1 T e m , 1 3 1 T e g 

l 3 i T e S [ 4 g 2 / o s ] 
I 3 l l e m 

1(92/ OS 109 

1 3 i I [3 .58] 

Hot placed 



Energy" 
(keV) 

Intensity Bote 

524.8 (1) 3.5 eo 
550.7 (1) 2 .7 (5) 

5ki.k (1) 2.9 (6) 

544.8 (2) 3 .0 (7) T 
2.5 (3) G 

546.7 (2) 1.0 (2) X 

551.1 eo 0.10 (8) T 
0.11 (10) G 

558.1 (2) 0.6 (2) 

567.2 (3) 0.6 (3) T 
0.6 (1) G 

572.7 (2) 1.3 (*) T 
0.2 (2) G 
1.1 )6) MD 

5 7 9 . 8 (3/ 2 .0 i'6) 

586.30 (3) 51 (2) 

TABLE I (cent.) 

Transition Coint-'dent Gamma Rays in J31Te ' Decay 
(from/ to ) or Identification 

2170/l646 793 

2176/1646 793 

1315/773 665 

i a i T e g [ m e / c o s ] 
1 3 1 T e « ,1146/602] 

11W602 452, Cos 

i3iT ee [upv/e^i 
l 3 i T e e [ 1 i i 2 7 / f t f c ] 

(2114/1556) 

1887/1315 

2176/159C 

i a i I e e ; i l 4 w / 3 7 t ] 

i2 i T . . e [,1,27/^5.-1 

•M'.-l, !5 i , 2':3, ?•"-, 53 



Energy Ia*v*>ns". ̂ y 

(keV) 

597.0 (2 ) i . 3 ('>) 
602.09 C) 3 2 ( I ) 

24 (2 ) 
8 (3) 

8 ( I ) 

609-1* W 3 . 6 (4) 

(637.5) ( 2 ) feo.8) ( 8 ) 

642.73 (9 ) 

651..2 (1) LI (2) 

9 (2) 

657.? ( 2 ) 0 . 6 ('<) 
665.05 (3) 112 (2) 

681.95 (30) 0 . 8 (2) 

685.9 ( 1 ) 4 . 0 ( 3 ) 

G 

H 

MF 

151-1 

Tr-ir..-I ' .: r. ~ ' r: •: ••:.'., l - c r . R-»y •:• 1 3 l 7 - " " I " "•}" 

(i"r - / '. ,' r r :-: i- . : i - :-if . : . : 

.-00i/i''03 

602/ GS 5W, 665, T13, 1333 

1924/1315 I4n,7, 465, 713, 1315 

(!697/l059) 1 3 l I r 7 ? . l l 

« l T r? . l 81 

WljeG M146/492] 
1 3 i T e e [ u i , 6 / i t a ? ] 

K.t ulnceil 

1980/1315 149.7, 255, 309, 452, 462, 541, 602, 702, 
713, 852, 856, 910, 1059, 1165, 1315 

1284/602 
2001/1315 14Q.7, 452, 462, 713, 852, 1315 



Energy8 I n t e n s i t y 3 ' Ncte 
(keV) 

695-62 (8) 11.2 (6) T 
0.9 (2) 0 

10.3 (8) MD 

702.50 (7) 10.1 (5) M 

713.10 (h) 57 ( t ) 

722.90 (7) 

727-0 (2) 3.0 (3) T 
2.6 («) G 

73e.8 (2) '..7 (3) X 

7 ^ . 2 0 (h) i n (1) ;i 

749.0 (8) o . i (?) Q 

773.67 (3) 1000. (8) T 
986 (10) DG 

TABLE I (con t . ) 

( f r ic/ t . ) . r Iden t i f i ca t ion 

1547/852 

852/lV, 

1315/602 

3 8-'i7/:ili8 

1596/85? 

(2065/2515) 

773/ Ê 

i a i T e ' n i3iT. e b T 

1 3 1 T e g [1298/602] 

351, 1.32, 852 

tto.7, 33k, 364, ' '62, 665, 744, 793, 1127, 
1148 

149.T, 452, 602, 609, 665, 6S5 
I 3 l I ; 17.9]"' 

iaiT.-,!' "SYfi/iU"?] 
1 3 1 T e " ' ;976/l4q] 

^X' , H i ? 

S i , :o?, ; ? i , :i->.7, i ?3 , ?oo, 2 ' . ; , 335, 
5^3, VCS, "52 

1 ! " T . ~ i ut:..-t 

. ; , ••:•.., 102, 13-, i -> .3 , i - 2 , - p 3 , .--, - : \ 
n o , 200, 213, ?50, Ac, 3 3 - , 535, 3-2, ? c - , 
3'-'., 3";, •'•}?, TTJ., v ' r , -??, v r , :cr?, 
in-'-, 1125, - i ^o , :2 '6 , 123", -;••'., : ; > -



TA3ZJ 1 (.-ant.) 

Energy 
t'SeV) 

I n t e n s i t y 5 ' b Hate Transition'" (toin-Ident dijrsa Bayc in 1 3 1 T e ~ r'j-ay 
(from/ t<. ) ...r Iden t i f ' . ca tUn" 

774-1 (1) 14 (2) GG 1547/775 

782.49 ft) 201 (3) 1556/773 

793-75 (3) 358 (5) 1646/852 

801.6 (2) 0-5 (a) 1403/602 

822.7B ft) 158 (2) 1596/773 

8U2.I (2) 1-3 ft) T 
1.2 (2) C 

844.9 (2) 4 (1) 1697/852 

848.9 (2) 1.0 (3) (1622/773) 

852.21 (3) 543 (6) T, N 

553 (11) DG, N 352/ GS 

149.3, 351, 432, 775 

81 , 102, 134, I85, 213, 24c, 542, 773 

81, 102, 149.7, 151, 159, 188, 189, 190, 
230, 253, 278, 334, 364, 417, 468, 524, 
530, 702, 852 

81, 102, 134, 182, 183, 200, 213, 302, 335, 

383, 773 

i s i T e S [3U44/602] 
1 3 l T e S [3.1,44/602] 

283, 852 

1 3 l T e m doublet 
81, 102, 134, 151, 168, 190, 200, 207, 213, 
253, 278, 283, 296, 334, 351, 354, 364, 383, 
417, 432, 462, 468, 665, 685, 695, 744, 793, 
844, 1035, H27, 1148, 1211, 1316 



Energy* Intensity * Mote 
(keV) 

852.21 (3) 10 (5) GO, 

856.05 (6) 16 (1) T 

0.5 (1) G 
16 (1) H 

865.1 (2) 5 (1) -BE 

872.3 (3) 2 .6 J 5 ) 

881.6 (3) 0.9 (3) K 

898.6 (3) 0.9 (3) T 
0.8 (2) G 

910.00 (3) 85 (2.1 

920.62 (5) 31 fa) 
923.4 (2) 3 .0 (6) 

930.0 CO 0.5 (3) [j 

93^-5 CD '••9 CO T 

CO 

TABLE I (cont.) 

Transition Coincident Gamma Rayn in 1 3 1 T e Decay 
(fr.ni/ to ) or Identification 

200l/lL)i8 

1005/lli9 

192)i/l059 

l6)(6/773 

1887/1005 

1059/ilio 

1>8o/l059 

169- /Y73 

193'-/- 05" 

149.7, 999, 1148 

l s i j e" 1 , i 3 i T e K 
1 3 1 T e g [1005/l)i9] 

149.7, 309, 665, 995 

DE [1887.70] : U 9 . 7 , 189, « I0 , 1059 

53)1 

i 3 i T f c « r l 5 0 0 / 6 o 2 ] 
i s i T e B ;1509/60?1 

l-Vl.7, L83, loo, 253, .3'.), 278, J J t , 
586, C*5, "65, ^20, ^)il 

i ) . l i7 , 910, 105*5 

??d, ('73 

http://fr.ni/


Energy" In tens 5 11 t 

(keV) 

9M.2T (5) 20.2 (7) 

9W-57 (5) 13-3 (6) T 

13-2 (6) G 

951.5 (1) 2.0 (M T 

1.9 (?) G 

979.0" (1) 

987.8 (1) k.O (3) 

995-1 (3) 2.3 d) 
997.16 (6) 19.5 (9) T 

19-5 (9) G 

999-2 (1) h.k (5) X, I 

1003.6 (?) 0.7 (k) ft. 

1005.7 (2) 1-9 CO N 

1007.7 (1) k.9 C) T 

' . .8 (3) G 

1033.6 (2) 1.6 (2) 

T p - i r . . v ' : -i C I : . - - : - ! • I-i-r .- . F ' 

( f r =:/ • > r : : • : . - : : • • • • . • • • . : 

2001 /105 < !•'• >.'•', V ' : , ;C- • 

l ^ T - " ' !»>'*.':•'<>: 
S 9 1 T - ' ' i O > ° . / ! ; - H 

131-j.,/ • ;I ,JJ,/!, , , ; 1 

in'-T.-'"' ' H U t A - i p l 

" "" •- •• W !?000.->'. 1 

1YCJ/775 

200l/ l .005 I ' l i l . f , R;-,.,, 1005 

i a i T , " n i l . o / U j o ] 

U l t f i / l ' iO l ' w . T , 73R, to:1 

2063/1059 

1005/ G;s sou, <)95 

" * ! ' ( - ' ' ! 150oA<i?l 

isxT l,e 1 •.•jooAoa] 

1Y9Y/YY3 » 1 , >02, 77* 



TABLE I (cont . ) 

Energy* Intensi :tya'° Hote c Transition 
(3K*) (from/ to ) 

1027.8 w 0.2 (1) Q 1860/852 

1055-4 (2) 2.7 &) N 1887/852 

1059-69 (4) 40. (1) 1059/ GS 

1072-3 (2) 0.6 (1) 1924/852 

IO98.5 (2) 1.1 (2) T 
1.1 (2) G 

1108.3" ft) 0.6 (2) - - - - • 2168/1059 
1114.1 (5) 0.3 (1) 1887/773 
1125.46 (4) 295 (6) 1899/773 
1127.96 (6) 25 (2) 1980/852 
1134.2 (4) 0.2 (1) Q 1284/149 

1146.97 (6) 30. (3) T, -DE 
29 (3) G 

1148.89 (7) 44 (2) T, N 
39 (8) DG 2001/852 

Coincident Gamma Bays in * 3 1 T e Decay 
or I den t i f i c a t i on 

852 

188, 190, 253, 255, 278, 334, 564, 586, 
665, 865, 920, 9 4 l 

i3iTeg [ 1 0 9 8 / G S ] 
131 T e8 [ 1 0 98/ QS] 

773 

81, 775 
149.7, 188, 190, 702, 85? 

DE [2168.54] : 1 3 * T e g [1146/ GS] 
i 3 i T e S [ n 4 6 / QS] 

1 3 1 T e doublet 00 

149-7, 169, 702, 852 



Energy In t ens i t y ' 
(keV) 

ll.li8.89 (7) 5 (6) 

1150.90 (9) 17 (2) 

1162.7 (2) 0.7 (2) 

I I65.5 (1) 3-6 (3) 

l l 8 l . i t (4) 0.5 (2) 

1206.60 (4) 252 (4) 

1211.0 (2) 1.6 (5) 

1227.8 (5) 0.2 (1) 
1237.32 (5) 17.0 (8) 
121)8.5 (3) 

125^.2 (4) 0.7 (1) 

1277-7 (3) 0.8 (2) 
0.7 (2) 

1294.47 (7) 2-9 (2) 
2.B (5) 

TABIE I (coat.) 

Mete Transition Coincident Gamma Kays in 1 3 1Te Decay 
(from/ to ) or Identification 

i, X, MF 1148/ GS 738, 852 

1924/773 S6, 189, 345, 773 
2168/1005 

1315/149 149.7, 665 
2241/1059 
1980/773 188, 190, 773 

2063/852 852 

Q (2001/773) or (1376/149) 

-2011/773 

l4o3/l49 

T 
0 

T 
G 

159, 230, 773 

DE [2270.65] 

149.7 

i a i T e E [xteT/^o.] 
131 T e B [ J ^ f / ^ g ] 

i 3 i T e E [x444/l49] 
i 3 i T e S [iMU/iUg] 

http://ll.li8.89
http://ll8l.it


Energy 8 I n t e n s i t y 8 ' Mote 
(keT) 

1315.16 (8) 20 CD 
18 (2) 

1316.2 (2) 2.5 (9) 

1318.3 (2) 1.0 (2) 

1353.8 (3) 1.1* (2) 

1340.6 (1) 2.6 (3) 

1350.9 (4) 0.5 (1) 
0.5 (2) 

1376,8 (4) 1.1 (2) 

13SI9.6 (5) 0.4 (1) 

139A-83 (9) 2.8 (2) 

IU03.6 (6) 0.3 (2) 

1426.8 (3) 0.4 (1) 
0.6 (2) 

1490.0 (3) 

1496.5 (4J 1.5 (2) 

TABIE I (eont . ) 

Trans i t ion Coincident Gamma Rays in 1 3 1 T e Decay 
(from/ to ) or Iden t i f i ca t ion 

i 3 i T e

m

 a o U b i e t 

1515/ GS 609, 665, 685 

2168/852 852 

2170/852 

1936/602 149.7, 232, 452, 602 

2114/773 773. .... 

131TeB [X500/149] 
131Te6 [15oo/l49] 

1376/ GS 
2241/852 

2168/773 773 
1403/ GS 

i 3 i T e S [i42f/ G S ] 
1 3 1 T e e [1427/ GS] 

SE [2000.94] 

l646/li.9 149.7 



Energy 3 I n t e n s i t y a ' 
(Key) 

1500.4 (2) 0.8 (2) 

0.7 (2) 

1527-T (5) 0.3 (1) 

0.3 CD 

1547.75 (9) 1.8 (2) 

1556.2 (5) 

1596.4 (5) 

161*6.01 (5) 32 (1) 

1657.5 (5) 

1696.8 (5) 0.4 (1) 

1759.6 (5) 

1850.6 (4) 0.2 (l) 
1880.1 (3) 1.6 (2) 

1887.70 (7) 35 (1) 
1899.1 (5) 

TABLE I (eon t . ) 

Transi t ion 
(from/ to ) 

Caincident Gamma Bays in i 3 l T e r a Eecay 

or Iden t i f i ca t i on 

15^7/ GS 

1646/ GS 

1697/ GS 

1980/149 

l880/ GS 

1887/ GS 

1 3 1 T e g [ 1500/ GS] 
l E l T e S J1500/ GS] 

131 T e S [ i f i f f /Ug] 
1 3 1 T e s [1677/149] 

452 

SUM [775+782] 

SUM [775+822 and 852+744] 

81, 151, 159, 189, 250, 253, 278, 334, 
354, 364, 417, 468 

SE [2168.54] 

283 

SE [2270.65] 

189, 281, 353 

SUM [1127+852] 



TABLE I (cont.) 

Energy 
(keV) 

Intensity ,a,b Hote Transitior Coincident Gamma Rays in * 3iTe m Decay 
(from/ to ) or Identification 

1924.1 (5) O.LC (5) 

1956.15 (9) 1-9 (2) 

1980.5 (3) 0.8 (2) 

2000.94 (6) 52 (1) 

2168.54 (9) 9 .0 (5) 

2270.65 (9) 9-9 (5) 

2532.75 (40) 0.07 (1) 

1924/ GS 
1936/ GS 
1980/ GS 
2001/ GS 
2168/ GS 
2270/ GS 
2532/ GS 

232 

I69 

Value shown as 16.2 (l) means l6.ii * 0.1 for example. The uncertainties are one standard deviation. 

The intensity values are relative to a value of 1000 for the combined 773-67 and 774.1-keV transitions. 
To convert to absolute intensities (per 1000 decays) multiply the relative intensity value by 0.384g. 
This includes the absolute beta branch direct to ground of 5-2 / . Since this table consists of peaks 
seen under a wide variety of cutting conditions, intensity values are given only for transitions 
assigned to lsije " uecay. Transitions not placed in the decay scheme are thought to come from 
1 3 1 T e decay as their intensity values vere consistent under all counting conditions and they were not 
observed in ̂ 3 1Te g decay. 



TABLE I (cor*t.) 

JSvanjit;. a a-'rlgnmentc are made f^r 1 3 1 T e ' decay. Assignments In parentheses are dotted in the decay 
;• -h'r*. ir.i v-r*2 plavd n tfar basis of siimr and differences and on being consistent with being monop.le 
r -ilp 1'- tr'-snrit,:.nr* D. uble alignments are b^th shown in the decay scheme, with the sums and 
•i'ffcr'.'.icc slvln*" «;• preference fcr the placement. 

A-r'PWv/itn t J «-.ther Te iŝ ti-pe decays are based rn variations in relative intensity values with length 
f 'rr^d'rxt^.n and with time after irradiation. Assignments to 1 3 l T e e decay are based on the present 

V r'r. *in:i - n the v rfc f Haciar and Walters (71Mal). Assignments to 1 3 1 I decay are based on the work 
- f Kcy-r ̂ v -al* (7J*Kel) On the intensity scale of this table, the most intense 1 3 1 I gamma-ray 
(5f>.-*r!--k(:V) hud '! relative intensity value ranging from about 100 to about 700 depending on the 
'.::.r,\h f th*- L- unt -jnd the timy after chemical separation. For 1 3 1 i gamma~rays, the absolute intensity 
vtilu'* (p':r 1OO0 dct'&yr) fr-<m the w.;rJt ̂ f Meyer et al. (7^Mrl) is given. 

1\i> ::.*.'.: \u the t'jbl*- swan the fallowing : 

T - Th'r reiatlve intensity value is that measured for the total peak, 

'i - Th* rotative Intensity value is the contribution to the peak from i 3 1 i e e decay. The value 
I.- T-i]-Minted based en the 997*l6-keV transition being a pure 1 3 1 T e gamma-ray and using 
th*- r*jl'ttlvr- intensity values for 1 3 1 T e s decay from this worlt. 

'•' - Th»- r<rJa*ive Intensity value ia the result of subtracting the contribution to the peak 
fr .m l3»Te*r de-ay. 

11 - Th'- • jitrlbuti* u l> tho intensity fr .m a transition in 1 3iTe t J decay was negligible. 



TABI£ I (cont.) 

MF - The relative intensity value is the result of balancing input to the level ana output from 
the level and assuming no direct beta feeding to the level. 

125ir (etc) . The decay of thir Te isotope may contribute to the intensity of this peak. 

!} - The presence :f this transition is in some doubt. Generally this is a weak peak with 
large uncertainty and may not have been observed in all of the singles spectra. 

D - This transition ir possibly a doublet. 

GG - This transition was observed solely in gamma-gamma coincidence spectra. 

IT - This is the internal transition 131m to 131g. The relative intensity value is calculated 
from the measured IT branch and the theoretical conversion coefficients. 

MD - The relative intensity value is '-he result of subtracting the contribution from i 3*^* 5 

decay, however the placement of t is transition is different from the placement in 1 3 l T e ^ 
decay. 

X - Coincidence information supports the assignment of this transition cither into or out of 
the level at 111*8.9 keV. 

131-1 - An 1 3 1 i gamma-ray of this energy may contribute to the relative intensity. 

DG - The relative intensity is the result of subtracting the contribution of an unresolvable 
transition seen only in coincidence spectra. 

-DE - The relative intensity value has been corrected for '.he contribution from a double 
escape peak. 
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TABLE II 

Gamma Rays Observed in the Deoay ot 25-min 1 3 1 i e s 

Energy" Intensity5' ; Note Transiticr 
(k'.V) (from/ to ) 

n 602A92 

1146/1005 
n U 9 / GS 
n 1298/1146 

1098/876 

109.40 (4) 0.9 (1) 
141.20 (4) 0.4x (7) 
149.716 (5) 1000. (-): 
151.1 (1) 2.5 (9) 
221.57 (5) 0.48 (7) 
267.5 (3) 0.06 (5) 
274.68 (15) <0.1 
278.17 (2) I .43 (T); 
280.17 (12) 0.25 (7) 
294.75 (15) <0.07 
297.09 (5) 0.72 (7) 
299.94 (6) 0.57 (7) 
342.945 (4) 10.2 (1) 
345.6 (1) 0.20 (6) 
351.48 (T) 0.34 (6) 
353.58 (9) 0.28 (6) 
384.059 (3) 13.0 (1) 
402.36 (14) 0.10 (5) 
1*03.3 (--) 0.10 (5) 
421.32 (7) 0.61 (12) 
438.5 (2) 0.10 (5) 
452.323 (2) 264.5 ft) 
469.7 (1) 0.22 (8) 
49^.66 (1) 70.2 (3) 
494.85 (5) 1.1 (1) 
49^.23 (8) 0.5 (1) 
544.88 (1) 6.2 (2) 
550.4 (1) 0.4 (1) 
567.33 (4) 1.49 (9) 
574.9 (1) 0.45 (7) 

876/602 
1427/1148 
1427/1146 
1146/852 
1444/1146 
1800/1500 
492/U9 

1444/1098 
1500/1148 
1500/1146 
676/492 

1500/1098 
1005/602 
1427/1005 
1444/100; 
602/149 
1346/876 
492/ as 
1500/1005 
1098/602 
1146/602 
1427/876 
1444/876 
1427/852 
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rABLE I I (cen t , ) 

Enerey a Ititen.-i ty' l» S.-l'i Warn;': t i,,n 
(keV) ( f r n i / t j ) 

COS.039 ( J ) 0 0 . 'i (3) n 6 0 2 / OS 

6 0 5 . 5 5 (2 ) J . T a; 1098A9S 
G 5 i . 2 6 (1 ) 2 2 . ? fr) l l W ' 9 8 
6 9 6 . 1 9 (2) 2 . 0 (a) 1298 /603 
T02.T (3) O . U (a) -1:1 1800 /1098 

7 P 7 . 0 0 :. j) L-.fi ( 1 ) 8T6/1U9 

Ihh.k (3) O . i l CO -m 1376/602 

S05 .5T fro) c.-:« CO j ;«8/Jw.'> 

**.?*. 0 1 * ' Xh (0 l!i: vr/6o:> 
^ i i : . ' j 3 p) rv? (1) Ili'i'i/f.OS 

65.?.£H (U O.C'i (!) -ir. H5lV OS 
^53.^5 • ; > ' 

U i O ( 1 ) : ' , i n . / i i ' o 

ftJt.oB (3) i . ' ( J ) tl 1005/IV> 

£81.15. fro 0 . . 3 V a.) n 1 7 5 ( / K i t 
e T ? . ? 4 <*> P.O (;) !'.oo/<jor 
•>Jl..U*3 : ^ i c?. .' (?) i i . : ' ;7 ' i >s 

9M.5l»S ('•) 5 » . ? CO lO-l^./lU't 

•)51.39 ( ? ) ' * . " • (1) i i i ' t i iA iy 

• v ) \ 3 5 (•» ' i ^ . ; ; 00 1 I ' . L / I V I 

TV*. 20 rs,) 0 . ' . ( i ) •: I \U*/V<ri 

-TOVfC U5> 0 . ^ 0> -•• I O C . / ..re 
: 0 0 7 . if: (;; i i . ' i (1) :sooA >? 
1055.5 (-0 U.0-. ( i ) -•' P0l>0/!005 
:r/t/r !'<) 0 . 0 1 CO .•0;'."V'-005 

10V. .S5 fr) f . 5 (0 . 0 ' " / OS 
U-M-.T". ( i> ( 2 . 0 CO . ! « • / « 

11**1,5: CO 1.6 (I) 1'•:)(;/ll.t 

U H , ' ) (") 0 . > CO 1 i w t / rjn 

:vz.f> (?) O.Ol. f?> ' 7 5 7 / 6 0 : ' 
a%.Y fr) 0.0 ' i (3) K,77A'W 
: : 9 " . 5 p) 0 . 0 ' ' 00 1 !Oo/tx>? 

http://L-.fi
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TABffl I I (cont . ) 

Eniargy" In tens i ty 1 1 ' Note Transi t ion 
(keV) (from/ to ) 

1265.2 (2) 0.07 (2) 1757/492 
1277.44 ( l ) 1-T1 (7) ! 1427/149 
1294.34 (2) 7-0 ( l ) 1444/1^9 
1297.98 (16) 0.07 (3) 1298/ GS 
1.308.1 (2) 0.10 ( l ) : 1800A92 
1350.91 (4) 0.88 (5) ' 1500/ll*9 

1427.14 (2) 1.53 (5) ! 1^27/ GS 
1500.62 (3) 1.67 (5) 1500/ GS 
1527.73 (2) O.83 (4) 1677/149 
1548.0 (5) 0.013 (7) -m 2040/492 
157^.94 (9) 0.12 ( l ) ' 2072/4SW 
1650.97 (9) 0.18 ( l ) 1800/149 

(1765.2 (5)) (0.02 (7)) 
J&00.68 (20) 0.05 (1) 1800/ GS 
1801.1 (3) 0.04 (2) 2040/149 

1123.6 (;.') 0.05 ( l ) n 2072/149 

(1173.L (4)) (0.03 (1)) 
rao.fi (l) 0,10 (1) ' 2o4o/ GS 
."OY\>> (3) o.oti (2) 2072/ as 

u A V'jlU' .;)> wn »r 1O-T.40 (4) mean- 109.40 t 0.0k f r example. The 

un.'irta'.nfu..- at'- nc «tandur>i d"V'*jt;.-n. 

b The ' i i t ' i i : ' t y v i l l u s Mr r<Uut!ve t 1000 f r thr WQ.TlGJwV 

trun.-U! n. T- •-• nvi-rt 1 ->t.' luifi . ' n tcus ' t l es (per 1000 cleoays) 

multiply Hi' r- 'l 'it 'v< 'iiu'iu-ity valu>> by 0.68l | . ' 

Th:.- in ' lwii 'a •« t t i l .- ii/i'rs'. 'ii .voffU-icnt r 0.257 1' r the 

14) -KIV ir«ii"!i ' . i i umi the ni-uun.pt:. 11 f '( 2 E2 «hnrtu'ter t-<r 

tin' 141.110V t r i m ' ! ? ! 11 ( t uMi tra iaeT<< -* *<*>1 >iatn). 

http://rao.fi
http://ni-uun.pt
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TABIE II (eont.) 

d Part of the 297-keV transition is III18 to 852. I = o.l a:< 
calculated from 1 3 1 T e decay and the measured 999-keV inU-nsity 
in 1 3 1 T e ^ decay. 

e The UA8.9-keV transition intensity was calculated from kn.'wn rati >s 
in 1 3 1 T e m decay and the measured 999-keV intensity tn i 3 1-Te e decay. 

n The contribution to the peak from the isomer decay impurity was 
negligible. 

The contribution from the isomer decay impurity has been deleted 

using the intensity ratios from 1 3 1 T e r a decay. 
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of Meyer, Momyer, and Halters (74Mel) ). 
In the case of Te 9, the direct Tf-ray spectrum was 

observed, as described above, with a new sample produced 
every 25 minutes and the old source moved on to the next 
detector-pulse-height analyzer system in sequence. In 
this manner nineteen 25 minute counts were summed on each 
of the several systems. This method had the advantage of 
achieving good counting statistics while maintaining a 
relatively constant count rate on each system. In addition, 
any contaminating activities could be identified on a 
half-life bails as each additional system counted the 
samples approximately one half-life (-25 min) later than 
the preceding system. 

In the Te 9 spectra, 80 Y-rays were attributed to 
the decay of 25-min Te 9. These are tabulated in Table II, 
and 77 of them are placed in a decay scheme for Te 9. 
In Table I, ground-state decay contributions were deter­
mined based on the 997.25-keV transition, and in Table II 
the isomeric-state decay contributions were determined 
based on the 773.67-kbV and 774.1-keV transitions. 

By observing the growth and decay of daughter I 
in an equilibrium 1 3 1 T e m * 9 source initially free of 1 3 1 i 
and by employing the intensity and transition assignment 
data in Tables I and II,:I determined the direct ground 
state n-branch and the 182.2-keV M4 I.T. branch for 1 3 1 T e m 

by an iterative technique. The details of this determina­
tion are presented in Appendix II. I determined the direct 
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ground-state B-branch to be (5.2 ± 3.0)% which is in good 
agreement with the previous value of 6% (65De). x deter­
mined the 182.2-keV I.T. branch to be (22.2 ± 1.6)%. This 
is in fair agreement with the previous value of 18% (65De) 
which was obtained by comparison of the total B-spectrum 
with the K- and L-electron conversion lines due to the 
182.2-keV M4 I.T. In 1 3 1 T e g decay, Devare, Tandon, and 
Devare (63De) were unable to detect any measureable direct 
6-decay to the ground state of I. 

Recently, Fujiwara, Imanishi, and Wishi (74Fu) measured 
131 absolute Y-ray intensities for the decay of Te isomers. 

For the 149.72-keV Y-ray, they reported values of 0.21 ± 
0.02 and 0.8? ± 0.04 Y-rays per decay for 1 3 1 T e m and 1 3 1 T e g , 
respectively. Using my Y-ray data (Table I) and the ground-
state ^-branch value of 5.2% for ^Te" 1, I arrived at a 
value of 0.205 ± 0.008 Y-rays per decay for the 149.72-keV 
transition in the decay of 1 3 1 T e l n which is in good agree­
ment with the recently reported value. For the Te 9, 
the internal conversion of the 149.72-keV transition must 
be included in determining the total decay intensity. The 
a k and K/L values have been measured (67Be2) to be 0.21 ± 
0.01 and 7.9 t 0.4, respectively. My Y-ray data (Table II) 
combined with the \ > a

L i and a theoretical a„ (68Ha) re­
sulted in a value of 0.68 s 0.03 Y-rays per decay for the 
149.72-kaV Y-ray in the decay of 1 3 1 T e g . This is in marked 
disagreement with the recently reported value, which is 
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clearly in error as the measured internal conversion co­
efficients in themselves imply an absolute upper limit 
of 0.77 for 149.72-keV Y-rays per decay, assuming that 

131 there are no other transitions to the I ground state 
131 a in Te' decay. 

3. Gamma-Gamma Coincidence Spectroscopy. 
The Y-Y coincidence measurements were carried out at 

UM using two large volume true-coaxial Ge{Li) detectors 
3 3 

(55 cm and 65 cm , both having a FHHM energy resolution 
of 2.1 keV at 1332 keV) in conjunction with a multipara­
meter pulse-height analyzer and associated electronics 
described in Section II and elsewhere (71Apl). The co­
incidence time gate was approximately 23-25 nsec which 
resulted in a real-to-random coincidence ratio of ~27 to 
one. The coincidence events were recorded on magnetic 
tape in an 8192 by 8192 channel format for later analysis 
using the BM UNIVAC 1108 computer along with computer 
codes already described (Section II and Appendix I). 
Approximately 3 million coincidence events recorded on 
magnetic tape were scanned, and coincidence spectra were 
extracted for 60 peak regions as well as for neighboring 
regions to account for Compton backgrouns. The Compton-
gate spectra were subtracted from the pbotopeak-gate 
spectra to obtain net coincidence spectra. Energy gates 
were set on the spectrum obtained with the 65 cm detector, 
and the spectrum in coincidence with the gated region was 
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3 retrieved for the 55 cm detector. The results obtained 
are tabulated in Table III which lists all photopeak gates 
which were set and all v-rays which were observed in true 
coincidence in the gates. Random coincidences, as deter­
mined by If '-Ing for peaks from intense rŝ n-coincident 
Y-rays, were essentially negligible (e.g., see Figure 26). 
All coincidences observed are also listed in Table I, 
although the coincidence information obtained on Te g 

decay is not shown there as it was less complete and in 
agreement with the work of Macias and Walters (71Mal). 

Due to the unique nature of coincidence relationships, 
the Y-Y coincidence data revealed the presence of 15 peak 
doublets which had been unresolved in singles spectra. 
In ten of these cases the doublets consisted of one tran­
sition which could be assigned to "' re m B-decay on the 
basis of coincidences and another which could be assigned 
elsewhere, such as to I or Te g decay. For example, 
Table III indicates that a gate on the 362-367 keV region 
resulted in the observation of numerous 1 3 iTe i n decay Y-rays. 
In singles spectra, the only major transition observed in 
this gated region was the 364.48-keV Y-ray in I decay, 
yet many of the coincident Y-rays were much too weak in 
singles spectra to have merely been random coincidences. 
Thus, the 364.48-keV peak must have included an unresolved 
component arising from Te m B-decay. In the other five 
cases, the coincidence data required that the one peak 
observed in singles spectra consist of two components, 
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TABLE III 

Gamma-Gumma Coincidences in 1 3 1Te * Decay 

Ge(Li) Gate Gated photopeak Coincident Gamma Says Observed 
(keV) (keV) (keV) 

78.0 - 82.8 78.57 102, 134, 149-151, I88-I89-I90, 200, 
79-19 240, 253, 284 (X), 355, 542, 744, 
80.18 (X) 775, 782, 795, 822, 852, 1023, 1125, 
8l.l4 1646 

99-4 - 103-8 100.0 81, 101-102, 111, 149, 151, 200, 240, 
101.6 
102.06 

744, 775, 782, 795, 822, 852, 1023 

103.5 

152.2 - 136.3 132.2 , 79, 182, 200, 240, 744, T73, 782, 822, 
134.86 : 852 

146.6 - 154,2 149.3 81 , 86, 102, 151, 185, I89, 200, 255, 
149.71 (+) 255, 278, 283, 309, 534, 342(*), 551, 
151.1 (») 554, 364, 452, 462, 586, 60J, 654(»), 
151.2 665, 685, 695(*), 702, 715, 727(*), 

744, 773-774, 793, 842(*), 852, 856, 
865, 898(»), 910, 920, 941, 948(*), 
995, 997(*), 999, 1007(*), 1127, 1148, 
1165, 1254, 1294(*), 1358, 1496, 1646 

157.9 - 161.7 159-66 213, 364, 793, 1257, 1646 

180.1 - 184.4 182.25 (IT) 134, 151, 200, 24o, 337, 375, 744, 
162.25 773, 782, 822, 852 
l83.ll 

186.2 - 192.0 188.13 81, 149, 278, 283, 334, 744, 775, 793, 
189.76 852, 865, 910, 1059, 1127, 1150, 1206, 
190.52 1646 

http://l83.ll
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TABLE III (cont.) 

Qe(Ll) Gate Gated Photopeak Coincident Gamma Rays Observed 
(keV) (keV) (keV) 

198.1 - 202.2 200.63 8l, 102, 134, l4g, 182-183, 213, 744, 
773, 822, 852 

211.7 - 215.5 211.9 159» 200, 230, 240, 744, 773, 782, 
213.98 822, 852 

227.8 - 234.0 227.7 364, 773, 793, 1237, 1333, 1646, 1936 
230.65 
252.3 

238.6 - 242.8 240.93 8l, 102, 134, I82-I83, 213, 773, 782 

250.8 - 257.6 253.17 81, 149, 586, 665, 793, 852, 910, 1059, 
255.44 1646 

276.7 - P80.2 278.17 (*) 86, 149, 189, 345, 586, 793, 852, 910, 
278.56 1059, Il46-ll48(*), 1646 
280.2 (*) 

281.2 - 285.4 281.4 80.18(X), 149, 188-190, 844, 352, 923 
283.2 
284.30 (X) 

307.4 - J11.6 309.47 149, 665, 856, 1005 

332.3 • 337.3 334.27 79, 149, 182, 188-190, 586, 702, 744, 
335.44 773, T93, 822, 852, 87?, 910, 1059, 

1646 

340.4 - 345,0 342.92 M 81, 111, 149, 384(*), 654(*), 773, 
792, 934(*) 

348.5 - 353-2 jtil.3 149, 695, 773-774, 852, 1887 
351.48 (») 

353.5 
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TABLE II I (oont.) 

Oe(Li) Gate Dated Photopeak Coincident Gamma Rays Observed 
(keV) (keV) (keV) 

353-0 - 556.7 353.5 149, 793, 85s, 1646, 1887 
353-5 (*) 
354.7 

362.1 - 366.8 362.3 1^9, 159, 230, 586, 702, 773, 793, 
364.48 (X) 852, 910, 1059, 1646 
364.98 

381.8 - 386.1 383.90 149(*), 342(*), 492(*), 744, 773, 
384.059 (*) 822, 852 

414.4 - 419.4 ltl7.lt 586, 793, i52, 1646 

430.1 - 434.5 432.40 695, 773-774, 852, 1547 

450.1 - 454.5 452.30 (+) i«9, 544(»), 546, 654f*>, 665, 685, 

6g6(*), 715, 84l(»), 898(*), 1333 

460.5 - 464.9 462.92 ,609, 665, 685, 702, 852 

467.4 . 470.1 468.16 793, 852, 1646 
469.23 (*) 

1,90.7 . 494.5 492.65 (+) 109, 384(*), 654(*), 853{*), 934(*), 
951(*), 1007(*), 1294(*) 

584.0 - 588.5 586.30 149, 151, 253, 278, 334, 364, 910, 
1059 

599.7 - 6o4.l 602.05 (+) 544(*), 546, 665, 713 

662.7 - 667.2 665.05 149, 255, 309, 452, 462, 54l, 602, 
702, 713, 852, 856, 910, 1059, 1165, 
1315 

http://ltl7.lt
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7Aiii£ l i t ( ixii t . ) 

Co(Li) Os'-v 
(k.:V) {Jt.'V) 

:<(••:.• J n r r / i S i ; ; . : <"i-

083.5 - (3S7.C 

C05.1 - tar.s 

TOO.-. - 70'.. 8 

710.* . 715.5 

7 ' " . . - - 7WJ.5 

770.O - 776.2 

779.9 - 785.1 

790.8 . 796.U 

••o;-!.---o 
:c~.: {•) 

7 t J .10 

7W*.20 

773-67 
771*. 1 

782.1*9 

793-T5 

819.9 - 825.1* 822.78 
825.0 

81*9.6 - 85U.2 852.21 
852.21 

'•V, 

li.r, ni." 

VO, !''i?, :fC, >.<->~; 

*l, :o?, <5ii, : i . ) , 
3?5, -0- ' , T"? 

" V , 

•'•i, ?c , 102, 1%, i; .i , i - 1 . 1 - :"?, :••=•<-;* 
?0o, ?X5, 230, .'i.o, .;:'•:., 3v , «•'.;••, v •., 
36'*, 383, 1*32, V7.:-"7i, ,-.-, = . - , : : : , , 
1125, 1150, IZVi, -23", i ' -O. :3>-

81, 102, 15'*. 183, .H5, 21.0, 3;*2, •',••» 

8 t , 102, 11*9-151, 159, 188.1*1.190, 
230, 253, 278, 55'*, 5i>'«, '»17, '>i-8, 
52**. 530, 702, 852 

81, 102, 131*, 182.183, 200, 213, 302, 
3?5, 383, 773 

(+) 81, 102, 131*, 151, 188, 190, 200, 207, 
2X5, 255, 278, 283, 296, 35'*, 351, 
55"*, 56U, 585, 1*17, 1*52, 1*62, 1*68, 
665, 685, 695, 7l*l*, 795, 8l(lt, 999, 
1035, 1127, 1H*8, 1211, 1316 

85**.7 - 857.9 856.05 (+) ll*9, 309, 665, 995 



V>-:-i , K-a, it*>, 5..;, 355(*), 
• • J ? , ' • • • ; , R = : 

n o , 775 
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TABLE I I I (cont . ) 

" u ( t ' ) CSV.i ilated PhuU<peaki i Coincident Gamma Rays Observed 
(k..V) (koV) (keV) 

i.'}?..? - lAO.Y 1237.32 159, 330, 775 

!<:r.<.- - 15l*.5 1315.16 609, 665, 685, 852 
1316.2 
1318.3 

133i ." - 135.'• 5 1333.8 14?, 232, *52i 602 

U J f . : - 131*1*.2 131*0.6 773 

l c 3 . ' . ' - 161*.-).3 161*6.01 151, 159, 189. 230, 253. 278, 33'*, 

554, 36'*, 468 

1885.t - I890.O 1887.70 189, 281, 353 

1333.5 - 1940.8 1936.15 232 

1997.0 - 2003.3 2000.91* 169 
a When more than one phatopeak appears in a ga te , the p r inc ipa l 1 3 1 T e 

decay peak 13 underl ined. 

(X) • This Is a t r a n s i t i o n assigned t o a 3 1 l decay. 

(*) . This Is a t r a n s i t i o n assigned to 1 3 1 T e 6 decay. 

(+) • This t r a n s i t i o n i s assigned t o both i 3 1 i e m and a 3 1 T e g decay. 
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clearly in error as the measured internal conversion co­
efficients in themselves imply an absolute upper limit 
of 0.77 for 149.72-keV Y-rays per decay, assuming that 
there are no other transitions to the I ground state 
in 1 3 1 T e 9 decay. 

3. Gamma-Gamma Coincidence Spectroscopy. 
The Y-Y coincidenc* measurements were carried out at 

UN using two large volume true-coaxial Ga(ti) detectors 
(55 cm and 65 cm , both having a FWHM anargy resolution 
of 2.1 keV at 1332 keV) in conjunction with a multipara­
meter pulse-height analyzer and associated electronics 
described in Section II and elsewhere (71Apl). The co­
incidence time gat* was approximately 23-25 nsec which 
resulted in a real-to-random coincidence ratio of -27 to 
one. The coincidence events war* recorded on magnetic 
tape in an 8192 by 8192 channel format for late* analysis 
using the UH UNIVAC 1108 computer along with computer 
codes already described (Section II and Appendix I). 
Approximately 3 million coincidence events recorded on 
magnetic tap* were scanned, and coincidence spectra ware 
•xtracted for 60 peak regions as well as for neighboring 
regions to account for Compton backgrouns. The Compton-
gat* spectra were subtracted from the photopeak-gat* 
spestra to obtain net coincidence spectra. Energy gates 
were set on the spectrum obtained with the 65 cm3 detector, 
and th* spectrum in coincidenc* with the gated region was 
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retrieved for the 55 cm detector. The results obtained 
are tabulated in Table III which lists all photopeak gates 
which were set mrt all v-ray« which were observed in true 
coincidence in the gates. Random coincidences, as deter­
mined by looking for peaks from intense non-coincident 
Y-rays, were essentially negligible (e.g., see Figure 26). 
All coincidences observed are also listed in Table I, 
although the coincidence information obtained on Te 9 

decay is not shown there as it was less complete ar.d in 
agreement with the work of Macias and Walters (71Mal). 

Due to the unique nature of coincidence relationships, 
the Y-Y coincidence data revealed the presence of 15 peak 
doublets which hsd bean unresolved in singles spectra. 
In ten of these cases the doublets consisted of one tran­
sition which could be assigned to Te m B-decay on the 
basis of coincidences and another which could be assigned 
elsewhere, such as to I or Te g decay. For trample, 
Table III indicates that a gate on the 362-367 keV region 
resulted in the observation of numerous Te m decay Y-rays. 
In singles spectra, the only major transition observed in 

131 this gated region was the 364.48-keV Y-ray in I decay, 
yet many of the coincident Y-rays were much too weak in 
•ingles spectra to have merely been random coincidences. 
Thus, the 364.48-keV peak must have included an unresolved 
component arising from l 3 l T « , n B-decay. In the other five 
cases, the coincidence data required that the one peak 
observed in singles spectra consist of two components, 
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:Ahi£ 111 

'-- D, , ; W 

H i ' ]-• -if.' 

'.(.•V> 

C '!:-:'i' ;r;'. ij-ir.-.a R'iy.~ Obarvii 
CK.:V> 

en 

• '...-, iJ.., .1. . . . - : ; , I * . . ' : ? - 1 ? 0 , 200, 

'•'••J, : i , r-'. 'X), 335, 3'-2, 7-4, 

- I S . . ; 

157.9 

180.1 

161.7 

184.4 

166.2 . 192.0 

'.'••0.0 
.< .< 
•"••'•-a. 

L03.* 

i*>?.?. 
.<.V.r.. 

141.3 
14<V71 (+) 
151.1 (*) 
151.2 

159.66 

182.25 (IT) 
182.25 
183.11 

188.13 
189.76 
190.5s 

-.,; 101-102, : : . , :«?, 151, zoo, &-o, 
>•( , " 3 , \ ' r2 , ' ? 3 , ^22, "52, -023 

•">i 1«2, 200, 240, "44, •'73, 732, 322, 
*52 

61, 56, 102, 151, 183, 189, 200, 253, 
255, 278, 283, 309, 534, 342(«), 351, 
354, 364, 1*52, 462, 586, 609, 654(»), 
665, 685, 695(*), 702, 713, 727(*), 
744, 773-774, 793, 842(»), 852, 856, 
865, 898(»), 910, 920, 941, 948(*), 
995, 997(*), 999, 1007(*), 1127, 1148, 
1165, 1254, 1294(»), 1338, 1496, 1646 

213, 364, 793, 1237, 1646 

134, 151, 200, 240, 337, 375, 744, 
775, 782, 822, 852 

81, 149, 278, 283, 334. 744, 773, 793, 
852, 865, 910, 1059, 1.27, 1150, 1206, 
1646 
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.-AS:* H I (iScnt.) 

C.-{L:l ii-Jt" 'i'lL 1 Ph t JJ.'Tlk'1 C •ll.-lcliiit (i'luura R-iy.: Ob." rV'.-J 
(fc-V) (krV) (1-..V) 

19.".' • .'0.' 

2u.'' - nr . 

2 2 7 . - - 23... 

27'-. 7 - 2-J0.2 

28.1.2 - 285.lt 

507.4 - 3 U . 6 

33-5.5 - 357.3 

JltO.I» - 31*5.0 

3*8.5 - 353.a 

.:oo.o5 « i , 102, !3-., !'»•!, i J r?-!«i , '13, I 'W, 

"» ; -•-, 
2 1 1 . > 

2 1 3 . 9 8 

2*2.3 

a j ^ . c - 2*2.8 2!.0.>3 

.-50. J - 257.-: 253.17 
->5C..M 

1 5 ) , . ' 00 , 2 3 0 , i'.'.O, '!••'•, •(••', r - 2 , 

H22,:-?.? 

3 ' " , . . ' 7 3 , •'•'?; \'"><> 1 \ ' 0 , i " ' . ' , ' >5». 

r: : , 102, 13/1, 1--2-IC3, i " . 3 , •% V-,-' 

8 1 , i , io , 581., . . . L S T13 , *<•-, - i : o , ;o >, 

2 7 8 . 1 7 (*) >vj, l ' n , J 3 9 , 5 ; t 5 , 5 8 L , V>5, - '52, 9 1 0 , 

278.56 1059, I : 1 R - I W 8 ( » ) , KM 

2~0.2 (*) 

28l.lt 80. L8(X), II19, 188-1^0, 8.',.'., a 5 2 , 923 
285.2 
28U.30 (x) 

309.'t7 l ' t?, CCJ, 85'% 1005 

33't.S7 79, 1'.9, 182, 1.85-190, 581, 70?, r'i't, 
335.'•' ' 773, 793, 822, 852, 87?, o io , 105>, 

161.6 

3l>2.92 (+) 81 , I I I , lb9, 38't(*>, 65'tf»), 773, 
792, 93fc{*) 

351.3 1*9, 695, 773-77't, 85P, 1887 
351.W (*) 
35.3.5 

http://285.lt
http://28l.lt
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"•• (I/.) C;M" (I'lti.d Ph.'. •i;':ak* C-ln--!<iftnt Gammi Rays Observed 
(H-VJ O'.'V) (keV) 

">' j . i . - J'/j.V 515.5 149, 795, 852, 1646, 1887 
353.5 (•) 

•> .1 - 5v'«« 3o2.3 lV?, 159, 230, 586, 702, 773, 793, 
564.48 (X) 8,52, 910, 1059, 1646 
364.98 

••-!.'• - 58C.1 333.90 149(*), 342(*), 492(»), 744, 773, 

384.059 (*) 822, 852 

>.\.,.n . 419.4 417.4 586, 793, 852, 1646 

'•30.1 - 454.5 452.40 695, 773-774, 852, 1547 

450.1 - 454.5 452.30 (+) 14a, 544(*), 546, 654(*), 665, 685, 

696(»), 715, 84 l (» ) , 898C*), 1553 

460.5 - 464.Q 462.92 609, 665, 685, 702, 852 

4o7.4 . 470.1 468.16 795, 852, 1646 
469.25 (*) 

490.7 . 494.5 492.65 (+) 109, 584(»), 654(»), 853(*), 934(*) , 
95 l{») , 1007(*), 1294(*) 

584,0 - 588.5 586.30 149, 151, 255, 278, 354, 564, 910, 

1059 

599.7 - 6o4 . l 602.05 (+) 544(*), 546, 665, 713 

662.7 - 667.2 665.05 149, 255, 309, 1*52, l*6s, 5<U, 602, 
702, 715, 852, 856, 910, 1059, 1165, 
1515 
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TABIE I I I (cont . ) 

Ge(Li) Gate 
(keV) 

Gated Photopeak 
(KeV) 

Coincident Gamnia R'-iys Obiu-frv.'ci 

(kcVy 

683.5 • . 687.6 685.9 

693.1 • • 697.5 695.62 

696.19 (») 

700.U -• 70*.8 702.50 
702.7 (*) 

710.5 -• 715-5 713.10 

7*1.8 -• 7*6.5 7**.20 

770.6 -• 776.2 773.67 
77't.l 

779.9 - 785.1 

790.8 - 796.4 

782.119 

"33.75 

819.9 - 025.lt 832.78 
825. 

8*9.6 - 85*.2 852.21 (+) 
852.21 

1*9, *5 2, *62, 713, 8TC, 1315 

351, *32, *52(*), 852 

1*9, 33*, 36*, *62, 665, 7**, 793, 
1127, 11*8 

1*9, *52, 602, 609, 665, 685 

81, 102, 13*, 1*9, 183, 200, 213, 335, 
383, 702, 852 

81 , 86, 102, 13*, 1*9, 182-183, 188-190, 
200, 213, 230, 2*0, 33*, 335, 3*2, 351, 
36*, 383, *32, 773-77*, 782, 822, i l l * , 
1125, 1150, 1206, 1237, 13*0, 139* 

81 , 102, 134, 183, 213, 2*0, 3*2, 773 

81, 102, 1*9-151, 159, 188-189-190, 
230 ; 253, 278, 33*, 36*, *17, *68, 
52*, 530, 702, 852 

81 , 102, 15*, 182-185, 2f*, 213, 302, 
355,, 385, 773 

81, 102. 15*, 151, 188, 190, 200, 207, 
213, 253, 278, 283, 296, 35*, 351, 
35*, 36*. 383, *17, *32, *62, *68, 
665, 685, 695, 7**, 793, 8**, 999, 
1035, 1127, 11*8, 1211, 1316 

85*.7 - 857.9 856.05 W 1*9, 309, 665, 995 

http://025.lt
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TABLE I I I (cont . ) 

Gc(Iil) Gate Gated Photcjpeaka Coincident Gamma Rays Observed 
(kuV) (keV) (keV) 

907.6 - 912.6 910.00 11*9, 188, 190, 255, 255, 278, 531*, 
36!*, 586, 665, 365, 920, 91*1 

9l8.it . 926.3 920.62 149, 285, 773, 910, 1059 

923. fc 

939-0 - 9W.3 941.27 149, 910, 1059 

9't6.3 - 951.2 948.57 (*) 14900 , W * ) 
951.3 (*) 

99 J ' .7 - 1001.0 995.1 11*9, T38, 852, 856, 1005 
997.10 (*) 
999-2 

1021.1| - 1026.1* 1025.6 81 , 102, 773 

1033.6 - 1037.T 1055.1* 852 
1035.5 0 0 

1057.6 - 1062.6 1059.69 188, 190, 253-255, 278, 35b, 56k, 586, 
665, 865, 920, 91*1 

1122.9 - 1129.6 1125.46 81 , 11(9, 702, 773, 852 
1127.96 

111(6.5 - 1155.6 1146.97 (*) 86, 149-151, 169, 189, 5'i5, 555(*), 
1148.51 (*) 702, 738, 773, 852 
111*8.89 
111*8.89 

1204.1 . X209.4 1206.60 188, 190, 773 

http://9l8.it
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TABLE III (cont.) 

Ce(Li) Gate Gated Fhotopeak 1 Coincident Gamma Hays Observed 
(keV) (keV) (keV) 

1335.2 - 121*0.7 1237.32 159/ 230, 773 

1312.6 - 1318.5 1315.16 
1316.2 

1318.3 

609, 665, 685, 852 

1351.4 - 133T.5 IS53.8 l4g, 232, 452, 602 

1338.1 - 1344.2 1340.6 773 

1643.7 - 1649.3 1646.01 151, 159, 
354, 364, 

I89, 
468 

250, 253, 278, 35"*, 

I885.6 - 1890.O 1887.70 189, 281, 353 

1933.5 - 1940.8 1936.15 232 

1997.0 - 2003.3 2000.94 169 

When more than one photopeak appears in a gate, the principal 1 3 1 T e 
decay peak is underlined. 

(X) - This is a transition assigned to 1 3 X I decay. 

(*) - This is a transition assigned to l 3 1 T e g decay. 

(+) - This transition is assigned to both "lie" 1 and ^"iee decay. 
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each having a separate placement in the Te m decay scheme. 
It must be noted that in these cases the evidence for an 
unresolved doublet was based in large part on the level 
scheme which had been constructed from a large amount of 
additional coincidence data, and it was required that the 
two separate placements be consistent with all observed 
coincidence relationships. The transition energies were 
determined from coincidence spectra for the four cases in 
which one of the components was very weak relative to the 
other and hence could differ significantly in energy from 
the energy determined for the singles Y-ray peak (149.3-, 
364.98-, 774.1-, and 1316.3-keV). All other energy values 
reported are those from Y-ray singles measurements. The 
Y-ray transition intensities of the 1 3 1 T e m 8-decay compon­
ents of the doublets were determined from the coincidence 
spectra. In the six cases where the doublet involved a 
131 T eg Y _ r a y (j'8.56-, 342.92-, 353.5-, 383.92-, 695.62-, 
and 856.05-keV), however, more precise intensity values 
were obtained I? subtracting the Te 9 decay contribution 
based on the 997.16-keV Te 3 decay transition and the 
data in Table II. 

Before discussing the intensity results in detail, it 
is important to note that the determination of relative 
intensity values from coincidence spectra is not particu­
larly straightforward and is strongly dependant on the 
proposed level scheme. This is illustrated in Figure 23. 
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Figure 

23. A portion of a sample level scheme illustra­
ting some possible coincidence relationships. 
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Assume that a coincidence gate was set on the Y-ray labeled 
"G" and that the doublet Y-ray was oL erved in the resultant 
coincidence spectrum along with the Y-rays labeled "A" 
and "B". "G" has been placed between the levels, "£„" and 
"E,", and the doublet Y-ray has energy, E . Before a re­
lative intensity may be determined, the Y-ray must be 
placed in the level scheme. Assuming that other coincidence 
relationships have determined that the doublet Y-ray is 
not in indirect coincidence with "G" (e.g., the Y-rays 
"A" and "B" are in indirect coincidence), thesre are still 
two possible placements involving possible levels at "E " 
or "E„". The following factors might lead to the upper 
placement from " E v " to "Eg": (1.) " E L " is the ground state 
or within E y of ground; (2.) the doublet Y-ray is also 
coincident with "C" and possibly "A"; (3.) the doublet 
Y-ray is not coincident with "B"; (4.) there exists firm 
coincidence information establishing a level, "E ", but 
not a level, " E x " ; or (5.) the intensity balances for the 
levels, " E u " and " E L " , require, the upper placement. Similar 
factors might lead to the lower placement, although the first 
energy argument would involve the Q B value and the energy 
of "Ep" rather then the energy of "E L"» The placement 
of the doublet Y-ray is of importance as, to determine 
its relative intensity, it is necessary to compare its 
peak area with that of either "A" or "B" in the coincidence 
spectrum, correcting for the detector efficiency as a 
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function of Y-ray energy. The upper placement requires 
comparison with "Ii", and the lower placement requires 
comparison with "A". It should be noted, also, that the 
chosen placement is required to be consistent with all 
observed coincidence relationships. 

Three of the observed doublets are of particular inter­
est or involved special problems in determining the tran­
sition relative intensities. In the first, the 182.25-Jcev 
M4 I.T. transition of 1 3 1 T e m was found to be a doublet 
with a transition between I levels. This doublet greatly 
complicated the determination of the I.T. branch (see 
Appendix II). A gate on the 180-184 keV region resulted 
in observed coincidences which required two placements in 
the I level scheme, one fcr a 182.25-keV transition 
(2114 to 1931 keV) and the other for the 183.11-keV tran­
sition (1980 to 1797 keV). The optimum gate for observing 
the 182.25-keV transition and determining its relative 
intensity was the 132-136 keV gate (134.86-keV "V-ray, 
placed 1931 to 1797 keV), a portion of which is uhown in 
Figure 24. The 182.25-keV peak was compared to the 79.19-keV 
peak (2011 to 1931 keV), and a relative intensity of 19 ± 
5 was deduced. The total singles intensity was 41 t 4 
resulting in an I.T. intensity of 22 * 7. This is in 
excellent agreement with the value of 20 ± 4 which was cal­
culated from the measured I.T. branch and the theoretical 
conversion coefficients (68Ha) for a 182.25-keV H4 transition. 



Figures 

131 n 
A portion of the T e Y~ray spectrum coin­
cident with the 132-136 keV gate showing 
the 134- by 79-keV and 134- by 182-keV 
coincidences. 

A portion of the Te*" y-ray spectrum coin­
cident with the 1643-1650 keV and 791-796 
keV gates. The 791-796 keV gate, having 
audi better statistics, was used to deter­
mine the 364-keV y-ray relative intensity. 

A portion of the Te* Y-r*y spectrum coin­
cident with the 770-776 keV gate. The 773-
by 774-keV, 773- by 712-keV, and 773- by 
•22-kaV coincidences are shown as well as 
the 773- by 152-keV random coincidence. 
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Coincidence spectra revealed the presence of a 364.98-
keV transition in 1 3 1 T e m decay which was not resolved from 
the principal 1 3 1 I decay Y-ray (364.46-keV) in singles 
spectra. Coincidence relationships placed this transition 
from a level at 2011 keV to one at 1646 keV. Figure 25 
shows a portion of the spectra arising from 1643-1650 keV 
(1646,01-keV Y-ray, placed 1646 keV to ground) and 791-
796 keV (793.75-keV Y-ray, placed 1646 to 852 keV) gates. 
The 364.98-keV peak in the 791-796 keV gate was compared 
to the 334.27-keV peak (1980 to 1646 keV), and a relative 
intensity of 31 ± 4 was deduced. When determining the 
ground state 3-branch of Te m by observing growth and 
decay cf I in a 1 3 1 T e n l sample, it was necessary to 
correct the 364-kaV peak area for contribution from this 

To"1 decay transition (see Appendix II). 
The third doublet of special interest is the 773.67-

774.1 keV doublet. Figure 26 shows that a peak at 773.9-
keV was observed in the spectrum from the 770-776 keV 
coincidence gate. Comparison with the 852.21-keV random 
coincidence peak revealed that the 773.9-keV peak was 
not the result of 773.67-773.67 keV random coincidences. 
Other coincidence relationships established levels at 773.67 
and 1547.75 keV. Since the coincidence gate included both 
members of the two Y-ray cascade, the peak consisted of 
equal parts fron both y-i*aya. The measured energy of 773.9-
keV along with the RingIKS energy of 773.67-keV resulted 
in an energy for the other member of the doublet of 774.1-keV. 
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The relative intensity of the 774.1-keV Y-ray waa deter­
mined by correcting the peak for random coincidence contri­
butions (on the baaia of the 852.21-keV random peak), 
dividing by two, and comparing it to the 782.49-keV (1556 
to 773 keV) and 822.78-keV (1596 to 773 kaV) peaka, cor­
recting for detector relative efficiency differences. The 
value thus determined was 14 ± 2 which, when subtracted 
from the singles value of 1000 ± 8, resulted in a relative 
intensity of 986 ± 10 for the 773.67-keV transition (733 
keV to ground). 

The remaining doublets were split in a manner similar 
to the three cases just described. A Y-ray of 149.3-keV 
was observed in the 281-285 keV coincidence gate (283,2-keV 
Y-ray, placed 1980 to 1697 keV) and placed from 1697 to 
1547 keV. Comparison with tha 844.3-keV (1697 to 852 keV) 
and 923.4-keV (1697 to 773 keV) peaka yielded a relative 
intensity valua of 2.0 ± 0.5. A 302.7-keV Y-ray waa obaerved 
in the 820-825 keV coincidence gate (822.78-keV Y-ray, 
placed 1596 to 773 keV), and a 302.41-keV Y-ray appears 
in the decay of l 3 1 I (74Mel). The 302.7-keV transition 
waa plaead from 1899 to 1596 keV, and ita relative intenaity 
was determined to be 1.0 * 0.3 by comparison to the 200.63-
keV transition (1797 to 1596 keV). The 865.3-keV peak in 
•ingles spectra consisted of components from a double 
escape peak and from an 865.1-keV transition which coinci­
dence relationships placed from 1924 to 1059 kaV. The 
907-912 keV gate (910.00-keV Y-»y, placed 1059 to 149 keV) 
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resulted In the observation of ah 865.1-ksV transition 
with relative intensity of 5 U determined by comparison 
to the 920.62-kaV peak (1980 to 1059 keV). The 131G.2-kcV 
transition was observed in the spectrum from the 849-854 
keV gate (852.21-keV Y-ray, predominantly placed 852 keV 
to ground) and placed from 2168 to 852 kev. Its relative 
intensity was determined to be 2.5 ± 0.9 through comparison 
with the 1127.96-keV transition (1980 to 852 keV) whic' 
resulted in a net relative intensity of 18 ± 2 for the 
1315.16-keV transition (1315 keV to ground). The splitting 
of the 852.21-keV and 1148.89-keV doublets was accomplished 
together. Coincidence spectra established a definite 1148-
852 keV cascade de-exciting a level at 2001 kev. Additional 
coincidence relationships along with data from ~ Te y 

decay established levels at both 852.21 and 1148.8) kev. 
(See Section III.C for details of the evidence for tnese 
level placements.) The 995-1001 kev gate (999.2-keV Y-ray, 
placed 1148 to 149 keV) determined the 852.21-keV Y-ray 
(2001 to 1148 keV) relative efficiency as 10 i 5 by com­
parison to the 73B.8-keV peak (1887 to 1148 keV). The 
relative intensity of the 1148.89-keV Y-ray (1148 keV to 
ground! was calculated to be 5 t 6 by performing an in­
tensity balance on the 1148 kev level assuming no direct 
8-feoding to the level. 
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C. Construction of Level Schemes. 
1. Levels of 1 3 1 I Populated in 1 3 1 T e m B-Decay. 
In Figures 27, 28, 29, and 30, I present the level 

131 scheme of I as determined in this investigation of the 
decay of 30-hr 11/2" 1 3 1 T e m . The levels along with their 
properties are tabulated in Table IV. The notation on 
Figures 27-30 is the same as in Table IV. Energies and 
relative intensities of the r-rays are tabulated in Table I 
and presented on the figures vertically above the Y-ray 
transition line with the relative intensity value in par­
entheses. Intensities given on the figures as (205 + 145), 
for example, indicate y-ray intensity plus theoretical 
conversion electron intensity (68Ha), respectively. Energy 
gates were set in the Y-Y coincidence experiment on those 
y-rays depicted with a dot on their upper end, whereas 
those Y-rays observed in the resulting coincidence spectra 
are indicated by a dot at their lower end. Dashed tran­
sitions signify tentative placement and are indicated in 
Table I by parentheses placed around the transition assign­
ment. Dashed levels are placed solely on the basis of 
dashed transitions. In making intensity balances: to deter­
mine direct 3-decay feeding to the levels, I assumed that 
there was no direct 3-decay from the isomer to the levels 
at 149, 492, 602, and 114U keV. The Q g for a 3 1 T e n l is 
2424 * 13 kev, calculated based on the masses of Te 
and 1 3 l X o <71Wa), the Q-value for the 1 3 0 T e (d,p) reaction 
(fi7Grl), the measured Q g of l 3 1 l (5ive, 52Ro), and the 
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Figures 

27. The partial decay scheme of 30-hr 1 3 1 T e m 

including B feedings to the levels between 
ground and 1404 kev. 

28. The partial decay scheme of 30-hr 1 3 1 T e m 

including B feedings to the levels from 
1547 to 1899 kev. 

29, The partial decay scheme of 30-hr ^e" 1 

including S feedings to the levels from 
1924 to 2001 fceV. 

30.' The partial decay scheme of 30-hr * iTe m 

including 8 feedings to the levels from 
2010 to 2333 JceV. 
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TABLE IV 
1 3 1 I Levels Observed in the Beta Decay of 30-hr 1 3 1 T e m . 

Energy r Absolute 
* l eg f t Bote « r 

(teV) (keV) ** 
Beta Assignment 

0 _ 5-2 3.0 10.5 f 7/2* 
149-71 0.01 0 - - a 5/2* 
492.65 0.C5 0 - - a 3 /2* 
602.05 0.06 0 - - a 5/2* 
773-67 O.o; 0 .3 1.3 (9-9) b 11/2* 
852.21 0.03 0.4 1.3 (9-7) b 9 / 2 + 

1005.76 0.07 0.2 0.2 (9-9) b 7/2* 
1059-63 0.04 0 .3 0 .4 (9-5) b 9 /2* 
1148.9 0 .1 0 - - a 7/2* 
1284.0 0.4 -0.04 0.05 (>10.7) c (9/2*) 
1515.16 0.08 0.2 0.4 (9.5) b 9 /2* 
1376.8 0.4 -0.06 0.04 (>11.0) d (9/2*, 7/2*) 
1405-7 O.J 0.008 0.04 (10.7) b 7 /2* 
1547.75 0.10 0.004 0.2 (10.8) b 11/2* 
1556.16 0.07 -0 .3 0.2 (>10.8) a 15/2* 
1596.4} 0.07 -0 .5 0.3 (>10.7) ct 13/2* 
1622.6 0.2 -0.02 0.05 (>9-8) c (11/2*, 13/2*. 9/2*) 
1646.01 0.08 2.6 0.9 7-7 11/2" 
1697.1 0.2 -O.Ol 0.2 fe8.8) c (9/2*. U/2*) 



Entr,jy (p Absolute 
(H«v) (keV) Beta 

1761.6 0.2 0.04 

1797-or 0.08 0.3 
1680.I 0.3 -0.02 
1887.70 0.07 1.3 
1899.15 0.07 16.1 
1924.57 0.11 2.1 

1931.93 0.10 -0.05 
1936.15 0.09 0.01 
1974.25 0.20 0.09 
1980.25 0.10 37.1 
2000.94 0.06 5-4 
2010.99 0.08 2.6 

2063.3 0.2 0.5 
2114.17 0.14 2.0 
2168.54 0.09 1.1 
2170.65 0.12 0.5 
2176.4 0.2 0.2 
2241.64 0.13 0.4 

2270.65 0.09 0.6 
2332.75 0.4o C.07 

TABLE IV (cunt . ) 

9- 1 U ft 

0.06 (9.3) 
0.7 (3.3) 
0.024 (>10.0) 
0.2 7.5 
0.2 6J» 

0.5 7.2 

0.3 (>8.l) 

0.05 (9-4) 

0.05 8.4 

1-9 5.8 
0.6 6.5 
0.5 6.8 
0.03 7.4 
0.4 6.5 
0.2 6.5 
0.1 6.8 
0.04 7.2 
0.1 6.5 
0.1 6.1 
0.04 6.4 

u ti- JIT 

Alignment 

b (11/2*, l 5 / 2 + ) 
b 1 5 / 2 -

(9/2*, l l / 2 + ) 
9/S' (+), ll/2* 

13/2" 
1 1 / 2 - , 9 /2" 

0 15/2" 
b 9 / 2 + , 7 / 2 + 

11/2", 15/2 _ 

l l / 2 " 

9/2" 
13/2" 

(11/2- , 9 /2 _ ) 
(13/2") 

9/2* 
(11/2-) 

(11/2-, 13/2 ' ) 
(11/2") 

9/2-
(9/2") 
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isomar baing at 182 kaV. The Qg value for 1 3 1 T e m of 2434 
1 6 of Hapstra tind Gove (71Na) and the logf" tables of 
Gove and Martin (71Go) wara used to calculate logft values. 

The positions of the first three excited states have 
bean firmly established by 1 3 1 T « 9 decay scheme studies (71Mal, 
65Ha) and by 1 3 0Ta <3Ke,d) 1 3 1 I reaction studies (68Ju>). 
The two states at 773.€7 and 852.21 keV are established 
by the strong intensities of the two Y-raya of these ener­
gies, the absence of any coincidence between them, as well 
as a 149.71- by 702.50-kaV coincidence. 

The level at 1005.76 keV is placed on the basis of a 
Y-ray of this energy and a 149.71- by 856.05-keV coinci­
dence. In additiont these transitions ara observed in 

Te' decay, and several weak YTays observed in Te 9 

131 
decay fit between established low-spin I levels and a 
level at 1005.76 keV. The level at 1059.69 keV is placed 
on the basis of a Y-ray of this enorgy as well as 149.71-
by 910.00- and 152.21- by 207.5-keV coincidences. 
The level at 1315.16 keV is established on the basis of 
a Y-ray of this energy as well as numerous coincidences 
including 1059.69- by 255.44- , 1005.7- by 309.45- , 
•52,21- by 462.92- , and 602.05- by 713.10-keV. The 
level at 1403.7 keV is established on the basis of a Y-ray 
of this eftesgy and a 149.71- by 1254.2-keV coincidence. 
The level at 1547.75 keV is established by • Y-ray of 
this energy aa wall as 773.67- by 774.1- and 652.21- by 
695.62-kev coincidences. For all five of these levels 
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the transition to ground does not appear in coincidence 
with any transitions originating at levels of lower energy. 

The levels of 1556.16 and 1596.43 keV are placed by 
strong 773.67- by 782.49- and 773.67- by 822.78-keV 
coincidences as well as a strong 852.21- by 744.20-koV 
coincidence. The level at 1646.01 keV is placed by a 
strong r-ray of this energy as well as 852.21- by 7S2.75-
1059.69- by 586.30- , and 149.71- by 1496.5-keV coin­
cidences. In addition, a high-spin level at 1638 * 10 keV 
was observed in the ( He,d) reaction work (68Au). The 
level at 1697.1 keV is established on the basis of a Y-ray 
of this energy as well as coincidences indicating feeding 
to the levels at 773.67 and 352.21 keV. The level at 
1797.07 keV is placed on the basis of coincidences between 
the 200.63-keV Y-ray and the 822-773 keV cascade as well 
as coincidences between the 240.93-keV Y-ray and the 782-
773 keV cascade. This level has bean observed to have a 
half-life of 6 nsec (70Ap2). 

The 1887.70, 1924.57, 1980.25, and 2168.54 keV levels 
are all placed on the basis of Y-raye of these values, 
coincidences indicating feeding to the level at 773.67 keV, 
as well as numerous other coincidences indicating feeding 
to other established levels. The level at 1899.13 keV is 
established on the basis of numerous coincidences, includ­
ing 773.67- by 1125.46- , 782.49- by 342.92- , 1646.01-
by 253.17- , and 200.63- and 240.93- by 102.06-keV. 
The level at 1931.93 keV is placed on the basis of coin-
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cidences. Including 773.67- by 1125.46- , 782.49- by 
342.92- , 1646.01- by 253.17-, and 200.63- and 240.93-
by 102.06-keV. The level at 1931.93 keV is placed on the 
basis of coincidences indicating feeding to the levels at 
1596.43 and 1797.07 keV. The level at 1936.15 keV is 
placed on the basis of a Y-ray of this energy as well as 
602.05- and 452.30- by 1333.8-keV coincidences. 

The level tt 2000.94 keV is placed on the basis of a 
strong Y-ray of this energy as well as numerous coincidences, 
including 1005.7- by 995.1- , 1059.69- by 941.27- , 
1315.16- by 685.9- , and 1646.01- by 354.7-keV. The 
levels ac 207.0.99, 2063.3. and 2170.65 keV are all estab­
lished on the basis of coincidences indicating feeding to 
the 1646.01 keV level as well as to numerous other pre­
viously established levels. The level at 2241.64 keV is 
placed on the basis of 1887.70- by 353.5- and 1237.32-
by 230.65-keV coincidences. The level at 2270.65 keV is 
placed on the basis of a Y-ray of this energy as well as 
coincidences between the 345.9-kev Y-ray and the two strong­
est transitions out of the level at 1924.57 keV. 

The coincidence spectra indicate a strong 1148.89- by 
852.21-keV coincidence, and this cascade is a major mode 
of deexcitation of the level at 2000,94 keV. I have, 
however, pieced levels at both 853.21 and 1148.9 keV. A 
level ut 852.21 keV is established; by numerous coincidences 
between the 852.21-keV Y-ray and other Y-rays (such ast 
1127.96- , 1035.4- , 144.9- , and 792.75-keV) which 
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wiicn added to 2000.94-keV result In a value greater than 
0. and which cannot deexclta a level at 1148.9 keV. The 
level at 1148.9 keV is established on the basis of the 
following coincidence» 1) 149.71- by 999.2-keV (- 1148.91 
keVJj 2) 1148.89- by 738.8-keV (- 1887.69 keV); 3) 999.2-
by 852.21-keV (deexciting 2000.94 keV level)t 4) 602.05-
by 546.7-keV (- 1148.75 kaV)i and, 5) 999.2- by 738.8-keV. 
In addition, the Ta 9 decay data indicates the presence 
cf the 999.2-keV transition as wall as two doublets (278-
280 and 351-353 keV) which may be placed from established 
low-spin levels to an established level at 1146.95 keV and 
a now level at 1148.9 keV. The splitting of the 852.21 and 
1148.89-keV doublet* in 1 3 1 T e m decay given in Table I is 
based on relative intensities from coincidence spectra and 
on calculating an intensity balance assuming no direct 
8-decay from the isomer to the 1148.9 kaV level. 

Of the remaining eight levels shown in Figures 27-30, 
and in Table IV, the levels at 1376.8, 1880.1, and 2332.75 
keV are established on the basis of Y-raya of these energies 
which were not observed in any coincidence spectra, in 
addition, each level is the result of one or more sums 
involving Y-raya not assigned to previously established 
levels. The remaining five levels, 1284.0, 1622.6, 1761.6, 
1974.25, and 2176.4 keV, are placed solely on the basis of 
a number of sums and differences involving Y-rays not 
assigned to previously established levels. 
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2. Levels of 1 3 1 I Populated in 1 3 1 T e g g-Decay. 
In Figures 31 and 32, I present the level scheme of 

1 3 1 I as observed in the 0-c.ecay of 25-min 3/2+ 1 3 1 T e g . 
The levels along with their properties are tabulated in 
Table V. The notation is the same as that used in Figures 
27-30 and in Table IV. The energies and intensities of the 
Y-rays are tabulated in Table II and presented on Figures 31 
and 32 as on Tigures 27-30. The Q g for 1 3 1 T e g is 2242 ± 13 
keV, calculated as described in the preceding section. 
(The value of 2252 ± 6 keV of Wapstra and Gove (71Wa) was 
uied in iogft calculations.) The 8-branch values are based 
on a zero direct g-feeding from Te g to the I ground 
state (G3De), and the logft values were calculated using 
the logf" tables of Gove and Martin (71Go). 

For the ground state decay of Te, most of the levels 
were established by the decay scheme work of Macias. and 
Walters (71Hal) and the ( He,d) reaction work of Auble 
at al. (68Au). I have observed a number of previously 
unobserved weak ̂ -transitions and have placed six new 
levels. Three of these, 852.21, 1005.76, and 1148,9 keV, 
were also observed in Te m B-decay. The level at 17 57.9 
keV is placed on the basis of two Y-rays which may feed 
the levels at 492.66 and 149.716 keV. The levels at 2040,8 
and 2072,6 keV are placed on the basis of y-rays of these 
energies as well as three additional transitions apiece. 
In addition, th« (3He,d) work placed a level at ?040 ± 15 
keV <68Au), The newly observed weak v-rays were placed on 
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figures 

31.. The partial decay scheme of 25-min Te 9 

including 8 feedings to the levels between 
ground and 1347 HeV. 

32. The partial decay scheme of 25-mir. 
including 8 feedings to the levels from 
1427 to 2073 keV. 
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TABIE V 

1 3 l I Levels Observed in the Beta Decay of 25-min 1 3 1 T e s . 

Energy » ? Absolute ^ log f t Note J * • 
(keV) (keV) Beta 1 5 Assignment 

0 — 0 — c 7/2* 
149.T16 0.005 59-7 0.6 6.15 ? /2* 
492.66 G-01 0.8 o.l 7.72 3/2* 
602.04 0.01 21.7 0.2 6.17 5/2* 
852.21 0.06 0.001 0.020 (10.1) d 9 /2* 
676.72 0.02 1.3.7 0.05 7.14 1/2* 

1005.76 0.04 -0 .01 0.05 (>8.5) e 7/2* 
1098.26 0.02 2.56 0.04 6.51 3/2* 
1146.95 0.02 9-9 0.2 5.70 5/2* 
1148.9 0.1 -0.02 0.03 (>8.8) e 7/2* 
1298.23 0.03 0.5 0 .1 6.90 3/2* 
1346.49 0.06 0.12 0.02 7.46 1/2* 
1427.14 0.03 1.33 0.07 6.26 5/2* 
1444.05 0.03 1.17 O.06 6.28 5/2* 
1500.62 0.03 0.40 0.04 6.64 5/2* 
1677.45 0.05 0.06 0.01 7.05 3/2*, 5/2* 
1718 10. — — f 1/2* 
1757.9 0.1 0.034 0.007 7.07 1/2*, 5/2*, 5/2* 



TABLE V (cont.) 

Energy a 
0- Absolute a 1-g f t Bote J i r 

(keV) (keV) B e t a b Assignment. 

1800.7 0 .1 0.C7 0.02 6.61 3 / 2 + , 5/2* 
acAo.8 0 .1 0.013 0.005 6.29 3 / 2 + , 5 / 2 + 

20T2.6 0 .1 0.021* 0.006 5-80 3 / 2 + , 5 / 2 + 

Al 1 uncertainties are one standard deviation. 

This is the number of betas direct to this level per IOC' decays of 1 3 ZTe". 

A zero beta feeding to this level was assumed. 

The intensity balance gives a positive beta branch, but due to the large uncertainty value a zero 
beta branch cannot be ruled out. 

The intensity balance gives a negative beta branch. The log £t limit is t e result of adding the 

uncertainty value to the calculated value. 

This level was seen in (3He,d) reaction studies, however there was no definite evidence for this level 
in this study of 1 3 1 T e f c decay. 

V* 
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the basis of precise sums and differences. 
I have reassigned the 1579.94-keV transition which was 

used by Macias and Walters (71Mal) to place a level at 
1729 keV. Their observation of a 149- by 1579-keV coinci­
dence waB marginal, and I was unable to detect this coinci­
dence. A search for any other possible transitions deexcit-
ing a level of this energy proved unsuccessful. The ( fle,d) 
reaction work placed a level at 1718 t 10 kev with an assign­
ment of 1/2 and a relatively large spectroscopic factor 
(0.31). The most probable transitions from such a level 
would be to the 149 keV level (1569 ± 10 keV) or the 493 
keV level (1226 t 10 keV). A close examination of the 
singles spectra resulted in upper limits for such tran­
sitions of ly (1569) <0.02 (in two spectra) and IY (1226) 
<0.01 (in all spectra). 

D. Spin and Parity Assignments. 
The spin and parity assignments of the I levels seen 

in the decay of 25-min 3/2+ 1 3 1 T e g are presented in Figures 31 
and 32 and in Table V. These assignments are essentially 
taken from the work of Macias and Walters (71Mal), The 
assignments of the three newly observed levels seen also 
in the Te m decay study will be discussed in the context 
of the decay scheme of the 11/2" isomer. The level at 
1757,9 keV is assigned as l/2+, 3/2+, or 5/2+ based on a 
logft value of 7,07, indicative of allowed B-decay, With 
logft values <6,3 and direct transitions to the 7/2+ ground 
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state, the levels at 2040.8 and 2072.6 keV are assigned as 
3/2+ or 5/2+. The levels at 1146.95 and 1427.14 keV <3/2+ 

or 5/2 in Macias and Walters) are assigned as 5/2* based 
on the observation of transitions to the 9/2 state at 
852.21 keV. The remaining levels previously assigned as 
3/2+ or 5/2+ have been given one or the other assignment 
based on branching ratios to 1/2 and 7/2 states and on 
systematic considerations. These levels may well have 
either assignment however. 

The spin and parity assignments of the levels of 
1 3 1 I observed in the 6-decay of 30-hr ll/2~ 1 3 1 T e m are 
presented in Figures 27-30 and in Table IV. These assign­
ments are based on logft values for th» B-decay of the 
11/2" isomer (Nota bene: A survey of 29 first-forbidden 

125 
transitions in the B-decays of the nearby nuclei; Sb, 
1 2 5Sn 9, 1 2 7Sn g, 1 2 7 T e m , and 1 2 9 T e m reveals no logft values 
less than 8.0 (72Au2, 71Ka, 70Apl, 71Apl, 74Ap, 72Ka, 74Mal>.), 
the y-ray deexcitation patterns between levels, and the 
earlier conversion electron measurements (65De, 67Be2). 
The assignments for the ground state and the states at 
149.71, 492.65, and 602.05 keV are taken from the 1 3 X T e g 

decay scheme work (65Wa, 71Hal). 
All of the levels from **73.67 to 1403.7 keV are limited 

to spin and parity values of 7/2+, 9/2+, and ll/2+ by their 
prompt K transitions to the 7/2 ground state, the lack 
of observed direct 8-feeding in the decay of 25-min 3/2 
- Te g, and their y feeding from numerous high-lying levels 
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with spin values of 9/2, 11/2, and 13/2. The even parity 
assignments are consistent with the logft values ranging 
from 9.5 to >11.0 reflecting first-forbidden B-decay. 
The levels at BS2.21, 1059.69, 1315.16, and 1376.8 keV are 
assigned as 9/2 based on their prompt decay to the 5/2 + 

state at 149.71 keV and their Y-feeding from the 11/2 ~ 
state at 1E46.01 keV (although the 1376.8 keV level may be 
7/2 as the 269.2-keV Y-transition is dashed in and is 
placed twice). The state at 1284.0 keV is assigned as 
9/2 based on decay to 5/2 states and feeding from the 
11/2" level at 1646.01 keV. Tha states at 1005.76, 1148.9, 
and 1403.7 keV are assigned as 7/2 based on Y-feeding from 
9/2 ~ states, the lack of feeding from 11/2" states, and 
their pattern of strong decay branches to the 5/2 E02.05 
keV level. In addition the 1005.76 and 1148.9 keV levels 
are fed by several 3/2* or 5/2 + levels in 1 3 1 T e g decay. 
The level at 773.67 keV is assigned as ll/2 + based on the 
absence of any transitions from or to any 3/2 + or 5/2 + 

levels, and on the systematic presence of an ll/2 + level 
127 129 

in I and I firmly established by (n,n" Y), YY", and 
Coulomb excitation studies (72Au, 72Ilo). 

The state at 1646.01 keV was observed in the ( He,d) 
work of Auble et al. (68Au). They reported an £ value of 

2 5 and a spectroscopic factor (C Sj) of 0,70. They assigned 
the state as 11/2"" and interpreted it as being predominantly 
«ll/2 single particle in character. The logft value of 7,7 
is somewhat high for an allowed (^transition but is considerably 
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lower than the values for the first forbidden B-transitions. 
Allowed B-transitions with logft values as high as 9.7 have 
been found in the decay of 9.4-hr 1 2 7 T e 9 (70Apl, 71Apl). 

The ten states, 1899.13, 1980.25, 2000.94, 2010.99, 
2114.17, 2168.54, 2170.65, 2241.64, 2270.65, and 2332.75 
keV, all have logft values <6.8 and are assigned spin and 
parity values of 9/2", 11/2", or 13/2" consistent with 
allowed fi-decay from 11/2" 1 3 1 T e l n . The four states with 
large Y branches to the 7/2 ground state, 2000.94, 2168.54, 
2270.65, and 2332.75 keV, are assigned as 9/2". The states 
at 1980.25, 2170.65, and 2241.64 keV lack or have very weak 
branches to the ground state, lack branches to any of the 
7/2 + excited states, and have strong branches to various 
of the low-energy 9/2 + states. They are assigned spin and 
parity of 11/2". The remaining three states, 1B99.13, 
2010.99, and 2114.17 keV, are assigned spin and parity of 
13/2~ on the basis of a lack of observed branches to any 
7/2* or 9/2* states and the presence of strong branches 
to the 773.67 k«V 11/2* state. These assignments are all 
consistent with the conversion electron measurements (6SDe, 
67fie2) which indicate the 61.14-keV transition (1980 to 
1646 keV> to be HI + E2, 

The conversion electron measurements have shown the 
102.06-keV transition (1899 to 1797 kev) to be pure Ml and 
the 200.63-keV (1797 to 1596 keV) and 240.93-keV (1797 to 
1556 keVJ transitions to be Bl. Tnus, the level at 1797.07 
keV must be of odd parity while the levels at 1556.16 and 
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1^96.43 keV must be of even parity. The assignment of 
13/2" to the 1899.13 keV level restricts the 1797.07 keV 
level to spin values of 11/2, 13/2, and 15/2. The half-
life of the 1797.07 keV level has been measured to be 
6 nsec (70Ap2). The upper limit for the intensity of a 
1797.07-keV transition to ground was determined to be 
<0.1 intensity units. This results in a partial half-life 
for the 1797.07-keV transition of >2S usee. The theoretical 
single-particle half-lives (with statistical factor omitted) 
(67Le> for an M2 (11/2" to 7/2+) or E3 (13/2" to 7/2+) 

—11 -9 
transition of this energy are 1.2 x 10 sec and 5.9 x 10 
sec. respectively. Thus, the hindrances would be >2 x 10 
and >4200, respectively. The partial half-life of the 
1023.6-kev transition to the U / 2 + level at 773.67 kev is 
1.5 usee. The theoretical single-particle half-lives 
<67Le) for an El (11/2" to ll/2 + or 13/2" to il/2*), M2 
(15/2" to ll/2 +), or E3 (15/2* to li/2 +), transition of 
this energy are 1.6 x 10 sec, 2.0 x 10 sec, and 3.1 

—7 10 
x 10 sec, respectively. The El hindrance would be ~10 , 
whereas the M2 hindrance would be ^7500, and the E3 hindrance 
would be 15. We, therefore, propose a spin and parity 
assignment of 15/2" for the 1797.07 fceV isomeric level as 
feeing most consistent with known trends of observed and 
theoretical Y-transition rates (65Go, 65Mo). I take the 
logft value of 8.3 as a lower limit due to the large uncer­
tainty involved in the intensity balance for this level. 
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The level at 1547,75 XeV is assigned an 11/2 on the 
basis of transitions to 7/2+, 9/2+, and ll/2+levela, feeding 
from 11/2" and 13/2" levels, and a logft value of 10.8. 
I favor assignment of 11/2* to the levels at 1622.6 and 
1761.6 keV on the basis of logft values and transitions 
to only the ll/2+ level at 773.67 keV, although 9/2" and 
13/2* assignments are not ruled out. The level at 1697.1 
keV feeds levels with assignment!! ll/2+, 11/2", 7/2+, and 
9/2+ and is fed from 9/2" and 11/2" levels. I favor an 
assignment of 9/2 but cannot rule out 11/2 . With a logft 
value of 9)10.0 and transitions to 7/2+ and 9/2+ and feeding 
from an 11/2" level, I assign a value of 9/2+ or il/2+ to 
the 1860.1 keV level. The logft value of 7.5 and strong 
transitions to 7/2+, 9/2+, and il/2+ levels as well as 
feeding from 9/2~ and 11/2" levels leads to .\ preferred 
assignment of 9/2" for the 1887.70 koV level. However, I 
cannot rule out 9/2+ or 11/2*, although these two assign­
ments are unlikely in view of th^ logft values for first 
forbidden B-tr insitions already observed in 1 3 l T e m decay. 

The logft value of 9.4 and strong transitions to 5/2+ 

and 7/2+ spates as well as feeding from a 9/2" state leads 
to assigning the 1936.15 keV state as 9/2* or 7/2+. The 
state at 1931,93 kaV is assigned as 15/2" on the basis of 
observing transitions only to levels with spin and parity 
15/V", 15/2* or 13/2+ and feeding only from 13/2" levels. 
The states at 1324.57 and 2063.3 keV are assigned as 11/2" 
or 9/2"" on the basis of logft values suggesting allowed 



142 

6-decay and Y-transitions only to levels with spin and 
parity values of 11/2", ll/2 +, or 9/2 +. The levels at 
1974.25 and 2176.4 keV feed 15/2" and 13/2* levels and are 
fed reasonably strongly in B-decay. I, therefore, assigned 
these levels spin and parity values of ll/2~ or 13/2". 

E. Discussion. 
The excited states of I may be separated into several 

major categories: single quasi-particle proton states, single 
proton plus Te core collective excitation states (large. " 
even parity), proton thi->e quasi-particle states, three 
proton quasi-particle plus Sn core collective excitation 
states, and three quasi-particle states constructed from 
one-pro'con-two-neutron (itv.v ,) configurations (largely 
odd parity). This study of the decays of the 11/2" and 

+ 131 
3/2 isomers of Te has offered the opportunity to examine 
the character of a large number of states of I. Includ­
ing the results of the earlier Te ( He,d) reaction work 
(68ftu), there are now a total of 55 excited states placed 

131 
in * I below 2,4 MeV. These levels have spin and parity 
<Jn ) values ranging from l/2 + to 15/2 + and from 9/2" to 
15/2". 

131 
In Figure 33, I compare tt.e levels of I below ;i.9 

129 
MeV with the levels of * " i observed in the decays of 69-
win 3/2* 1 2 9 T « 9 <72Wa) and 34,1-day 11/2" l 2 9 T e m (74Hal) 

128 3 
and in the Tm{ He,d) reaction (68Au), Also shown are 
the low-lying #ven parity excited states observed in the 
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Figure 

33. The levels o£ 1 3 1 l (this work and 68AuJ 
129 

compared fr> the levels of I (72Wa, 
74Hal). Also shown are the even-even 
Te core states (7lSe, ?2Kel, 72Ke2, 
73Aulr 74Hi. 74Ke). 
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even-even cores, 1 2 8 T e and 1 3 0 T e (71Se, 72Kel, 72Ke2, 73Aul, 
74Hi, 74Ke). The notation of the l9 7/ 2» 2 d s / 2 ' l hll/2' 
and 3a,,, single quasi-particle levels is made for the levels 
of the appropriate spin and parity ha' iug the largest spec-

*3/2 
129 131 

in both I and I remains uncertain as the single par­
ticle strength is split between a large number of 3/2 
states (68Au). The single quasi-particle levels are seen 

129 131 to rise in energy from I to I. This continues a 
127 

similar behavior seen when going from " ' i (70Apl, 71Apl, 
129 £8Au, 72Aul) to I. Qualitatively, the level structures 

of 1 2 9 I and 1 3 1 I are seen to be quite similar. The 1 2 9 I 
level structure is lacking in observed high-spin ( >13/2) 
states and in odd parity states, but this is understandable 
as the Qg of 1 2 9 T e r o is only 1602 keV (71Wa). 

There is a general increase in energy of all of the 
129 131 

positive parity levels from I to I wluch parallels 
the increase in energy of the collective core excitations 

j. J. j. 128 

(2 one-phonon and 4 , 2 two-phonon states) from Te to 
Te. This systematic behavior is presented in greater 

detail in Figure 34 which shows the lowest lying 5/2 , 7/2 , 
9/2 +, and U / 2 + levels in 1 2 7 I <68Au, 70Apl, 7lApl), 1 2 9 I 
(72Wa, 74Mal), 1 3 l I , and 1 3 3 I (75Lal) along with the appro­
priate Te core 2j spacing (73Aul, 73Au2, 74Hi, 74Ke) above 
the 197/2 a n d 2 d5/2 s i n 9 l u quasi-particle levels. The 
positive parity states appear to behave as if they result 
from the coupling of the core excitations to the single 
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Figure 

34. Even parity level systematica of the odd-
mass iodine nuclei (this work, 68 Au, 70Apl, 
71Aplr 72Wa, 74Mal, 75Lal). Also shown is 
the appropriate Te core 2t spacing (73Aul, 
73Au2, 74Hi, 74Ke) above the lg 7/ 2 and 
2 d5/2 s i r 9 l e qu&si-yarticle levels in each 
nucleus. 
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quasi-particle states. It may be noted in particular that 
the ll/2 + and 9/2+, levels appear to be phonon-plus-lg7 , 2 

states and that the 7/2, and 9/2, levels appear to be 
phonon-plus-2dc/2 states. The 5/2 levels also appear to 
follow the general trend, but, as will be shown later, no 
single-particle-plus-phonon calculation predicts a 5/2* 
state lying within 400-500 keV of the 2d. *2 state as is 
observed experimentally. 

The general features of the level structure of I 
may be understood in terms of the single quasi-particle 
proton states coupling to core excitations or to two 
quasi-particle states in the Ts core. In Table VI,I 
show the spins, parities, and configurations expected in 
the low-lying Te level structure along with the energies 
of those states which have been observed. Not all of these 
states have been observed and identified in Te: however, 
an examination of t-ho structure of the even-even Sn isotopes 
for A = 122, 124, ind 126 and the even-even Te isotopes 
for A= 122, 124, 126, 128, and 130 (72Be, 73Aul, 73Au2, 
73Be, 74Hi) indicates that most of these states are present. 
The coupling of these core states to the single quasi-particle 
proton states results in a large number of states of even 
parity ranging from spins of 1/2 to 27/2 and of odd parity 

ranging from 1/2 to 21/2. 
130 In To, the one phonon and two phonon excitations 

both lie lower than the lowest observed two quasi-particle 
level, a 6* state at 1815 keV isee Figures 33 and 36 ) . 
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TABLE VI. 

Possible Low-lying States In 1 3 0 T e 

and the Energies (in keV) of those States Observed in 1 3 0 T e . 

Type uf excitation 
•JT 

Particle configuration 
Jlf of resultant states 

One phunun 

TW- pn.imm 

Octup^lo 

a+(839) 

a+(158B) 1*(163S) 

5"(273a) 

V d h u / 2 ) 8 

V ( l h u / 2 , M ^ J 

V(lh. ]/s ' I'h/s' 

V(2J; i/? ' 5 V e l*] 2* 
HloBO) 

V 5 

5 ' j 

U 7/3 ' SS/?J tf(u7h , a w i + J 2+ j + (, +

 5

+ 

6" r t a i^T) 
(2100) 

6" 

•(1815) 

10 



TA3LE VII. 

The distribution of even parity states of 1 3 1 I below »*2 MeV predicted by zeroth-order coupling of the 
one-phcnon and two-phcnon excitations in 1 3 0 T e vith the lg~/„ and 2d r/„ shell model orbitals, and by 
the (l£_ j„) configuration and the coupling of the particular configuration, (l£»/_) 5/2* to the 
cne-phonon excitation In 1 2 s S n . The 3s, in a n i J 2 l 

included. The nuriber of observed levels of each 3tf is also 
&,/, single protcr- shell model orbitals are also 

shown (this work and 68Au). 

Theor. Cbs. 
JIT One One 

Phonon Phcnon 

1/2* 1 1 
3/2* 2 2 
5/2* 2 2 
T/2* 2 2 
9/2* 2 2 
U/2 + 1 1 
13/2* ... 
15/2* 

Theor. Theor. Observed 
(K^/,,) 5 fa7/2)3 bSj/zftfe* T"° High Energy 

+ Sn Phoncn Phonon Even Parity States 

Includes the Js, /„ shell-model orbital. 

Includes the 2d, / shell-model orbital. 

Indicates states which are assigned 
more than one possible JIT value. 
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Figure 

131 
35. The even parity levels of 4"",i (this work 

and 6BAu). On the left are the even parity 
1 3 0 T e core states (72Ke2, 74Hi, 74KeJj and 
in the center are the state* arising from 
a zeroth-order coupling of the Te core to 

131 
the l<J 7 / 2 * A d 2 d 5 / 2 * t a t e s ^ I , and 
of the Sn core 2J to the ( l g 7 / 2 > 3 5 / 2 + 

in 1 M I . 
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Thus, although one expects a certain amount of configura­
tion mixing at higher energies, it appears probable 

131 
that the phonon states in I should be identifiable, 
particularly the one-phonon excitations. In Table VII 
I show the distribution of states resulting from coupling 
the Te one- and two-phonon excitations to the I97/2 
and 2d,,, single quasi-particle states and from a 
(nig..,) 5/2 configuration and its coupling to the 2 128 onc-phonon state in Sn, along with a count of the 
numbor of states of each spin and parity observed in 
l 3 1 l below 2.0 MeV. This is illustrated schematically 
in Figure 35 which shows the observed even parity states 
in 1 3 0 T e (72Ke2, 74Hi, 74Ke), the result of a zeroth-order 
coupling of these states with the 7/2* and 5/2* states 
{ground and 149.71 keV) in 1 3 1 I , the result of a zeroth-
ordor coupling of the observed 'irlg7 ,_) 5/2* state 
(602.05 keV) with the 1 2 8 S n ono-phonon state, and the 

131 
observed levels in I below 2.0 MeV. The connections 
betwaer. states are made on the basis of possible spin 
values, level systematic? (Figure 34), and on the de-
excitation branchings of the observed states to the 7/2 + 

and 5/2 single quasi-particle states. It may be observed 
that all ten states resulting from the coupling of the 
two 
130, 
two single quasi-particie states to the 2 one-phonon 

To core state have been identified and that the second 
phonon excitation can account for the remaining observed 
even parity states. Host of the "missing" states are 
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7/2 + which are very difficult to observe in the B decay 
of 3/2* or 11/2" isomers or in the 1 3 0 T e <3He,d) reaction. 

In rigure 36 I show a comparison of the experimental 
131 

even parity levels of I with the detailed calculations 
of Rustgit Lucas, and Mukherjee (03Ru: proton plus To 
core)r Kisslinger and Sorenson (63Ki: quaai-particie plus 
Te phonon), and Almar, Civitarose, and Krmpotic (73A1: 
three-proton cluster plus Sn core phonon). The agreement 
between theory and experiment is reasonable, however 
the positions of some states are not identified in the 
theoretical calculations, namely the 13/2 and 15/2 + 

states and some of the 9/2 or 11/2 states. Some of 
these states were not calculated, as the core states 
used included only first and second phonon states and 
the models used are not very realistic at high excita­
tion energies (6BRu, 63Ki). The three-proton cluster 
plus Sn core model clearly gives the best explanation 
of the observed density of even parity states, and pre­
sumably extensions of this model to higher spin states 
and higher excitation energies would improve the fit to 
the experimental levels. 

Only the three-proton cluster plus Sn phonon model 
predicts a 5/2 + level in the vicinity of 500-600 keV. 
iSuch a level is observed experimentally at 602,05 keV 
and is thought to be predominantly (lg 7y 2) 5/? in 
character (as labeled in Figure 3< ). The three-proton 
cluster models predict that the 5/2"*" coupling will be 
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Figure 

36. Comparison between the experimental even 
parity states in J i l <thit work and €8Au) 
end three different theoretical calcula­
tions (63Ki, 68Ru, 73A1). 
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the lowest lying of all the states arising from a <lg7/2' 
three-proton configuration (73A1, 73Pa, 73Va, 74Ku2, 74Va). 
In odd-A iodine nuclei the 5/2* states, in particular! 
seem to exhibit behavior suggesting coupling between a 
three-proton state and the Sn core phonon. This is 
illustrated in Figure 37 which presents the first four 
5/2+ ctates in 1 2 7 I (68Au, 70Apl, 71Apl), 1 2 9 I (72Wa, 
74Hal), 1 3 J I , and 1 3 3 I (75Lal) with the energy base 
(E = 0 keV) being the first 5/2+ state. For comparison, 
the first-plionon 2 + state in the appropriate Te and Sn 
core (73Aul, 73Au2, 73Bo, 74Hi, 74K4) is also indicated. 
The upper two 5/2 states clearly follow the systematic 
behavior of the Sn core phono.i rather than that of the 
To core phonon, suggesting that the Sn core excitation 
is of importance in their configurations. In contrast 
with the behavior of the 5/2* states, the first l/2+ 

state in the iodine nuclei is seen to correlate better 
with the Te core phonon, suggesting that it results 
from the coupling between the 2d5 , 2 single proton state 
and the Ta core phonon. Finally, it may be noted that, 
using this energy scale based on the first 5/2 state, 
the first 11/2 state does not correlate with either 
core phonon. This is understandable, as the maximum 
spin which can result from a 5/2 to 2 coupling is 9/2. 
For the H / 2 + state to be a vibrational excitation it 
roust involve the *3-i/2 single proton configuration, and, 
in fact, this appears to be the case (see Figure 34), 



Figure 

. The systematic! of the 5/2 states observed 
in the odd-mass iodine nuclei (data from 
this work and 68Au, 70Apl, 71Apl, 72Wa, 74Mal, 
7SL«1). The first 5/2* state is taken to be 
sero keV on the energy scale. For comparison, 
the first 2* states in the appropriate Sn and 
Te cores are also shown. The position of the 
i/2+ r.nd of the first ll/2+ stato is also in-
dicated. 
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In contrast with the even parity levels, the odd 

131 parity levels observed in I have not been the subject 
of any detailed theoretical calculations to predict 
level properties and configurations. It may be noted, 
however, that low-lying odd parity states may arise 
from only three types cf possible couplings. First, 
the lg 7/ 2

 o r 2 d5/2 B i n 9 l e proton state may couple with 
the collective 3" octupole excitation of the Te core. 
Second, the In.,,- single proton state may couple with 
the 2 + one-phonon Te core excitation. And third, the 
lg_ ,„ or 2d5 ,, single proton state may couple with the 
odd parity two-neutron states in the Te core, resulting 
in odd parity levels having mi,v„ three quasi-particle 
configurations. The distribution of all possible result­
ing odd parity states is tabulated in Table VIII. 
Figure 38 depicts this schematically for couplings in­
volving only the observed odd parity excitations in the 
1 3 0Te core (72Ke2, 73Aul, 74Ke, 75Ma>. The observed odd 
parity states in T are also presented. An examination 
of Table VIII and Figure 38 indicates that the phonon 
and octupole states, alone, cannot account for the observed 
density of odd parity states, and furthermore that they 
would be expected to occur at considerably higher excita­
tion energies than the observed levels. Thus, although 

t,vne configuration mixing undoubtedly occurs, the observed 
131 odd parity levels in I are primarily dascribable as 

irv,v , three quasi-particle configurations. Couplings 



TABLE VIII. 

Distribution jf the odd-parity states of 1 3 1 I predicted by aeroth-order 

coupling between the odd-parity 1 3 0 T e core states in Table VI .no the 

lE-Wp and 2d, t n shell-model orbitals and by the coupling of the one-

phonon excitation (in *3°Te) with the lh, /„ orbital. 

J1f States Octupole States phonon States 

2 

2 

2 

2 1 

2 1 

2 1 

1 1 

1 

1/2" 1 

5/f h 

5/2" 8 

7/2" 10 

9/2" 11 

11/2" 11 

13/2" 11 

15/2" 10 

17/2" 8 
19/2" 4 
21/2" 1 
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Figure 

1 ̂ l 38. The odd parity states of I (this work. 
On the left are the odd parity states observ­
ed in the 1 3 0 T e core (72Ke2, 74Hi, 74KeJ; 
and in the center are the possible states 
resulting from a ireroth-order coupling of 
the core to the lg_ , 2 and 2dg , 2 states as 
tMll as the 2 one-phonon Te core excita­
tion to the In..,, state. 
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using only the observed 5 (2100.8 keV) and 7 (2146.0 keV) 
states in the Te core can account for the observed 
density of states, and many more high-spin odd parity 
states could result from the unobserved 4", 5~, and 6" 
states, as shown in Table VIII. 

Of the odd parity levels observed in 1 3 1 I , the 15/2 ~ 
6-nsec isomeric state at 1797.07 keV is of particular 

— 127 
interest. A 15/2 isomer has been reported in sb 

131 
(an isodiosphere of I) by Apt and Walters (71Apl, 
71Ap2, 74Ap), That isomer has an 11 usee half-life and 
decays by two transitions of nearly equal intensity 
(805.9- and 824.7-keV) to levels with spin and parity 
values of 9/2 + end ll/2 +. The partial half-life of the 
1035.4-keV transition in 1 3 1 I (15/2" to ll/2+) is 1.5 127 usee. The equivalent transition in Sb, corrected 
for energy differences, has a partial half-life of 
"5.0-8.0 usee (pure M2) or of ~3.0-6.0 usee (pure E3). 

As in Te, both a 5" and a 7~ excited state have been 126 observed near 2 MeV in excitation energy in Sn (70P1). 
Thus, it seems highly likely that the 15/2" isomers in 
131 127 

I and Sb are very similar in configuration. 
Some light is shed on the interpretation of the 15/2" 

isomer in I by the work of Tandon and Devare (67Ta). 
They measured the g-factor of this isomeric level to be 
-0,16 i 0.05. In Table IX I show the result of cal­
culating the y-factor for each of the eleven possible 
nv,v, configurations resulting in a 15/2" state. (The 
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TABLE IX. 

Calculated g-Faotors for the Possible One-proton-two-neutron 

Configurations Which Result in a Spin and Parity Value of 15/2* 

Configuration 

Proton neutrons 

[ l g 7 / 2 , ( l h u / 2 . 5Sjy2) 5"] 15/2" 

[ l g 7 / 2 , ( l h u / 2 , 3 s l / 2 ) 6"] 15/2" 

[ l g 7 / 3 , ( l h u / 2 , 2 d 5 / 2 ) I*"] 15/2-

[ lg^g , ( l h u / 2 , 2 d j / 2 ) 5"3 15/2-

_ l«r/8 ' ( l h u / a • 2 < Va } 6 " 3 1 5 / 2 " 
l ^ / g , ( l h u / 2 ' 2 d 5 / a > 7"] 15/2" 

[ 2 d 5 / 2 ' ( l h l l / 2 ' 3 s l / 2 ) 5 " 3 1 5 / 2 " 

[ 2 d 5 / a , ( l h u / 2 , 3 . V a ) 6"] 15/2" 

[ 2 d 5 / 2 ' ( l h H / 2 ' 2 d 3 / 2 ) 5 " ] « / * " 

l 2 d 5 / 2 , ( l h U / / 2 , 2d J / / 2 ) 6"] 15/2" 

[ 2 d 5 / a , ( 1 ) J U / , 2 , 2d 3 / , 2 ) 7"] I5/2-

Calculated g-factor 

+ 0.16 

- 0.32 

- 0.17 

- 0.06 

[i&j/z , ( i h u / a • 2 d 3 / a > 6 "3 w/a" - 0.01 

[ !&, ,„ , (lh,, /„ , 2d,, J 7"] 15/2" + 0.01 

+ 0.60 

- o.ofc 

+ 0.1*0 

+ 0.30 

+ 0.15 
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details of this calculation are presented in Appendix III.) 
It is seen that only two configurations, 

and 
I - l g 7 / 2 > CVj^U/a- V d

3 / 2 > 4 - l 1 5 / 2 " 

m » v a . < v 1

u ,

1 1 / 2 . V d 3/ 2 > 5 - ' l b / 2 " 
result in a calculated g-factor within two standard de­
viations of the measured value. I favor the second 
configuration as the 4" state has not been observed and 
identified in Te. I note, also, that this second 
configuration is the same as that proposed by Apt and 
Walters (71Apl, 71Ap2, 74Ap) for the 15/2" isomeric 
level in 1 2 7 S b . 

The deexcitation of the 15/2~ isomer in I proceeds 
via transitions to the 11/2" single-proton state at 
1646.01 kev", to the two-phonon coupled to lg 7/ 2 states 
at 1596.43 and 1556.13 JceV (13/2+ and 15/2 +), and to the 
one-phonon coupled to lg 7/, s t a t « a* 773.67 keV (11/2 >. 
The first of these transitions is a 151.2-keV pure E2 
transition with a partial half-life of -1.2 usee. The 
theoretical single-particle half-life (67Le) is 84 nsec. 
The E2 hindrance of .14 is indicative of the great dif­
ference in configuration batt/ean the two states. T) ? 
transition vary likely proceeds as a result of a 3mall 
amount of configuration mixing <>t nv, v- character 
into the 1646.01 kiiV state and/or of one-phonon plus 
l hll/2 0 h * r * c t * r into the isomeric state. The other 
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three transitions car, be interpreted as merely the 
decay of the 5" two-neutron core state (2100.8 keV) to 
the 4* two-phonon (1632.8 keV) or to the 2 + one-phonon 
(B39.4 keV) core state. 

The quantitative question of why the 15/2~ state is 
lower in energy than the other possible ffV]_v2 configura­
tions is something which must be answered by any detailed 
theoretical treatment of the odd parity levels of I. 
A set of predictions has been devised (69Pe) to predict 
the lowest lying member of the multiplet resulting from 
a strong coupling between three nucleons, all occupying 
different orbitals. This technique fails for 1 3 1 i 

127 (and also for Sb) in that it predicts the most stable 
member of the n(lg-,,) Vj^lh,,,-) vj ' 2 < J3/2' m u l t i P l e t 

to be 19/2", whereas 15/2" is the lowest state observed. 
Apparently it is more realistic to treat tha 15/2" 
state as the result of a weak coupling between the single 
proton state and the S~ core two-neutron state, in this 
case, however, any theoretical treatment must explain why 
the 15/2" state is the most stable coupling, in particular 
why it is more stable than the parallel (17/2~) or the 
anti-parallel (3/2") couplings. It is possible that this 
is the result of admixture of the 15/2" one-phonon plus 
lh.|z, configurations, as there are no possible 17/2~ 
or 3/2~ one-phonon states. Apt and Walters have suggested 
that the admixture of [w2d 5y 2, <v. Vj)5-J 15/2" configura­
tions may be responsible. 
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I have observed major 3-decay branches to four 9/2 , 
three 11/2", and three 13/2" states in I. Tho mechanism 
for B-decay to three-nucleon JV, V states from ll/2~ 

Te"1 may be viewed as a single-particle transition from 
a core neutron orbital (u,) near the Fermi level to the 
final state proton orbital (ir), with the valence Ihiw, 
neutron (v.) remaining unchanged. In this case the 
strongest B transitions should be the allowed transitions 
from an initial state with the configuration ly22t33/2' 
v 22d 3 ,2) 0 , v i l n n / 2 ^ 11/2" to the twelve odd parity 
states with configurations, 

f*2d5/2' ( V h l l / 2 ' v2 2 d3/2 ) 4"' 5"' 6"' 7" 19/2". 11/2", 13/2". 
This lends additional weight to the interpretation of the 
negative parity states as being nv, v , states, although it 
would be somewhat presumptuous to identify the 10 states 
observed to be strongly fed in B-decay as having the exact 
configurations *iven above. 

The g-decay of 11/2" 1 3 1 T e m to the ^ n / 2

 si"'3i-e quasi-
particle proton state in I (1646.01 keV) is relatively 
hindered (logft » 7.7) when compared to the g-decay to 
the "v.v, states (logft - S.8 - 6.8). Similar hindrances 
hav« been observed in the B-decays of .' 1/2" 1 2 9 T e m (72Wa, 
74Hal) and 11/2 " Sn (70Ma) where the equivalent v d^u/;;) 
to "(Ihii/a) B-transitions were observed to have logft 
values of 8.4 and 7.4, respectively. The electron capture 
of the (̂lhj.i/2' i*°"M»«' of 1 1 9Te (67Gr) to the * (lhu/2^ 
state at 1365.8 keV in 1 1 9S'o, with a logft of 6.4, is 
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somewhat faster but still is slower than the decay to 
119 the itv,v, states in Sb near 2 MeV. The hindrance of 

this 6-transition between single particle states is not 
easily understood, particularly in view of the occupancy 
of the parent v(lh,, ,-) orbital, the emptiness of the 
daughter "(lhii/2> orbital, and the relative purity of 
both parent and daughter states as exhibited in the 
! He,d) and (d,p) reactions. This is certainly something 
which must be explained in any theoretical treatment of 
the negative parity states of I as observed in the 
8-decay of 1 3 1 T e m . 

My inability to observe a B-decay branch from 3/2 + 

Te 9 (v2d J / 2) to the l/2 + state which was observed 
at 1718H0 keV in the ( He.d) study is consistent with 
the earlier observations of very hindered S transitions 
to the 1/2* levels in 121,129,UII f r o n ) t h e r e 8 p e c t i v e 

i27,129,131T< 3 / 2 + i.omers (70Apl,71Apl,71Mal,74Ma). 
Although the 6 transition is *-forbidden |ii » 2), 
the observed lcgft values are much higher than fc-forbid-
denness is expected to contribute (e.g. the logft. of 
6.4 for decay of 7/2* 1 3 1 I to the 5/2 + 364-kev state in 

Xe (74M«1) ). The hindrance is also surprising in 
view of the single-particle character of the states 
involved and, in fact, appears to be directly correlated 
with the amount of single particle character. As with 
vdhr.w.) to "(lhjj^j) S-transition just discussed, 
this hindrance of 6-transitions involving single particle 
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states offers a challenge to any theoretical treatment 
Of 1 3 1 I levels. 

In conclusion, I note that the three-proton cluster 
plus quadrupole vibrator (Sn core) model results in the 

131 best fit to the even parity levels of I (Figure 36). 

It seems to be of particular importance in describing 
the 5/2 levels in iodine nuclei (Figures 36 and 37). 
There is evidence, however, that the positive parity 

levels have a large amount of single proton plus Te 
core character. This is seen in the odd-A iodine 
level systematica (Figures 33 and34 ) which show a 

general rise in the level positions paralleling the 

increasing neutron number. The Sn cors 2 spates, in 
contrast, change very little with neutron number 
(Figure 37). In addition, the theoretical three-proton 
cluster work has placed a 15/2 + level near 800 keV with 
a sizeable U g 7 « ' 1 5 / 2 + component (73Va). It may be 
noted that there can be no |lg 7> 2) 13/2 + state (62Pr)? 
and, as the 13/2 + and 15/2* states lie close to each 
other and near the position of the 4 state in the Te 
core (Figure 35), I suggest that the Ug 7,,' 15/2 + con­
figuration is not important below ~2 MeV, and that the 
observed 15/2* and 13/2* levela might be better described 
in terms of a single proton coupled to the Te core two-
phongn excitation. Thus, a model based on both three-
particle-plus-Sn-core and single-particle-plus-Te-core 
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configurations might be expected to give the mcst accurate 
fit to I levels. To fit the odd parity levels, this 
model would undoubtedly have to include a wider basis of 
states than have so far been considered, specifically the 
lh,, ,, proton state, the oc-tupole states, and the «,v, 
configurations. 



IV. THE DECAK OF 55.5-min 5/2 + 1 0 5 C d TO LEVELS OF 1 0 5 A g . 

A. Introduction. 
The silver nuclei, with three holes in the proton 

closed shell at Z » 50, have recently been the subject 
of several theoretical calculations (73Pa, 71Ku, 72Ku, 
74Kul, 74Ku2, 74Ku3, 74Ku4, 74Ma3) concerned with three-
hole states and their properties. These theoretical 
investigations have been particularly successful in des­
cribing the low-lying 7/2 excited state (anomalous 
coupling state) which has btjn observed in the odd-mass 
silver isotopes from A = 103 to A - 113. Detailed 
theoretical calculations for other levels have only been 
performed for Ag and Ag, however; and recent ex­
perimental investigations have dealt primarily with the 
levels of Ag and Ag as observed in radioactive 
decay (74Pa, 69Sc) and in the 1 0 6 < 1 0 8 p a (3He,d) 1 0 7 ' 1 0 9 A g 
reactions (72Ku, 73Au3, 75Ku, 75An2). These two nuclei, 
however, provide a somewhat limited check of the theoreti­
cal work due to the relatively low radioactive decay 0 
values involved. The decay of 5/2 Cd to levels of 

Ag is thus of interest because the increased Q_ c value 

allows the observation of levels at higher excitation 
105 energies. In addition, knowledge of the levels of Ag 

allows the extension of the systematics of the level 
structures of the odd-mass silver isotopes. The system­
atica of the energy levels and their electromagnetic 

172 
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decay properties provide both a valuable check of the 
theoretical work and a guide to further theoretical 
development. 

Studies of the decay of 55.5-min 5/2 + 1 0 5 C d have 
thus far been limited to half-life determinations (50Gu, 
53Jo, 61Ra, 68B0, 69St), 7-ray singles measurements (690k, 
69St, 71ile, 72Pr, 74Bu), and a measurement of the conver­
sion electrons from a 25.S-keV transition (53Jo). Two 

Ag level schemes have been proposed; however, the first 
(69St) was not intended to establish the existence of any 
excited states but merely to illustrate the additive proper­
ties of the v~ray energies, and the second (74Bu) was not 
consistent with Y-ray energy sums and intensity balances. 

105 When this investigation of the decay of Cd was initiated, 
only one excited state of Ag had been established, the 
7/2 + 7.23-min isomeric state at 2b.5 keV C69Ho). While this 
study was in progress, the results of a study of the excited 
states of 1 0 5 A g seen in the 1 0 4 P d (3He,d) 1 0 5 A g reaction 
were reported (74An, 75Anl). 

By making extensive use of large volume, high 
resolution Ge(Li) detectors for both y-ray singles and 
Y-Y coincidence measurements, I have been able to 
identify 274 Y-transitions associated with the decay of 
1 0 5Cd. I have placed 248 of these in a 1 0 5 A g level 
scheme involving 50 excited states. This study was 
somplieated by the observation of numerous y-*ay multi-
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plets, most of which were resolvable only through the 
use of Ge(Li)-Ge(Li) y~Y coincidence data. The Cd 
sources were produced via the cd (n,2n) Cd reaction, 
and the y-ray measurements were complicated by the 
presence of several interfering activities, principally 
1 0 V , " V , 106Agm, and mCd m. 

B. Experimental Procedure and Result3. 

1. Source Preparation. 
The samples of 55.S-min Cd were produced via the 

Cd (n,2n) cd reaction by irradiating 50-100 mg 
of enriched 82.09% Cd as the oxide (purchased from 
Isotopes Division, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee) with 14 MeV neutrons from the LLL 
Insulated Coro Transformer (ICT) accelerator with Rota­
ting Target Neutron Source IRTNS). This accelerator 
produces 14 MeV neutrons via the d( H,ot)N reaction 

and can attain a maximum neutron flux of approximately 
12 -1 

6 x 10 neutrons-sec into 4TT. it has been described 
in detail elsewhere (72Bo, 73Ba). (Nota bene: The quoted 
energy value of 14 MeV is the nominal value for the 
neutron energy. The Actual energy depends on source-
sample geometry and can range from -13.2 to -15.5 MeV.) 

The enriched CdO target material was heat sealed 
in polyethylene capsules and transported to the RTNS 
using a pneumatic rapid sample transport systam ("rabbit" 
system). Irradiation times ranged from approximately 
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ten minutes to one hour, and the neutron flux at the 
target position was estimated to be approximately 
1-5 x 10 neutrons - cm - sec . After irradiation, 
the samples were allowed to decay for 10-20 minutes to 
reduce the contributions from the contaminating activities, 
122-sec 1 5 0 , 7.1-aec 1 6N, and 24.1-min 1 0 6Ag g. No 
chemical separations were performed, and when counting 
began the principal activity present was 55.5-min Cd. 
The following contaminating activities were identified 
on the basis of Y-ray energy, intensity, and half-life 
data.- 41-day 1 0 5Ag g, 7.23-min 1 0 SAg m, 24.1-min 1 0 6Ag g, 
8.4-day 1 0 6Ag m, 6.5-hr 1 0 7Cd, 48.6-min n i C d m , and 53.5-hr 
1 1 3 C d 9 (74Bel, 74Ea2, 72Be2, 71Be, 71Ra, 66Gr). Five 
CdO targets were employed, and an irradiation was performed 
approximately every hour for 18 hours for Y-ray singles 
spectroscopy and for 13 hours for Y-Y coincidence spec­
troscopy. 

2. Gamma-Ray Singles Spectroscopy. 
Direct Y-ray spectra of 55.5-min Cd samples were 

taken using the following detector-pulse-height analyzer 
systems at LLL: (1.) the LLL Compton Suppression Spec­
trometer (described in Section II and 69Ca), (2.) a 
50 cm Ge(Li) detector having a FWHM energy resolution 
of 1.9 keV at 1332 keV, (3.) an 80 cm3 Go(Li) detector 
having a FWHM energy resolution of 2.1 keV at 1332 keV, 
and (4.) a 1,5 cm3 GelLi) x-ray detector having a FWHM 
energy resolution of 500 aV at 60 kev. Source to detector 
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distances ranged from ~35 cm to -~1 cm, and a 1" Pb 
3 

absorber was used with the 80 cm detector. The distance 
variations and the Pb absorber allowed the determination 
of summing contributions to the spectra. A new cd 
sample was produced every hour and the old sources 
moved on to the next detector-analyzer system in sequence. 
In this manner a total of sixteen one-hour counts were 
summed on each of the systems. Contaminating activities 
could be identified on a half-life basis as each successive 
system counted the samples approximately one Cd half-
life (55.5 minutes) later than the preceding system. In 
addition, two of the samples were combined and then counted 
for ~12 hour periods for eight days with the 80 cm 
detector (without absorber) to aid in the identification 
of long-lived contaminating activities. 

The Y-ray spectrum of the Cd samples from 0-2.0 
MeV ?.s observed with the 50 cm Ge(Li) detector is shown 
in Figures 39 through 43 . The high energy portion 
(2.0 to 2.8 MeV) of the y-ray spectrum, as observed through 

3 1" of Pb with the 80 cm Ge(Li) detector, is shown in 
Figure 44. From all spectra, a total of 250 peaks were 
observed which decayed with a half-life of about one 
hour and vhich were not single escape (SE), double 
escape (DE), x-ray escape, x-ray, or sum peaks. 

The 250 peaks are tabulated in Table X along with 
18 additional transitions which were established on the 
basis of Y-V coincidence data and 11 transitions for 
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which intensity limits were determined from either Y-ray 
singles or y-y coincidence spectra. Of these 279 
transitionsi five were assigned to the EC-decay of 
7.23-min Ag m on the basis of my coincidence data 
and the recent study of the EC-decay branch of Ag m 

(72Kr). The remaining 274 transitions were assigned to 
the decay of 55.5~min Cd, although 26 of these could 
not be placed in the decay scheme. Peak intensity cor­
rections for contributions to the singles spectra from 
the decay of 1 0 5 A g 9 or Ag m were based on the recent 
decay scheme studies of these isomers (70Ka, 73In). 

The absolute B +/EC decay branch of 5/2 + 1 0 5 C d to 
the 7/2 + state at 25.5 keV in 1 0 5 A g (7.23-min 7/2 + 

^Ag" 1) was determined to be (51.4 * 4.0) %. A source 
of Cd was produced in a short irradiation (10 minutes). 
The decay of the principal 1 0 5 C d t-ray (961,84-keV) 
waa followed for approximately two half-lives, and an 
activity at end of irradiation (t»0) was determined by 
extrapolation of the decay curve. The amount of Ag 
was determined -32 days later by counting the sample 
at a known geometry and using in* v"Ag decay scheme of 
Kawakami and Hisatake (70Xa). Then the B +/EC branch 
was determined by using the decay scheme data in Table X 
and the equations of radioactive growth and decay. The 
details of this determination are presented in Appendix IV. 
The rusulv.s of attempting this determination by observing 
7.23-min l 0 \ s m in transient equilibrium with 1 0 5 C d and 



Figure* 

Y~r«y spectrum of Cd between 100 and 
470 keV obaerved with the 50 cm 3 Ge(Li) 
detector. 

Y-ray spectrum of Cd between 470 and 
S50 keV obaerved with the SO cm3 Ge(Li) 
detector. 

Y-ray apactrum of Cd between 850 and 
1245 keV observed with the 50 cm3 Ge(Li) 
detector. 

Y~ray apactrum of Cd between 1245 and 
1C50 kaV observed with the 50 cm3 Ge(Li) 
detector. 

Y-ray spectrum of Cd between 1650 and 
2040 keV observed with the 50 cm3 Ge(Li) 
detector. 
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Figure 

44. Y*"ra¥ spectrum of Cd between 1950 and 
2760 keV observed with the 80 cm Ge(Li) 
detector through a 1" Pb absorber. 
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Table X. 

Energy 
(keV) 

27.70 { 6) 
51-7 ( 2) 
86.33 ( 71 
107.6 ( 3) 
128.6 ( 2) 
132-9 ( 2) 
171.34 (16) 
172.82 (13) 
192.27 ( 9) 
221.76 (12) 
229.82 ( 9) 
232.37 ( 8) 
249.41 ( 6) 

253.42 ( 3) 
262.99 ( 3) 
283.29 ( 4) 
291.96 ( 4) 

Intensity 

45 ( 5) 
4 ( 2) 
21 (2) 
1.2 ( 7) 
1.6 ( 6) 
4 (2) 
12 ( «0 
16 ( 3) 
19 ( 2) 
7 ( 1) 
15 ( 2) 
18 (2) 
14 ( 2) 
5 ( 3) 
10 ( *) 
31 (2) 
39 (2) 
33 ( 2) 
47 < 2) 

7-rays Observed in the Decay of 55.5-min Cd 

Note Transi t ion Coincident 7-rays in Cd Decay 
(iYom/to) or I d e n t i f i c a t i o n 6 

53/25 
3 2308/225D 

433/346 
Q Not placed 

(1923/1791*) or (1294/1166) 
1690/1557 
1557/1386 
1923/1750 (1403) 
1750/1557 1557 

Not placed 
1557/1327 1302 
1923/1690 1665 

T Mult ip le t 1360, 1388 
C 1690/1441 
c 1635/1386 

1923/1669 283, 1644 
1557/1294 307, 346, (775), 948, 1294 
1669/1386 253, 316, 1360 
1586/1294 307, 346, 662, 746, (842), 948, 1294 



Energy' 
(keV) 

295.7 ( 3) 
306.35 ( 5) 
307-83 ( 3) 

316.82 ( 5) 
319-23 ( 3) 
325.0 ( 2) 
3U0.66 ( It) 

3U3.U ( 2) 
3U6.87 ( 2) 

353.91 (12) 
362.9 ( 3) 

, . . . a J I n t e n s i t y 

3 ( 2) 
29 (15) 

192 ( 7) 

12 ( 5) 
180 (12) 

53 ( 2) 

189 ( >•) 
5 ( 2) 

97 ( 3) 
14 ( 6) 
83 ( 9) 

< 6 
896 ( 9) 

9 ( 2) 
<t ( 2) 

TABLE X ( con t . ) 
"—I55T 

T-rays m Cd Decsy Ko je Transi t ion 
(from/to) 

Coincidcn 
or Identification' 

1986/1690 
105 
T MultipleL 

C I29U/987 
HC 1635/1327 

1986/1699 
105 

T Multiplet 
e 1633/1S91* 
BC 1327/987 

SL , 105 (1586/12U3) 
3>i6/GS 

1 0 5 A E
m Decay [21] 

?62, 291, 3U0, 613, (6h0), (697), 
93'i, 961, 1038, 127>t, 1302 ' 

283, (1322), 16UU 
1 0 V Decay [loo] 
Not placed 
30U, 93U, 9U8, 96I , (129A) 

262, 292, 530, 6U0, 695, 7l>6, 896, 
9 W , (1006), 1038, (1039), 1211, 
1239, 1322, l S ^ . l ^ , 1902, 1909, 
(1953), I960, 1986, 2053, (2076), 2203 
Not placed 

(1386/1023) or (1690/1327) or 
(2081/1718) 



TABIS X (cont.) 
Energy* Intensity*'*1 Bote Transition0 Coincident 7-rays in Cd Decay 
(KeV) (from/to) or Identification6 

Not placed 
1386/987 96l 
2326/1923 
129ty877 
1750/1327 1302 
J*33/GS 590, 609, (613), 733, 810, 1121*, 

(1159), 1360, 1»*89, (1552), 1823, 
(1867), (1874), 1881, 1892, (189U), 
1900, 1938, 1995, 2117 

371.28 (10) 9 (2) 
3 9 8 - « ( 8 ) 12 (1) 
1*03.3 CO 3 (2) 
1*17.1 ( 2 ) 3 (2) 
1*22.27 ( 6 ) 19 (1) 
433.24 ( 3 ) 600. (5 ) 

1*1*2.3 ( 2 ) 18 3 105 1 0 5 A g n Decay [9 .4 ] 

1*3.9 ( 2 ) < 4 SL, L, 105 (1885/lUUl) 
1M.6 ( 2 ) < 4 SL, t , 105 ( 877A33 ) 
1*54.38 ( 7 ) 23 (2) 1441/987) 9J4, 961 
1*58.30 (11) 11 (2) Not placed 
U61.96 (u.) 10. (2) 2256/179U 

466.73 ( 7 ) 11 (2) 1794/1327 1302 
1*86.73 (10) 14 (2) 105 (21*73/1986) or (2156/1669) 
h&M ( 8 ) lit (2) T (Multiplet) (1360) 

8 W C 1885/1386 
6 (6) MC (221*9/1750) 



Energy* 
Ore?) 

520.51* ( 5) 
530.95 ( 8) 
538.67 ( 6) 
5U5.0 ( 2) 
550.17 (11) 
558.1fc (10) 
560.9 ( 3) 
570.56 ( 6) 

576.1 ( 5) 
577.fc ( 2) 
579.97 ( 9) 
583.17 ( 6) 
590.«* ( 5) 
598.51* ( 5) 
607.22 ( 2) 
609.1(5 ( 5) 
613.50 ( k) 

Intensity a , b 

A ( 1 ) 
16 ( 1 ) 

151 ( 5) 
3 ( 1) 
8 ( 1 ) 
8 ( 1) 
2 ( 1 ) 

23 ( 2 ) 

3 ( 2 ) 
9 ( 2) 

12 ( 1) 
18 ( 1) 
25 ( 1) 
25 ( 2 ) 

798 ( 7) 
S3 ( 2) 
73 ( 2) 

21 (13) 
52 (15) 

TABLE X (cont.) 
Note Transition0 Coincident4 7-rays in 1 0 5 Cd Decay 

Ifrom/to) or Identification* 

&11/M 3«t6 
1635/1097 (613), 10l»3, 1071 
1986/mVl 

(2300/1750) or (21*73/1923) 
2308/1750 or (1885/1327) (lU03), (1724) 

1 0 V Decay [0.5] 

1557/987 (93<»), 961 
2326/1750 

2371/1791* 
22li9/l669 161* 
2333/1750 lU03, (172't) 
1023A33 1(33. 1302 
2156/1557 1557 
2326/1718 1665, 1693 
10lt2/1»33 "»33, 613 
Multiplet 307, (1(33), 538, 609, (6W) , 

IOU3, (1665) 
221(9/1635 
I656/IOU2 



Energy* 
(kev) 

en.ui ( 9) 
623.7 ( 2 ) 
630.8 ( 3) 
635A ( 3) 
51.0.1*6 ( 8) 
6l(2.8o ( 6) 
6W.1*9 ( 2) 
656-53 ( 7 ) 
658.27 ( 8) 

662.79 ( 7) 
676.88 (12) 
681.97 (16) 
691.83 (13) 
695.76 (10) 
697.7 ( 2) 
700.07 (16) 
703.1*6 ( 8) 
709.87 ( 8) 
71U.8 ( 6) 

Intensity*' 1 

16 ( 6 ) 
1U ( 1) 
8 ( 3) 

102 ( 2) 
13 ( 2) 
20. ( 2 ) 

335 ( 5) 
15 ( 1) 
13 ( 1) 
7 ( 6) 
6 ( 7 ) 

17 ( 2 ) 
10. ( 1) 
7 ( 2 ) 
9 ( 2) 

16 C 2 ) 
19 ( 1) 
9 ( 1) 

6>i ( 2 ) 
27 ( 2) 

)i ( 3) 

TABLE X (von;..) 
Hotc Transition 0 Coincident -y-rays i n ^ ° Cil Decay 

(froo/to) or Ident i f icat ion 0 

105, 105n 2308/1690 (703), (1665) 
2 3 i y i 6 ? 0 
2300/1669 

1605 

2326/1690 703, 13L3, 1665 
987/V'6 (307), 16, (61.8) 

2333/1690 1665 
105» 1635/987 (613), (61.0), (697), 93".. 961 
105m 23?6/l669 16U» 
T Multiplcl (1302) 
C 1986/1327 

MC (232e/l669) 
Z2li9/liif56 
1023/3H6 

2^2 

105, 106 1669/..S7 (9-31) 
(221*9/1557) or (2 328/i-S,5) 

lCJ>2/3lt6 3I.6 
2333/163'; 0 " 7 ) , ( W ) . (16=5; 
2U19/171H 1'ViV 

I'.ur. 1690/-/-7 (•M7), •;%, A v.; 
2!|'X)/J >1 l'V65 

r r-i'S/l'-M 



JinerGy Intensity"*' 

(*cV) 

721.6 {V h ( 2) 
727.5M (13) 12 ( 2 ) 

733-03 ( 9) 2h ( 2) 
738.6 ( 3) .'( ( 2) 
7MS.IA ( 7 ) UU ( ;;) 
71»9.7 ( 3) Jl ( 2) 
755.9 ( 3) 6 ( 2) 
758. C7 (15) IB ( 2) 
762.8 ( 3) !< ( :>) 
770.18 (12) 12 ( :•) 
775.M ( 7 ) 1.1 ( 2) 
782.1< ( 3) 1. ( 2) 
788.7 ( 2) 6 ( 2) 
800.23 (16) 10. ( 2 ) 
810.10 ( 8) 26 ( 1) 
813.9 ( 2 ) r ( 2 ) 
825.72 (15) 26 ( 3) 
827.7 ( 6 ) 2 ( 2 ) 

836.3 ( 3) 5 ( 2 ) 
!>M2.Uh ( 8) 23 ( 1) 

:;.!(! Tr.1r.sit.i1 n CJir.3:J<'t-/" I T T J J lr. ' "Ci 
( frr -A- ) ,,r :dcr.tiflca'.j-..n c 

2V*:/1550 

231V1'/''' 
u66/.'.-3 '.=-:, (U' />) , (ir>r,) 
2326/l$i:6 
2332/1586 2<tf, 3'i6 
2Ul9/l(kV» 
2550/1751; 
l<Sj5/*f7 !!77 
1750/987 
2156/1336 ( 1 ^ 5 
2333/1557 (2*2) , 1557 

105(3 2'»73/l69o 
1885/1057 
2550/1750 
1 2 W 3 3 "'33 

(2l»00/l5(Vi) or (2371/1557) 
106n 1923/1097 10l|l», 1071 

Q 2156/1327 
2>t 22/1586 

? Kulttplet (292), 1557 

http://Tr.1r.sit.i1


TABUS :< (<--ont.) 

Enenjy 
(keV) 

Intensity' ,a,b Note Traniition Coincident T-rays in Xi Decay 
( froa/to) or Identif ication 

11* ( «0 C 21*00/1557 
7 ( 5) MC 21*29/1586 

858.95 (12) 21 
< 5 

( 2 ) T 
L 

2300/lltH 
21*9U/1635 

1388 

866.9 C2) 10. ( 1) 2306/ll*Ul (1388), (1U16) 
870.88 (1*) 10. ( 3) 21*29/1557 1557 
877.81 ( 9 ) 1*6 ( 2 ) 677/CS 758 
68it.57 ( 8 ) 126 ( 2 ) 2326/lWH (1*51*), 1388, 1M6 
889.13 ( 8 ) 5"* ( 2) 1986/1097 101*1*, 1071 
892.21 ( 8 ) 38 

< 6 
( 2 ) T 

L 
2308/1U16 

2 3 3 3 A 1 * 1 

1U16 

896.61 ( 9 ) 18 ( 2 ) 121*3/31*6 31*6 

921.62 ( 5) 102 ( 2 ) 221*9/1327 3>*0, 127l», 1302 

928.8 ( 2 ) T (1*) 105m 2256/1327 
93>t.il» CO 271 ( 3) 

4 

927/53 3 0 7 , 3'*0, l»5lt, ( 5 7 0 ) , 61*8, 7 0 3 , 

( 9 9 8 ) , ( 1 1 6 9 ) , 1 3 3 8 , 13>»0, 

11)13, 11*85 
91*1.60 ( U ) 13 ( 2 ) 2328/1386 1360 

9W.0U ( M 182 ( 3) 129**/31'6 2 6 2 , 2 9 1 , 3U0, 31*6, (71*6), 1 0 1 3 , 

( 1 0 3 1 ) , J038 

95fc-53 (12) 6 ( 2 ) 221*9/129!* 



Energy' 
<teV) 

961.8U ( 3) 

# 7 . 2 3 ( 6 ) 
$72 M (10) 
973.22 (15) 
931.50 ( 9) 
9SU.58 (17) 
985.91 (10) 
992.93 (1U) 
998.1*3 ( 5) 

1005.25 ( 9) 
1013.51 ( 8) 
1021.5 ( 2) 
1031.&6 (13) 

1033.1 ( 2) 

I n t c i ) 3 i t y a , b 

1000. ( 7) 

25 ( 2 ) 
12 ( 2 ) 
12 ( 2 ) 
29 ( 3) 
15 C<) 
35 { 3) 
9 ( 2 ) 

63 ( 3) 
20 ( 6 ) 

31 ( 8 ) 
12 (17) 
16 < 3) 
22 ( 2 ) 

7 ( 3) 
30. CO 
10. ( 7 ) 
15 (10) 
15 ( <0 

TASI.S :•: (font..) 
£ ' " . J i l l ^ I 

Hoto Trans i t ion CoInci<2i;n'„a f -rays in Ci! Decay 
(Troa/to) or I d e n t i f i c a t i o n 0 

9- ; :7/25 J.I7, ••;••% •">?•, l>5'«, 57". ( - J - S ) , 
.'.'>•• , ( ^ 1 ) , 70% 'K>S, U-:?, : 2 . ' ^ f 

1327, I-P'3, l'-jliO, 1>.1% ll:"5 
;:ot pip.ccij 

;.-00/1 ^ 7 

2M9/i»iin 

(• . ? ! 

^'(?r?/l'Al ( I T T ) , j.1.1.', 

20".l/lO97 i ; r i 
?3l ! . / l3: '7 : v'2 
2VJO/1557 (l->37) 

T Mul U n l e t ( i-.'O, -v'.l, 1302 
C 19B6/9: :7 
C 2325/1327 

tic (1023/25) 
2?i»9/12'i3 <3M5) 
230?/l29l( 9*if-

Not placed 
T Mul t ip le t (9"»8), 13855, IU16 
C 2326/129U 

c 2U73/1WH 
21(19/1386 (I3u0) 



Energy" 
(teV) 

1033.W* ( 6) 
1039.1* ( 2) 
10U3.1* ( 7) 
(101(2.7 (D) 
(ldA.o (i)) 
lo&.i* C 3) 
1071.65 ( 5) 
1082.56 (16) 
1091.0 ( 3) 
1095.7 ( U) 
1098.5 ( 3) 
1105.8 ( 2 ) 
1109.15 (13) 

1119.7 ( 2) 
112U.73 ( 8) 
1137.2 ( 2) 
l lWt.7 ( 3) 
IIU7.9 ( i*) 

I n t e n s i t y " ' " 

125 ( 2 ) 
< 6 
105 ( 3) 
J*5 (17) 
60 (l<t) 

1» ( 2) 
273 (1*) 

13 ( 3) 
6 ( 2 ) 
3 ( 2 ) 
3 ( 2 ) 
6 ( 1 ) 

10. ( 1) 
3 ( !») 

< 6 

13 ( 2) 
20 . ( 2 ) 

8 ( 2) 
3 ( 1 ) 
2 ( 1) 

TABUS X (cont . ) 

Kate Trans i t ion Coincident' 7-rays in , J W Decay 
(from/to) or H e n t i f i c a t i n 

2?33/i29>' OT, >'t6, '.»t3, l^jl* 
L 1386/3'i6 (V16) 
T Multiples. 53S, 61 -•, S?5, 3-;;j, 1.-P8 

HC 10li?/Ga 
C 1097/52 

2l|l.7/l386 

1097/25 
?^26/l?'l? 
21(19/1527 
2't?2/l327 

ZUO0/:S9>i 

5?8, 825, •7!'?, 98 ' ' , 122'" 

1 0 V 3 « V [3.7] 

T (Mul t ip lc t ) 
C 2550/llAl (13BS), (I'«l5) 
I. (2119U/1386) 

?W»7/1327 130.? 
1557A33 

2VP/1327 
231V J166 

'•33 



Energy 
(keV) 

1159-75 (16) 

1169-09 ( 8) 

1195.3 ( 3) 
1205.1* ( 3) 
1211.09 ( 7) 
1217.5 ( 2) 
1228.71* ( 6 ) 
1232.8I* (13) 
1239.98 { 5) 
1256.50 (10) 

1262. Zh ( l i t ) 

127^-70 ( k) 
1283.60 ( 3) 
1289.6 ( It) 
129lt.89 ( It) 
1302.Jt6 { 2) 

I n t e n s i t y * ' ' 

1* ( 3) 
< 7 

2U ( 2) 
5 ( 1) 
It ( 2) 

ii2 ( 3) 
h ( 1 ) 

52 (M 
l»t ( 2 ) 
61 ( 2 ) 

23 ( 2 ) 
<6 

6 ( 2 ) 
175 ( 3) 

5 ( 2 ) 
6 ( 2 ) 

66 ( 2) 
868 ( 6) 

20 (10) 

TABU; x (ft-. 
_ — _ _ — . j ^ ^ , 

tiote Transition C-JincL(!c'.:"~ 7-r:ty in Ci iV:-:ty 

T 2326/1 l-i - <•'• ;'-> <'•'' ^ 
L {-.yj'ih/io---:) 

2156/'87 ('<•::.?, •••' 

p •7l/»i 'J" 
1057/-A6 ••1.6 

(23U»/l ; j97) or (la^n/P'j) 
2-26/2097 10M4, 1071 
2? 56/LOP-! 
l>!io/S'U> ~Jt6 

T 2li?2/l lV, (7-n) 

J. (2> A/1327) 
221*9/987 >>1 
1327/52 307 
23?6/l0li2 
2581t/l29li 
129U/GS 262, 291 , (3'to), 1033 

T Mult iplet 229, 307, Ii22, I166, 5gC, (65S), 

921, (972) , 986, 998, 1119 
c 2326/1023 



TABLE 
Energy3 Intensity",l> Hotc 
(WV) 

8WS (16) !JC 

1317.41 (11) 16 ( 2 ) 
1322,20 (10) 36 ( 4 ) T 

13 ( 8 ) C 
24 ( 7 ) c 

1327-20 (17) 10. ( 2 ) 
1338.69 <*) 139 < 4 ) 
1340.50 ( 6 ) 66 ( 4 ) 
1343.82 (10) 19 ( 2 ) 
1350.0 ( 3) 4 ( 2 ) 106 

1360.79 ( 4 ) 145 ("•) T, : 

(1361.5 ( 2 ) ) 26 (11) c 
119 (15) MC 

1375.77 ( 8 ) 24 ( 2 ) 
13SB.48 ( 3) 575 ( 5) 

1403.10 ( 6 ) 83 ( 3) 
1413.21* (18) 30 ( 7 ) 

Transition Coincident >raysin Cd Decoy 
(fro«/to) or Identification 

1327/25 
Hot pl:.ccd 

Mult iple i (316), 346, 1071 

2419/1097 
.'669/346 

23l4/9c7 9t'>l 
2326/987 93-'-, JGI 
2328/987 93 ' ' , '/>l 
1690/346 346, 6 ;5 

2447/1097 
K u l t i p l e t * ? , ( 2 5 i \ 2 ' ? , 4 ' 3 , :••"), (r 

* 1 , (1033) 
.' » 

1794/433 
1386/25 
2472/1097 1071 
1441/5S 249, ; - 5 ' , ( 60 ) , «.-4, (?--l) , 

1031, (1109) 
1750/ ;46 (172), . 4 6 , (55! ) , 5=3 
21*00/9:7 534, 9ol 



Energy 3 

(fceV) 

1I4I6.IO (10) 

11*22.19 (15) 
11*31.35 (16) 
11*59-62 (13) 
ll»65.1 ( Jt) 
11*69.1 ( 6) 
1485.71 ( 9) 
11*89.72 { 5) 
1507.8 ( 3) 
1522-9 ( 3) 
1532.32 (12) 
1552.8 ( 3) 
1557.81* ( 1*) 
1582.56 ( 7 ) 
1586.31* ( 8 ) 
1610.30 ( 6) 
1635.81 ( 6) 

I n t e n s i t y ^ 

350 (10) 
1*0 (15) 

310 (25) 
6 ( 2 ) 
9 ( 2 ) 

ie ( 3 ) 
3 ( 2 ) 
2 ( 2 ) 

36 ( 2 ) 
95 ( 2 ) 

5 ( 1 ) 
1* ( 2 ) 

ik ( 2 ) 
7 ( 2 ) 

<*37 ( U) 
135 ( 2) 
W* ( 2) 
56 ( 3) 

223 ( 1*) 

.TABLE A (gent . ) 

Itotc Transi t ion Coincident 7- rays in ' "X;: rc-c^-
(from/to) s r Iden t i f i ca t ion 

T "' .ultiplet P o o ) , r,.--l*, ".js, -V--.1, . - - : , ( i i 
C l'll-J/GS 

HC 11*1*1/25 
s 2300/877 

21*10/937 
2'A7/987 961 

llot placed 

<! Hot placed 
21*72/987 (931*), 961 
1923/1*33 1*33 

(2550/101*2) or 1 
21*00/877 
1557/25 

[zkgu/jar) 

1986/1*33 (1*33) till 
192, 598, 775, 81*2, 866, (992) 

1635/GS (613), (697) 



Energy 
(keV) 

161A.03 ( 7 ) 
1665-33 ( 6 ) 
{1665.20 ( 8 ) ) 
(1665.65 (10)) 
1693.3U ( 5) 
1697.2 ( 2 ) 
1724.69 ( 7 ) 
17^1.8 ( i t ) 
1797-5 ( h) 
I809.O (>0 
1823.1 ( 2 ) 
1831.67 i>0 
1853.6 ( 8) 
1860.1 ( 2 ) 
1867.3 ( 3) 
1869.7"+ ( 9 ) 
137^.99 (1*0 
1881.36 (12) 
I892.89 ( 3 ) 

Intensity' 

186 ( 3) 
278 ( *) 

75 <lU) 

203 (18) 

755 ( 1) 
4. ( 3) 

ll«> ( 3) 
7 ( 2 ) 
5 ( 2 ) 
5 ( 1) 

33 ( 7 ) 
33 ( 2) 
1 ( 1) 
8 ( 2 ) 

10. ( 2 ) 
136 ( 3 ) 

IS ( 2 ) 
28 ( 2) 

151 ( 2 ) 

TABLE X (cont.) 
Transition Coincident -y-rays in Cd Decay 
(from/to) or Identification6 

1669/25 253, 316, 57! 
T Mult iplet 232, 607, (6! 
C 1713/52 

KC 1690/25 
1718/25 

1750/53 

S07, 700 

1750/25 
179V53 

2156/ 3>t6 

(558), (5^3) 

Hot placed 

2256/1*33 
(l88U)/25 

1*33 

n 
1 

10C5/25 

Hot placed 

2300/1*33 
1923/53 

C»33) 

2303/1*33 (1*33) 
231>V»33 1*33 
2326/1*33 *»33 



Energy8 

(keV) 

189U.8 ( 3) 
1807.52 ( 7) 
1900.21 (13) 
1902.79 (13) 
1909.69 ( 8) 
1929.1 ( 2) 
1933.11 ( 8) 
1938.50 ( 9) 
1953.51 (16) 
I96O.89 ( 9) 

1975.66 (10) 

1986.57 ( 7 ) 
1995.97 (10) 
201U.O ( 2) 
2028.1t8 ( 7) 
2053.60 (lU) 
2056.06 (13) 

I n t e n s i t y 8 ' 

10. ( 8) 
308 ( 3) 
25 ( 2) 
28 ( 2) 

130. ( 3) 
10. ( 2) 

339 ( 3) 
63 ( 2 ) 
13 ( 1 ) 

200. ( 3) 
11 ( 7) 

189 (10) 
52 ( 7) 

161 ( 2) 
29 ( 3) 
7 ( 2) 

135 ( h) 
lh ( 2) 
52 ( 2 ) 

TABLE X (cont.) 

I!ote Transition 
(from/to) 

Coincident y-raya in Cd Decay 
or Identification 

c ?328/l(33 
1923/25 

("•33) 

2333A33 "•33 
22l<9/3!)6 M 
2256/3!i6 

1986/52 

3U6 
Kot placed 

237l/'433 "•33 
2300/3U6 (3W) 

T Multiplet 3»i6 
C 2308/31i6 

MC 1986/25 
A Kot placed 

2333/3'i6 3U6 
2te9A33 U33 

E 2U47A33 
2081/53 
2Uoo/3lt6 

2081/25 
3>t6 



Energy1 1 In t ens i ty * 

(KeV) 

2061.5 ( 3 ) 5 ( 1 ) 
2076.5 ( 1<) 8 ( 1 ) 
2095.2 ( 6 ) 2 ( 1 ) 

2117.30 (15) 19 ( 2) 
2156.20 (11) 80. ( 3) 
2203.58 (1U) 21 ( 1) 

20 ( 8) 
< 8 

2230.88 (12) 1*2 ( 2) 
221*9.1(8 (10) 105 ( 1*) 
2272.85 (15) 220. (12) 
227!*.83 (15) 180. (12) 
2288.9 ( 2) 6.1* ( 7 ) 
2300.57 ( 9) l l u . ( 1*) 
2308.30 (12) 22 ( 1) 
2318.50 (11*) 10.1* ( 9) 
2333.26 ( 5) !*22 (ll*) 
23>+5.7 ( 7) 0.8 ( 5) 
236U.60 (13) 10.5 ( 6) 

TABLE X (cont . ) . 
Note T r a n s i t i o n 0 Coincident -y-rays in Cd Decay 

(from/to) or I d e n t i f i c a t i o n 6 

2l*9l*/J*33 
21*22/31*6 (31*6) 

Q 

2550/1*33 1*33 
2156/GS 

T (Multiplet) 3U6 
C 2550/3!*6 

MC (2256/52) 
2256/25 
22l*9/GS 
2326/52 

(2300/25) or (2328/52) 
231U/25 

(2300/GS) or {2326/25) 
2308/GS 

2371/53 
2333/GS 

Q 2371/25 
A Hot placed 

10 o o 



Energy In t .nsi ty 
(keV) 

2375-2 ( 3) 1.6 ( 5) 
2382.66 (1£) 10.2 ( 6 ) 
2393-69 ( 9) 38 ( 1) 
21*00. 3 7 (15) 9.1 ( 7) 
21*22.99 (10) 75 ( 3) 
21*29.19 (1<0 13.0 ( 6 ) 
2V*7.5 ( 3) < 0 . 1 
21*69.5 ( 5) 1-3 ( 3) 
2512.1 ( 5) 0.7 ( 3) 
2525.1*5 (18) 16.7 ( 7) 
2530.8 ( 3) 1.3 ( 3) 
255U.3 CO 1.2 ( 3) 
2558.8 ( 2) 3.2 ( 3) 
2568-5 ( 8) 0.5 ( 3) 
2573-8 ( 2 ) 3-2 ( 3) 
259>*-5 < 5) 0.7 ( 2) 
266,.11 ( 6 ) o.i» ( 2 ) 

TABLE X (eont . ) 

Jfote Tr.n3it.I0r. Coincident f - r a y s In Cd Decay 
( f r an / to ) or Iden t i f i ca t ion 

106 

21*00/25 
Kot placed 

(2W'7/53) or ( ;?l)19/25) 
2ii00/GS 
2l(2?/0S 
2U29/GS 

(2'i73/25) 
2ltolt/25 

Not pl'.ced 
2550/25 
2581*/53 

Hot placed 

2581»/25 
Hot placed 
Not placed 
Not p i •Med 
Not placed 

http://Tr.n3it.I0r


TABLE X (cont.) 

*Value shown as 27.70(6) wans 27.70 - 0.06 for example. The uncertainties are one standard deviation. 

''The intensity values are relative to a value of 10C0 for the 961.6%-keV transition. To convert to 
absolute intensity (per 1000 decays), multiply the relative intensity value by 0.0lt69 - 0.0029. This 
includes the absolute branch to the 7/2+ 25.5-keV state of •}\.k%. An uncertainty of 2% must be 
added in quadrature to reflect the uncertainty in the Ge(Li) detector efficiency. 

cAssignments are nade on the basis of energy suns and coincidence relationships. Multiple assignments 
and assignments of transitions with intensity limits are in parentheses and are dotted in the level 
scheme. These assignments arc consistent vith being dipole or electric quadrupole in character and 
the energy suns involved give no preference for placement. 

Coincidences in parentheses are marginal. These ore indicated in the level scheme by the use of open 
circles to indicate the coincidence. 

eThe assignments to the decay of 7.23-nin Ag are based en the work of Krien et al. The values in 
parentheses are the relative intensity values from that work. Transitions not placed are thought to 
come from 'cd decay on the basis of half-lives and/or consistent values for relative intensity. 

The notes to the table mean the following: 
Q - The presence of this transition is in some doubt. Generally this is a weak peak with large 

uncertainty and may not have been observed in all singles spectra. 
T - The transition intensity is that observed for the single peak in singles spectra. 
C - The transition intensity was obtained from coincidence measurements. 



TABLE v (jont.) 
HC - The transition intcnoity is the result of subtracting the intensities noted "c" from the 

total intensity (noted "T"). 
105(etc. )-The transition intensity has been corrected for contributions from the decay of this Ag isotope. 
Si. - Intensity limit is from singles spectra. 
I - Intensity linit is from coincidence measurements. 
E - The intensity has been corrected for the presence of an escape pcaV:. 
A - This, •y-ray determines a level at (E)-, (E + 25.5)-, or (E + 53.2)-kcV. It is either 

not coincident vith the 3U6- or <»33-keV 7-rays or Q„, considerations preclude its 
placement into any level but G.S., 25.5-, or 53.2-keV. 

10 o 
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by obierving the positroni aaaociated with 1 0 5Cd decay 
(correcting the ainglea apectra for positrona from 1 0 6 A g g 

decay (67Ra) ) are alao praaented in Appendix IV. 
A balance of the intenaitiea of the y-rays placed 

into and out of the 53.2 keV level of 1 0 5Ag reaulted in 
a value for the total converaion coefficient (at t ,) of 
the 27.7-keV y-tranaition of (49 ± 6) < a_ . , < 
(56 t 6). I aaaumed that there waa no direct &-decay to 
the 53.2 keV level. The two valuea reaulted from the 
double placementa of the 2274.83- and 2393.69-keV y-raya. 
A compariaon with the theoretical o u o t a l of a 27.7-keV 
tranaition indicatea that this tranaition ia HI + 
(25 ± 4) % E2. 

3. Gamma-Gamma Coincidence Spectroscopy. 
The Y-Y coincidence measurements were carried out 

at LLL uaing two large volume true-coaxial Ge(Li) de­
tectors (both ~50-60 cm3, having effective FWHM energy 
reaolutiona in the two-parameter system of 3.0 and 3.3 
keV at 1332 kaV) in conjunction with a multiparameter 
pulse-height analyzar system and aasociated electronics 
as described in Section II. The coincidence time gate 
waa approximately 35 naac which raaulted in a real-to-
random coincidence ratio of about 15 to one. Aa in the 
l31fm Y"Y coincidence atudy, the random coincidencea 
war* found to be essentially negligible. The coincidence 
•venta ware recorded on magnetic tape in an 8192 by 8192 
channel format for later analysia using the ill CDC 7600 
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computer system along with computer codes developed at LLL, 
(75La2). Approximately 2.3 million coincidence events were 
recordad on magnetic tape, and during analysis, coincidence 
spectra were extracted for 39 peak regions as well as for 
neighboring regions to account for Compton backgrounds. 
The Compton-gate spectra were subtracted from the photopeak-
gate apectra to obtain net coincidence spectra. Energy gates 
were set on the spectrum obtained with the "stop" detector 
(FWHH -3.3 keV) and the spectrum in coincidence with the 
gated region was retrieved for the "start" detector (FWHH • 
3.0 keV). The results obtained are tabulated in Table XI 
which lists all photopaak gates which were set and all -y-rays 
which were observed to be in true coincidence in the result­
ing coincidence spectra. Marginal coincidences are indicated 
in parentheses. (These were doubtful peaks in the coincidence 
spectra which, however, agreed in energy with transitions 
seen in Y-ray singles spectra. These transitions could be 
placed between established levels on the basis of energy 
sums such that the placement was consistent with the obser­
vation of a coincidence.) All coincidence* observed are 
also listed in Table X. 

As in the case of the l 3 1 T e w y-y coincidence study, 
evidence for many Y-ray transitions was obtained solely 
from coincidence data. For example, the Y-ray singles spectra 
showed a single peak at 1665.33 kaV, however, the coincidence 
data revealed this peak to fc-j a doublet. Part of the evi­
dence for this is shown in Figure 45 which shows the same 
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TABLE XI 
GarmuL-Oamna Coincidences in 5Cd Decay 

Ge(Li) Oat* Gated Photopeak* Coincident Canma Roys Observed 
(keV) (keV) (keV) 

250.1* - 256.1* 253. >*2 283, 161A 

260.0 - 266.0 262.99 (307), 3U6, (775), 9U8, 1291. 

288.7 - 295.0 291.96 307, 3U6, 662, 7W, (8U2), 91*8, 
129U 

303.5 - 310.7 306.35(») l 3 2 ( » ) , 262, 291, 3>i0, 1(20(*), 
307.83 613, (6U0), (697), 93>», 951, 

(1038), 127U, 1302 

31M.8 - 322.0 
319.23(*) 

283, 331(*), (1322), 16W* 

3U3.0 - 350.0 3"A.58(») 262, 292, 306(«), 328(»), 530, 
31*6.87 6 l 7 ( * ) , 61(0, 695, lk&, 896, 9Uf\ 

(1006), 1033, (1039), 1211, 12391 
1322, 13U3, Hl03, 1902, 1909, 
'1953), 1961, 1986, 2053, (20?6), 
2203 

1*29.8 - 1*36.5 1*33.21* 590, 609, (613), 733, 810, 112U, 
(1159), 1360, 1U89, (1552), 1823, 
(1R67), (I87U), 1881, 1892, (I89U), 
1900, 1938, 1995, 2117 

535.6 - 5U1.8 538.67 (613), 101*3. 1071 



TABU! XI (cen t . ) 
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Ge{M) Gate Gated Fhotopetk* Coincident Gum* Ray* Observed 
(keV) (k«V) (keV) 

555.0 - 561.0 55B.1U 
560.9 

(11*03), <i7ait) 

580.0 - 586.lt 583.17 (11(03), (172U) 

5B6.lt - 59U.8 590.Wt 1*33, (1302) 

603.8 - 611.9 607.22 
609.1*5 

1*33, 1665, 1693 

610.6 - 620.0 61J.50 307, 3M»(»), li29W, 511(+), (53 
616.K+) 609, (6W), (695), (703), 80it(+) 
617.M 
617.8(*) 

1043, (1635), (1665) 

631.6 - 639.2 635.lt 703, 131*3, 1665 

61*3.8 - 65I.I* 6Ult.62(») Wt3(»), (613), (6lt0), (697), 
6U8.lt9 93it, 961 

729.0 - 737.0 733.03 >*33, (U59), (1256) 

822.3 - 829.0 82U.7(+) 6l6(+), 703(+), 80l»(+), lOUU, 
825.72 1071 

S7U.5 - 880.1 877.81 758 

881.3 - 887,9 8811.57 Ct5»*), 1388, 11*16 

887.5 - 895.0 889.13 
892.21 

10l»l*, 1071, 1U16 

http://586.lt
http://5B6.lt
http://635.lt


I'ABUE XI (cont.) 
208 

Oe(ti) G»te Gated Photopeak11 Coincident Caiima R;iya Observed 
(keV) (keV) (keV) 

918.0 - 925.a 921.62 3U0, 127I4, 1302 

930.0 - 938.2 93U.li* (307), 3I10, U5U, 511, ( w o ) , 
6U8, 703, (998), ( I I69) , 
133?., 13'lO, (1U13), 11(65 

9U3.9 - 952.1 9U8.0U 262, 291, 3ko, 3"»6, (7U6), 
1013, (1031), 103P 

957.6 - 966.0 961.8U 307, 3'*0, -,98, l*5li, 511, 570, 
(635), 61(8, (681), 703, 998, 1169, 
1262, 13?7, 1338, 13fc0, 1U13, 1I485 

103U.5 - IOU1.5 1038.Uk 307, 9'*«, 129>* 

10U1.5 - 101*7.6 10U3.U6 538, 613, 7«*3(+),(793)(+), 
10U5.9(+) <8o3)(+), (825), 889, ( U 9 9 H + ) , 

1228 

1067,1*. 1075.8 1071.65 538, 825, 889, 98U, 1228, 
1322, 1375 

1290.9 - 1298.9 129>*.89 262, 291, (3>tO), 1038 

1898.0 - 1307.0 1302.W 229, 307, 1)22, 1*66, 590, (658), 
921, (972), 986, 998, 1U9 

1356.8 - 1365.2 1360.79 2»*9, (253), 283, 1*33, (1*99), 
(770), 9"»1, (1033) 

http://93U.li*


209 

TAiJIJi XI (cent . ) 

Ce(Li) Gate Gj.tud Photopear.' Coincident Gammij Rriya Observed 
(kcV) (lieV) (keV) 

i.;.:U.:: - 1392.fi 1320.112 'Ay, 858, (666) , <•&*, 9S1, 

1031, (1109) 

i : 9 s . 7 - l W . l IU03.10 (172), 3'i6, (558), 583 

l '4l0.7 - 11H9.S 1413.SU ( M 6 ) , o£J), 892, <)lk, Qol, 981, 
1M6.10 1033., (1109) 

1553.0 - 1562.9 1557.8U 192, v9fi, 775, 81*?, 866, (992) 

1631.5 - 1639.8 1635.81 (613), (697) 

1639.8 - 16I1O.I 16M».03 253, 316, 579, 656 

I660.O - 1670.0 1665.33 332, 607, (617), 623, 635, 6U2, 7C9 

1667.S - I69K.8 16 9 ? , 3U 607, 700 
1697.2 

1905.0 - lgHt.o 1909.69 y& 

^hen more than one photopeak appears in a gate the principal Cd 
decay pea? is underlined. 

Coincidences in parentheses were Marginal. 

<*) - This is a transition in 1 0 5 A g e or 1 0 5 A c n decay. 

(+) - this is a transition in 1 0 6 A g e or ^ A g * decay. 

http://1392.fi


Figure 

45. A portion of the ° Cd y-ray spectrum coin­
cident with the 632- 639 keV and 604- 612 
keV gate*. The 607- by 1665-JteV and 635-
by 1665-kaV coincidences indicate the 
lf65.33-keV peak observed in Y~r*y singles 
spectra to be a doublet. 
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portion of both the 632-639 keV gate (635.4-keV Y-ray, 
placed 2326 to 1690 keV) and the 604-612 keV gate (607.22-
keV Y-ray, placed 2326 to 1718 keV). The two members of 
the 1665-keV doublet were found to have energies of 1665.20-
and 1665.65-keV (in the upper and lower spectrum, respec­
tively), and the relative intensity of the 1665.65-keV tran­
sition was found to be 75 t 14 through comparison with the 
1693.34-keV peak in the lower spectrum. This left a net 
relative intensity value of 203 ± 18 for the 1665.20-keV 
transition. 

Through techniques as described above and in Section 
III.B.3., eighteen multiplets were resolved and the relative 
intensities, as determined from singles spectra, wrce split 
between the members of the multiplets. These cases are 
indicated by the note "C" or "MC" in Table X. In addition, 
energy sums and differences between established levels in­
dicated the possibility of eleven doublets, although no 
evidence was found for these in any coincidence spectra. 
In these cases, limiting relative intensity values were 
determined from Y-ray singles and/or Y-Y coincidence spectra. 
These limiting values are listed in Table X and noted by the 
transition assignment being placed in parentheses and by the 
note "i" or "Si". 

C. Construction of the flg level Scheme. 
In Figures 46, 47, 48, 49, 50. and 51. I present the 

105 
level'scheme of Ag as determined in this investigation 
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Figures 

46. The partial decay scheme of 55.5-min l 0 5Cd 
including 6 /EC feedings to the levels of 

Ag between ground and 1400 keV. 

4?. The partial decay scheme of 5S.5-min l 0 Cd 
including B /EC feedings to the levels of 
1 0 5Ag between 1400 and 1720 keV. 

48. The partial decay scheme of 55.5-min Cd 
including EC feedings to the levels of 
1 0 5Ag between 1720 and 2200 SceV. 

105 
49. The partial decay scheme of 55.5-min Cd 

including EC feedings to the levels of 
1 0 5Ag between 2200 and 2320 keV. 

50. The partial decay scheme of S5.5-min 1 0 5Cd 
including EC feedings to the levels of 
1 0 5 A g between 2320 and 2410 keV. 

51. The partial decay scheme of 55.5-min 1 0"Cd 
including EC feedings to the levels of 
1 0 5Ag between 2410 and 2600 keV. 

&a.f.£& 
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IAB1D XII. 1 0 5 Ag Level* Obier*ed in theJ^/BC Decay of 55.5-min 5 / 2 * 1 0 5 Cd 

Saerar Absolute 
b 

0 108 f t Rote J* A i s i g n e n t J-Value 1 2 
C S 

i j 
(kev) $** BC Branch* ( 3He,d) 

2 
C S 

i j 

0 0 - - c 1/2- 1 0.1(6 
25-5 5 l A U.O 5.U 7 /2* 
53-2 0 - - c 9 /2* li 1.57 

31*6.87 < 0 . 0 6 - <.,.! d 3/2" 1 0.21 
1*33.2^ 0 - <10.1 d 5/2" (3)? 
877.81 0.15 0.03 7-3 3/2 "*• T 0.19 
987.3 1.67 O.ll* 6 . 2 5/2* 2 0.52 

1023.68 0.0lf2 0.09U (7.8) e 7 / 2 " * 
1CA2.68 0.13 0.13 (7.3) e 5 / 2 " * Seen 
1097.1 < 0 . 0 2 - <8.o d 9/2* Seen 
U66 .7 0 - < 9 . 6 d 5/2" V Seen 
1243.1*1 0.070 0.01(2 7.U 5 /2-
1 2 ^ . 8 9 < 0 . 0 1 - < B . l d 1/2* 0 0.17 
1327.9 3.05 0.23 5.7 5 /2* 2 0.86 
1386.3 0.16 0.09 6 .9 3 /2*. 5/2* 2 0.08 , 0.06 
lttl6.1 0.009 0.009 (8.2) e (1/2 ", 3 / 2 ' , 5/2") 
lWtl.7 3-17 0.21* 5.6 5/2* 2 0.03 
1557.8U 2.25 0.16 5.7 3/2* 2 0.12 
1586.8U <0.O05 - <6.k d 1/2* 0 0.0U 
1635.8 5.08 0.33 5 .3 r 3/2* and 5/2* 2 0.16 , 0.12 



TA3LS :<X1 (cent.) 

a»erey Absolute « > D log f t Kote J* Assienoent i-Value 1 C 2 3 . . 
<kcV) 4*+ EC Branch" ( ^ e . d ) 

> 0 . 9 l <6.o c 3/2* 
sa.15 < 5 . 9 B 5 /2* 

1656.2 0.2!* 0.07 6 .6 (7 /2)" 
1669.5 0,58 0.07 6 .2 h 5/2*. (3/3*) 

0.50 0.07 6 . 3 i 5/2*. (3/2*) 
I690.7 0.U5 0.10 6 . 3 5/2*. (3/2*) Seen 
1718.9 0.089 0.09 (7 .0 ) e 9 /2* 
1750.03 1.11 0.09 5.8 5/2* 2 0.08 
lT9lt.lt 0.02 0.05 ( 7 . 5 ) e 7 /2* It 0.1*5 

(1B8M) 0.16 0.01 6 .6 (7/2*)? 1 1 . ( 2 ) 1.21 
1E85.6 0.12 0.03 6 .7 5/2*. 7 /2* 

1 1 . ( 2 ) 

1923.0 2.9"« 0.19 5 .3 7 / 2 * h 0.67 
1986.3 3.17 0.21 5.2 5/2* 2 0.05 
2081.7 0.95 0.07 5.6 5/2*, 7 /2* Seen 
2156.3 0.71* 0.07 5.6 3/2* Seen 
23^9.148 1.53 0.12 5.1 3/2* ISeen 
2256.5 1.11 0.09 5 .3 5/2* 

ISeen 

2300.1* 1.73 0.12 5.0 h 3 /2*. (5/2*) 
0 .33 0.03 5.7 i 3 /2* . 5/2* 

2308.30 0.72 0.07 5.3 5/2* 
Zllk.6 0.6k 0.05 5.U 7 /2* * 

http://lT9lt.lt


TABIC XII (cont.) 
btrta 
Jk*V) 

JUuolate log f t Mote J* A*signkent I-waiUB 

( 3 He,d) 

2326.13 8.53 0.53 4.2 h V2* " 
8.01 0,5^ 4 .3 i 5/2* 

2J28.03 1.33 f.Ll 5.0 h 5/2*. 7 /2* • 
0.42 0.05 5.5 i 3/2*. 5/2*, 7 /2* 

2333.26 4.44 0.28 4.5 3 /2* 
2371.74 0.45 0.04 5.4 5/2*. 7/2* 
2400.37 0.61 0 .06 5.2 3/2* 
2419.2 0.52 o.oe 5.3 h 5/2*. 7 /2* 

0.34 0.05 5.4 1 5/2*, 7 /2* 
21*32.99 0.67 0.05 5.1 V2* 
2429,19 0,52 0.06 5.3 V2* . 
2 * 7 . 2 0 0-39 0 .03 5.3 b 5/2*. 7 /2* 

0.22 0.03 5.6 1 5/2*. 7 /2* 
21*73.0 0.45 0.06 5.2 5 / 2 + , 7 /2* 
2494.8 0.056 0.038 6 .0 3/2*. 5/2*. 7/2* 
2550.47 0.45 0.04 4 .9 3/?*, 5/2* 
2584.1 0.052 0.014 5.7 5/2* 

tfiiltiplet 

Seen 

(Seen) 



Encrff Abiolut* 
(keV) J}+ SC Branch 

?ooo *0.2if 
2390 > 0 , ^ 9 
-zWo >O,0llfi 

-3535 »0 .003 
-25S0 >0,006 
.2590 >0.002 
-2600 > 0,015 
-2620 >o.oo3 
-2685 >0 .002 

ioi; f t 'iloit l-V-.l-J 

•S6.3 
•S7.1 
« 5 . 7 
< 7 . T 
•So.? 
<-">.7 
< 6 . 5 

Prob.'il.-!y 

V2*. 0/2*. 7/2* 

(Aon) 

'!«!!. iolrf. 

105, Cd. "This i t the nuaber of decays t o t h i s l e v e l per too decays of 
A l l uncertainties are one standard deviation. 
A xero B/BC brwch to t h i s l eve l was assumed. 

The Intensity balance resul ts in a negative p /HC feedine. Tire log f t l imit i s the result of adding the 
uncertainty value to the calculated value. I f t h i s rcsultinr, feeding Mas s t i l l negative, the log f t l imit 
was obtained by assuming » nnxinum feeding of 0.1 re lat ive ganma-ray units . 
The intent l ty balance resu l t s in a pos i t ive fl /HC feeding, but due to the large uncertainty a zero beta 
branch cannot be rules out. The log fjt value i s regarded essent ia l ly as a lower l imi t . 
Thi» level i * thought to be two separate l e v e l s . This feeding and log f t value represent decay to both 
l e v e l s . The Ion f t value, then, i s a lower l imit for each l e v e l . 



1'ABLE XII (cent.) 
eThe log ft limits ari#e froai performing the intensity balance using only the transitions which can 
unambiguously be assigned to the level of the given J* • 
*Vhls feeding and log £t are the limits resulting from performing the intensity balance using all 
multiply assigned (dotted) transitions. 

iIhis feeding and log ft are the limits resulting from performing the intensity balance omitting all 
multiply assigned (dotted) transitions. 

TJhese arc levels whicli may be placed at E- , (E+ 25-5)- > or (E+ 53.2)-keV. The approximate enerey 
value is the >rsy energy (these are labeled "A" in the 7-ray list) plus -25 keV. 
The (^He.d) data is from the work of Anderson and Kraushaar (7 rAn). 
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of the decay of 55.5-min 5/2 + 1 0 5 C d . The levels along with 
thoir properties as determined in this study and in the 
l04rd (3Hc,d) 1 0 5 A g reaction study (75An) are tabulated in 
Tabic XII. The notation in Figures 4C-51 is the same as in 
Tabic xil. Energies and relative intensities of the Y-rays 
arc tabulated in Table X and presented on the figures ver­
tically above the Y-ray transition line vith the relative 
intensity value in parentheses. Intensities given on the 
figures as (B96 + 15), for example, indicate Y-ray intensity 
plus theoretical conversion electron intensity (68Ha), 
respectively (except in the case of the 27.70-keV transition 
for which the conversion electron intensity was determined 
from an intensity balance assuming no direct B +/EC feeding 
to the 53.2 keV level). Energy gates were set in the Y-Y 
coincidence experiment on those Y-rays depicted with a dot 
on their upper end, whereas those Y-rays observed in the 
resulting coincidence spectra are indicated by a filled dot 
at their lower end. Marginal coincidences are indicated by 
open circles at the lower end of the transition. Dashed 
transitions signify either transitions for which the relative 
intensity value is an upper limit or transitions which are 
also placed elsewhere in the level scheme with no evidence 
to support on* placenvent over the other. These transitions 
are indicated in Table X by parentheses placed around the 
transition assignment. 

In making intensity balances to determine direct 
3 +/2C decay feeding to the levels of ' Ag, I assumed that 
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there was no direct S +/EC decay from 5/2 + 1 0 5 ( M to the ground 
state (l/2~) or to the 53.2 keV excited state (9/2 +). The 
Q E C value for Cd of 2800 t 100 keV of Wapstra and Gove 
(71Wa) and the log Iff + '*) tables of Gove and Martin (71Go) o o 
were used to calculate logft values. As noted in Table XII, 
when two logft values are given for a level, one value arises 
from performing the intensity balance for the level without 
including any dashed transitions, and the other arises from 
including them. 

105 At the time this investigation of the decay of Cd 
was initiated, only one excited state was firmly established 
in Ag (74Bel). This was the 7.23-min isomeric level at 
25.5 keV which decays principally by a highly converted 
transition to the ground state of Ag and by a 0.34% EC-
branch to Pd (53Jo, 69Ho, 72Kr). During the course of 
this investigation, the excited states of Ag were studied 
via the Pd ( He,d) Ag reaction by Anderson and Kraushaar 
(75Anl). Their data w«re used to aid in the placement of 
levels and the assignment of spin and parity values. 

The second excited state of Ag was observed in the 
{ H«,d) reaction and is placed at 53.2 keV on the basis of 
* 27.7Q-k«V transition (to the 25.5 keV level) as well as 
the observation of numerous 27.7 keV differences between 
Strang Y-raya. The levels at 346.87, 433.24, and 877.81 
keV were observed in the ( He,d) reaction, and their energies 
are based on observed y-transitions to the ground state. 
In addition, the placement of the level at 877.81 keV is 
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substantiated by a 346.87- by 530.95-keV coincidence. 
The level at 987.3 keV was observed in the (3He,d) 

reaction and is placed on the basis of a 346.97- by 
640.46~keV coincidence as veil as transitions to the 
levels at 25.5 and 53.2 keV. The level at 1023.68 keV is 
placed by a 433.24- by 590.44-keV coincidence. The levels 
at 1042.68, 1097.1, and 1166.27 keV were all populated in 

3 the ( He,d) reaction. The first and third of these are 
placed by coincidences indicating transitions from them to 
the 433.24 keV level. The 1097.1 keV level is placed on the 
basis of transitions to the 25.5 and 53.2 keV levels. 

The level at 1243.41 k«V is placed by 346.87- by 896.61-
keV and 433.24- by SlO.lO-keV coincidences. The level at 
1294.89 keV was observed in the C'He,d) reaction and is 
placed on the basis of a y-ray of this energy as well as 
several coincidences. The levels at 1327.9, 1386.3, and 

3 
1441.7 keV were observed in the ( He,d) reaction and are 
placed by coincidences indicating feeding to the level at 
987.3 kev, The level at 1416.1 keV was placed on the basis 
of a strong 1416.10- by B92.21-k«V coincidence (» 2308.31 
keV) indicating a cascade from a level at 2303.30 keV 
which is established by other coincidences. The level 
placement at 1416.1 k«V rather than at 892.2 keV is supported 
by the failure to observe any coincidences higher in energy 
than 1416 keV in the 887-895 kaV coincidence gate, although 
the background above 1416 keV was virtually nil. The levels 
at 1557,84 and 1586.84 keV were seen in the (3He,d) reaction 
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study and are placed on the basis of y-rays of these energies 
as well as numerous coincidences indicating feeding to 
established lower-lying levels. 

The two levels at 1635.8 kev are placed on the basis 
of numerous coincidences including 1071.65- and 1044.0- by 
538.67-keV, 1302.46- by 307.83-keV, and 877.81- by 758.07-

3 keV. The ( He,d) reaction study observed an excited state 
at 1635 - 4 keV. My proposal that there are actually two 
excited states is based on the observation of strong -,-tran­
sitions to lower-lying levels having spin and parity values 
of 9/2 and 1/2". (This will be discussed in more detail 
in the next section, dealing with the assignment of spin and 
parity values.) 

The level at 1656.2 keV is established on the basis of 
609.45- and 1042.7- by 613.5-keV coincidences as well as a 
marginal 695.76- by 613.5-keV coincidence. The level at 
1669.5 keV is placed by 1360.79- by 283.29-keV and 346.87-
by 1322.20-keV coincidences. The excited state at 1690.7 
keV was teen in the t He,d) reaction and is placed by 1388.49-
by 249.41-keV and 961.84- by 703.46-keV coincidences. The 
level at 1718.9 keV is placed on the basis of transitions 
to the 25.5 keV and 53.2 ktiV levels (1693.34- and 1665.65-
kiiV, respectively). These transitions were both observed 
in the coincidence spectrum from the 604- 612 keV coincidence 
gate. 

The levels at 1750.03 and 1794.4 keV were both seen in 
the ( Ha,d) reaction and are placed on the basis of coin-
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cidcnces indicating feeding to the level at 1327.9 keV as 
well as several additional coincidence*. The tentative 
level at 1884.9 keV is placed on the basis of the observa­
tion of a high-spin tt = 4) level at 1880 ± 6 keV in the 
( He,a) reaction and the observation of a relatively intense 
1831.67-keV Y-ray which was not observed in any of the coin­
cidence spectra. The level at 1885.6 keV was placed on the 
basis of several energy sums involving otherwise unassigned 
y-rays as well as a marginal 1360.79- by 499.45-keV coincidence. 
The levels at 1923.0, 1986.3, and 2081.7 keV were all observed 
in the ( He,d) reaction study and were placed on the basis 
of coincidences indicating transitions from all three to the 
1097.1 keV level as well as several additional coincidences 
and numerous precise energy.sums. The level at 2156.3 
keV is placed by 1557.84- by 598.54-keV and 961.84- by 1169.09-

3 
keV coincidences and was observed in the ( He,d) reaction 
study. 

The level at 2249.48 kev is established by numerous 
coincidences, including 346.87- by 1902.79-keV, 961.84- by 
1262.24-keV, and 1644.02- by 579.97-keV. The level at 
22S6.5 keV is established by coincidences indicating tran­
sitions to the levels at 433.24 and 346.87 keV. A level 

3 
was seen at 2255 * 7 k«V in the ( He,d) reaction and undoubt­
edly is one of these two states. The excited state at 
2300.4 k«V is placed by one good coincidence, 1388.48- by 
058.95-keV, as well as by two marginal coincidences and 
several precise energy sums. The level at 2308.30 kev is 



230 

placed by several coincidences indicating transitions to the 
levels at 346.87 keV and 1294.89 keV. The excited state at 
2314.6 keV is established by several coincidences, including 
433.24- by 1881.36-keV, 961.84- by 1327.20-keV, and 1302.46-
by 9B6.9.1--keV. 

The level at 2326.13 keV ia established by eight good 
coincidences and three marginal coincidences. The level at 
2328.03 keV is established unambiguously by a 1360.79- by 
941.60-keV coincidence. The level at 2333.26 keV is placed 
on the basis of eight coincidences and an intense Y-ray of 
this energy. In the ( He,d) reaction a multiplet of excited 
states was observed at 2332 * 6 keV. The excited state at 
2371.74 keV is placed by a strong 433.24- by 1938.50-keV 
coincidence. The level at 2400.37 keV is placed by several 
coincidences, including 346.87- by 2053.60-keV and 961.84-
by 1413.24-keV. 

The level at 2419.2 is placed by 1693.34- by 700.04-
keV and 1071.65- by 1322.20-keV coincidences. The level at 
2422.99 kev is established by a 1388.48- by 981.50-keV 
coincidence as well as by two additional marginal coincidences. 
The level at 2429.19 keV is placed by two good coincidences, 
1557.84- by 870.88-keV and 433.24- by 1995.97-keV. One of 
these three levels is undoubtedly the same as the excited 
state observed at 24:20 * 7 keV in the (3He,d) reaction. 

The levels at 2447.20 and 2473.0 keV are placed by 
coincidences indicating transitions to the 987.3 kev level 
as well as by additional coincidences and several good 



231 
energy suns. The excited state at 2550.47 keV is placed by 
coincidences indicating transitions to the levels at 346.87 
and 433.24 keV. The levels at 2494.8 and 2584.1 keV are 
placed solely on the basis of energy sums involving lower-
lying excited states and otherwise unassigned Y-rays. 

Nine additional excited states are listed at the end 
of Table XII, two or three of which may have been observed 
in the { He,d) reaction study. These nine levels involve 
unassigned Y-rays which either cannot be placed into levels 
above 433 keV because of Q_- and are not coincident with the 
346.87-keV or the 433.24-keV transition or cannot be placed 
into any levels above the 53.5 keV level because of QEC-

These Y-rays are noted in Table X by the note, "A". The 
level energy given in Table XII is approximately E plus 
25.5 keV, however any one of three level energies is possible 
as is noted in a footnote to Table XII. Ho other Y-transi-
tions listed in Table X could be placed from these nine 
levels, (27 different possible level energies) to any 
established levels, hence the calculated logft values are 
given a* upper limits. 

* D. spin and Parity Assignments. 
The spin and parity (J11) assignments of the levels of 

1 0 5 C d observed in the B +/EC decay of 55.5-min 5/2 + 1 0 5 C d 
are presented in Figures 46-51 and in Table XII. These 
assignments are based on logft values for the B /EC decay 
of 1 0 5Cd, the i-transfer values determined in the l 0*Pd 

*J££ p,cl5( 
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( He,d) 1 0 5 A g reaction study (75Anl), the -,-ray de-
excitation patterns between levels, and some systematic con­
siderations. The ground states of cd and Ag have been 
measured to be 5/2* and 1/2", respectively (69Fu). The 
25.5 keV isomeric state in 5Ag has been assigned as 7/2 + 

based on L-conversion subshell ratios of the 25.5-keV 
transition which favored an E3 transition (53Jo, 74Bel). 
The 7/2 assignment is also suggested by analogy with the 
"'Ag and 1 0 9 A g 7/2 + E3 isomeric states (69Ho, 74Bel). 

The 53.2 keV level was observed in the ( He,d) reaction 
with an e-transfer value of 4, limiting its spin and parity 

+ + 2 
assignment to 7/2 or 9/2 . The large C S,J spectroscopic 
factor obtained, indicative of strong single particle char­
acter, together with general shell model considerations 
favor the 9/2 + assignment. The 9/2+ assignment is also 
suggested by analogy with Ag and Ag, both of which 
possess a 9/2* excited state lying just above the 7/2 + 

isomeric state in energy (71Be, 72Be2>. The 9/2 + assign­
ment is consistent with the lack of any observed transitions 
from the eight definite 3/2 + excited states of l 0 5 A g to 
the 53.2 kev level. 

The excited states at 1294.89 and 1586.84 keV were 
observed in the ( He,d) reaction, each with an ^.-transfer 
value of zero. Hence, they are both assigned as 1/2* 
states. The iogft limits of »8.1 and >8.4, respectively, 
are consistent with second forbidden B +/EC decay. All 
transitions placed out of each of these levels are con-
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sistent with being Ml, El. or E2 transitions deaxciting a 
1/2* state. 

The eight excited states, 1557.84, 2156.3, 2249.48, 
2308.30, 2333.26, 2400.37, 2422.99, and 2429.19 k«V, all 
have logf_t values <5.7 and have strong y-branches to the 
1/2" ground state. Thus, they are all assigned as definite 
3/2+ states, consistent with allowed 6+/EC decay from a 5/2 
parent and El Y-transitions to a 1/2" state. The 3/2+ 

assignment of the 1557.84 keV level is also consistent with 
the It-value of 2 determined for this level in the ( He,d) 
reaction study. All transitions placed as deexciting these 
eight levels are consistent with being Ml, El, or E2 (e.g. 
none of these levels is observed to decay to any 9/2 states). 

The five levels, 987.3, 1327.9, 1441.7 1750.03, and 
1986.3 keV were all observed in the ( He.d) reaction via 
strong 1* 2 transitions, limiting their J* assignment to 
3/2*' or 5/2'*'. All five levels are observed to decay via 
strong y-bronches to the 9/2* state at 53.2 keV, hence 
they are all assigned as definite 5/2+ states. Their logf_t 
values, all <6.2, are consistent with this assignment. 

The excited states at 346.87 and 877.61 keV were 
observed via t« 1 transitions in the ( He,d) reaction, 
limiting their J* assignments to 1/2" or 3/2". The observa­
tion of « strong Y-transition from 5/2+ 1750.03 keV level 
to the 346.(7 keV level requires a 3/2" assignment for the 
346.87 keV level. It has been suggested (75An) that the 
877.81 k*V level is 3/2". This i* also suggested by 
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107 109 analogy with Ag and Ag which have known 3/2~excited 

states at 786.7 keV (74Pa) and 701.9 keV (71Be), respec­
tively. This assignment is supported by my observation 
of feeding from two levels which are possibly 5/2 + (1635.8 
and 2300.4 keV), although I cannot completely rule out a 
1/2" assignment. 

The excited state at 433.24 keV was observed in the 
( Ne.d) reaction and an d-value of 3 was suggested (74An). 
The large logft value (>10.1), the observation of a prompt 
Y-transition to the 1/2" ground state, and the observation 
of a strong feeding from the 3/2' 1557.84 keV level suggest 
possible assignments of l/2 +, l/2~, 3/2", or 5/2". The 
observation of strong transitions to the 433.24 keV level 
from *• 4 states at 1794.4 and 1923.0 keV requires that the 
assignment be 5/2" and, further, that the 1794.4 and 1923.0 
keV levels be assigned as definite 7/2 + states. 

The three states, 2256.5, 2326.13, and 2584.1 keV, 
must be 3/2*. 5/2*, or 7/2* based on having logft values 
5.7, indicating allowed B +/EC decay. The 2256.5 keV level 
is assigned as 5/2 based on the observation of strong 
Y"branches to the 3/2" 346.87 keV level and to the 5/2" 
433.24 keV level. The 2326.13 and 2584.1 keV levels are 
assigned as 5/2* based on observed transitions to both 
9/2* and 1/2* states. 

The states at 1097.1 and 1718.9 keV deexcite via 
transition* solely to the 7/2 + 25.5 keV and the 9/2* 53.J 
keV states. They are not directly fed by & /EC decay and 
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are not fed from any 3/2 states. They are fed by y" 
transitions from established 5/2 states. Hence, they are 
both assigned spin and parity of 9/2*. 

The nine levels, 2081.7, 2300.4, 2314.6, 2328.03, 
2371.74, 2419.2, 2447.20, 2473.0, and 2550.47 keV, all have 
logft values 5.E and are hence limited to j" values of 
3/2+, 5/2+, or 7/2 +. Five of these (2081.7, 2371.74, 
2419.2, 2447.20, and 2473.0 keV) are further limited to 
5/2* or 7/2+ as they have strong y-ray branches to 9/2+ 
states. The 2300.4 keV level is limited to 3/2 + or 5/2 + 

by a transition to the 3/2~ 346.87 keV level, with the 
3/2 assignment favored by the possible placement of the 
2300.57-keV transition to the 1/2" ground state. The 2314.6 
keV level is limited to 3/2 + or 5/2 + by a transition to 
the 1/2+ 1S86.84 keV level, with the 5/2 + assignment favored 
by a possible (dashed) transition to the 9/2+ 1097.1 keV 
level. The 2550.47 keV level is limited to 3/2+ or 5/2 + 

by a transition to the 3/2~ 346.87 keV level. The 2328.03 
kev level is limited to 5/2+ or 7/2+ only if the 2274.B3-
keV dashed transition may be placed to the 9/2+ 53.2 kev 
level. 

In the < Ke,d) reaction a strong i« 2 transition was 
observed at an energy of 1635 s 4 kev. I have placed two 
excited states at 1635.1 keV, one with JT « 5/2+ and the 
other with J* * 3/2+. on tho basis of transitions to the 
lower-lying f/3 + states (one of which was confirmed by 
coincidence data) and a strong transition to the 1/2" 
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ground seat*. The evidence for the placement of two levels 
la aa follows! (1.) a 1071.65- by 538.67-keV coincidence 
(1097.1 * 53B.7 > 163S.8 ksV), (2.) a 1582.56-keV transi­
tion placed to the 53.2 keV level (1582.6 + S3.2 - 1635.8 
keV), (3.) a 1635.81-keV transition placed to the 1/2" 
ground state, (4.) a marginal 538.67- by 613.50-kev coinci­
dence, and (5.) a marginal 1635.Bl- by 613.50-keV coincidence. 
The first two points place an c-2 5/2+ level at 1635.8 keV; 
the third point places an t-2 3/2+ level at 1635.8 keV; 
and the final two points place a transition from the 2249.48-
keV level to both the 3/2+ and the 5/2* levels at 1635.B 
keV. The logft limits for each of these two levels result 
from using only the transitions which can be unambiguously 
placed as deexciting one or the other level. The logft 
value of 5.3 is the result for the two levels considered 
simultaneously and must be regarded as a lower limit for 
each level. 

Of the remaining twelve excited states, eight are fed 
directly by the B*/EC decay, having logft values ranging 
fror. C O to 7.4, These are the levels at 1243.41, 13B6.3, 
1651.2, 1669.5, 16*0.7, 1884.9, 1885.9, and 2494.8 keV. 
All are United to spin values of 3/2, 5/2 or 7/2, consistent 
with allowed or first forbidden 6+/EC decay. A J* value of 
5/2" is suggested for the 1243.41 keV level as it deexcites 
to levels with J* of 3/2", 5/2", and (possibly) 7/2* and is 
fed fro* 3/2* and 5/2* levels, Values of 3/2*, 3/2~, and 
5/2* cannot be ruled out, but seem unlikely in view of the 
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lack of observed transitions to 1/2" or 9/2* states. The 
13B6.3 keV level is limited to 3/2* or 5/2* by its t-valuo 
of 2 determined in the ( He,d) reaction. A 7/2~ assignment 
is suggested Cor the 1656.2 keV level as its only transition 
is to a level of negative parity with J >3/2. A J* value 
of 5/2* is suggested for the 1669.5 keV level on the basis 
of the relatively low logft value (-6.2), transitions to 
7/2* and 3/2" levels, and the lick of an observed transition 
to the 1/2" ground state. The 1690.7 keV level is suggested 
to be even parity because of its relatively low logft value 
(6.3). The strong transition to the 9/2+ 53.2 keV state 
limits it to being 5/2+ or 7/2+. The levels at 1884.9 and 
1885.6 keV are assigned as 7/2* (?) and 5/2+ or 7/2+, respec­
tively, based on the ( He,d) reaction study which observed 
an 4» 4 transition with some possible £* i component at 
1880 t 6 keV (74An). The 2494.8 keV level is assigned even 
parity based on the logft value of 6.0 (indicating a probable 
allowed 6+/EC transition). 

The fou: remaining states (1023.68, 1042.68, 1166.7, 
and 1416.1 keV), which may have no direct 6 /EC feeding, are 
all assigned odd parity and 3/2 <S J *-, 7/2, consistent with 
first forbidden B*/SC decay and with the lack of any ob­
served transitions to any lower-lying even parity states. 
The 1023.64 keV level is suggested to be 5/2" or 7/2" on 
the basis of a possible (dashed) transition to the 7/2* 
25,5 VeV state. The 1166.27 keV state is suggested to be 
3/2" or 5/2" as it was observed in the ( He.d) reaction. 



238 
The nine additional states listed at the end of 

Table XII and having no definite energy placement are 
suggested to be positive parity states with 3/2< J < 7/2. 
With only a single transition apiece placed out: of them, 
they each still have logf_t values <7.1, suggestive of 
being fed in allowed S+/EC decay. 

E. Diacusalon. 
This investigation of the decay of 5/2* 55.5-min 

Cd has offered the opportunity to examine the chcacter 
of a large number of xcited states in Ag. There are now 
49 excited states firmly established in 1 0 5 A g below 2.7 MeV 
and an additional ten states which are known to exist but 
cannot be definitely placed. On the basis of the y-ray 
deexcitation patterns and the logft valuea observed in thia 
study, and using the 1-transfer valuea of the 1 0 4Pd( 3He,d) 
105 

Ag reaction st«*y (75Anl), I have been able to assign 
unique apin and parity values to over half of these excited 
states. No detailed theoretical calculations of the levels 
of Ag have ever been reported. The general features of 
the low-ewjrgy ( <2 MeV) level structure of Ag nay be 
understood, however, by examining the level energy system­
atic* of the nearby odd-rcae nuclei and by comparing the 
105 

Ag level atructure with the reaults of a recent calcu­
lation of W 7 , l M A g i.veit by Parr <73Fa) who used a three-
proton hole plua quadrupole vibrator *odel. 

The levels of Ag provide an extension of both the 
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isotonic, N=58, and the isotopic, 2-47, odd-A level system­
atica. In Figure 52, I show the level systematic* below 
1 MeV for the N«58 odd-mass nuclei from E«41 to Z-47 (73Jo, 
74Ko, 74Me3). Also shown ia the position of the one-phonon 
excitation in each appropriate even-even core (3-1, A-l) 
and in the Sn-core ( 1 0 8Sn) in the caaa of 1 0 S A g (69B1, 69Xa, 
Vl'Fi, 101a, 72S12). The unfilled proton shell model orbitals 
lor these odd-A nuclei are the 2p. .- and lg-j,2 orbitals. 
Thus, the low-lying 1/2" and 9/2+ states may be understood 
as being single (quasi-)proton atatea. The l/2~ state falls 
to become the ground atate in Rh and Ag as a consequence 
of the pairing energy being greater in the higher-J lgg/2 
orbital (63Ki). The low-lying 3/2^ and 5/2^ sLaLcs may be 
explained as being the states expected from the coupling of 
the 2 P w 2 single proton state with the one-phonon core ex­
citation. The systematica of the 5/2^ and 7/2* states are 
of special interest, however. The 5/2 J level drops dramati­
cally to Just 15.« keV in 1 0 X T c . As the first 7/2 + state 
in "m is not known, the fall of the 7/2^ level ia not 
shown, however, the first 7/2 + state in Jjlnjg does not 
occur until at least 1 MeV </5Me). The b»havior of these 
states cannot be explained in terms of a quasi-particle-
plus-phonon model or an intermediate coupling model. The 
nearest 5/2* and 7/2 + single proton orbitals are located 
in the next major shall, and no particle-phonon coupling 
calculation sufficiently brings down the 5/2 + state in To 
or the 7/2 state in To, Kh, and Ag (63Ki). 
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Figure 

52. The lov-enargy (<1 Me7) level systematica 
ot the N » 58 odd-mass nuclei (this work 
and 73Jo, 74Xo, 74Me3). Also shown is the 
position of the one-phonon excitation in 
each appropriate even-even core (69B1, 
» V a f 70Ei, 70Ta, 72Se2). 



2*1 

-> T I 

\ \ 
/ ! 

- ^ 

• i 

/ "-4.. 

/ 

- - - - " ,——- / 



242 

The 7/2 state has been interpreted as being a three-
proton-hole state. This was first suggested by Talmi and 
Unna (60Ta) who proposed the configuration (lg„/2'7V2 f o r 

the state. In Ag, experimental evidence supporting this 
configuration is provided by the measured magnetic moment 
of the 7/2 , state of ±4.31 nuclear magnetons (69Fu). It 
has beim noted (69Ho) that, based on the empirical magnetic 
moment of +5.53 nm for a (*lgg/2' configuration determined 
from the odd-A indium nuclei, a pure ^1a/2l'i/2 s t a t e i s 

expected to have a magnetic moment of +4.30 nuclear magnetons. 
Recent theoretical calculations of the odd-mass silver nucle 
by Parr (73Pa) using a three-hole plus quadrupole vibration 
model and of odd-mass silver, rhodium, and technetium nuclei 
by Xuriyama et al. (72Ku, 74Kul) using a dressed-three-
quasi-particle model have also interpreted the 7/2 , state 
as having the principal configuration, ^'ia/2^1/2' I n b o t h 

calculations, the explicit treatment of the Pauli principle 
— 2 —1 in the valence shell results in the [(J ) , J ] multiplet 

bning split, with the J-1 coupling being brought down and the 
other four couplings (J-2, J, J+l, and J+2) being raised. 
This effect is particularly strong in the case of the lgg/j 

-2 
orbital, as the configuration Ulgg,,), makes a large con­
tribution to the one phonon excitation in this region. Thus, 
a low-lying 7/2* state with the configuration Ug 9/ 2^7/2 
is predicted for Tc, Rh, and Ag nuclei. The low-lying 5/2 
state in Tc (and Rh) has not been treated in detail, although 
Kuriyaraa et al. {72Ku, 74Kul> have suggested that the five 
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2 2 quasi-partir.le [(J ) , (J ) , J 1] configuration, which results 

in the lowering of the J-2 coupling, might be responsible. 
Kuriyama et al. have also demonstrated (74Kul) that the 

— 2 —1 coupling between a [(J )- J ] configuration and the single 
quasi-particle J-2 state froM the next shall (2d.,,) result* 
in the lowering of f-.he J-2 state. 

Detailed calculations of levels other than the 7/2 + 

anomolous coupling state have been reported (73Pa) only for 
107 109 an "average" ' Ag nucleus. In Figure 53, I present 

the systematic* of the odd parity levels observed in the 
odd-mass silver nuclei (69Be, 69Sc, 71Be, 7?%u3, 74Pa, 
75An2) along with the calculated odd parity levels (73Pa). 
Also shown ara the first and second 2 state in each appro­
priate even-avan (palladium) core nucleus (69Ro, 70Pi, 72Si2, 
74Be2) and the first 2 + stata in each appropriate tin "core" 
(69Co, 69Va, 70Br). The theoretical calculation appears 
to reproduce the level ordering and spacing vary well up to 
•t least 1 HaV. It may be noted however, that an intermediate 
coupling modal calculation night well result in an squally 
good fit to the experimental data. In that model, a pair 
2 P w 2 plus one-phonon states with J* » 3/2" and 5/2" ara 
expected near the first cora phonon energy, and five 2p±/2 

plus two-phonon states ranging from J* » 1/2" to J* • 9/2~ 
ara expected in the vicinity of the two-phonon energy. In 
point of fact, the three-hole plus quadrupola model deter­
mines configurations for these states which ara largely 

" l , 9 / 2 ' o 2 2 pl/2* p l u i o n * P n o n o n < o r t w o Ph°W">«} i» 
character. 



Figure 

The ayitematics of the odd parity levela 
observed in the odd-mass silver nuclei 
{this work and 69Be, 69Sc, 71Be, 73Au3, 
74Pa, 75An2). Also shown are the calcu­
lated odd parity levels (73Pa) for an 
"average" , l Ag nucleus and the 
positions of the phonon excitations in 
each appropriate palladium core (G9Ro, 
70Pi, 72S12, 74Be2) and each appropriate 
tin "core" (69co, 69Ya, 70Br). 
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In Figure 54, I preaent the low-energy systematica of 
the even parity levels in the odd-mass ailver nuclei (69Be, 
69Se, 71Bc, 73Au3) along with the level* calculated for an 
"average" 1 0 7 , 1 0 9 A g nuclaua. Aa in Figure 53, the Pd and 
Sn core quadrupola vibration excitations are alao indicated. 
Tha energy acale haa been adjuated ao that zero energy 
correspond! to tha 7/2 anomoloua coupling atata. It is 
clear from the lack of atatea near the Pd core one-phonon 
excitation energy that an intermediate coupling model cal­
culation would fail to account for the obaerved level struc­
tures. The three-hole plus phonon modal, however, appears 
to explain the two major features of the level structures. 
Tha first of these is the low-lying 7/2 + anomoloua coupling 
state. The second is the large gap between the 9/2*x level 
and the next even parity level, generally a 5/2* state. Thia 
latter characteriatic la particularly evident in Ag and 
107 

Ag and becomes less apparent aa the phonon energy decreases, 
reflecting a "softer" nucleus. All of the possible states 
resulting from a three-hole plus quadrupola vibration cal­
culation have not been calculated, therefore, it is not 
possible to Make a wore detailed comparison between the 
experimental data and the theoretical predictions in the 
c a n of the even parity excited states. 

I nave observed major electron capture branches (logft 
s S.5J frca> S/2* l q 5 C d to 17 levels in : l 0 5Ag between 2300 
k«V and 2*00 keV, In the cases of three level* in particular, 



Figure 

. The low-energy (< 2 MeV) systematica of 
the even parity levels observed in the 
odd-mass silver nuclei (this work and 
C9Be« 69Sc, 71Be, 73AU3). Also shown 
•re the calculated even parity levels 
(73Pa) for an "average" 1 0 7 ' l 0 9 A g nucleus 
and the positions of the phonon excita­
tions in each appropriate palladium core 
(69Ro, 70Pi, 72Si2, 74Be2) and each appro­
priate tin "core" (69Co, 69*a, 70Br). 
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2326.13, 2333.26, and 2550,47 k«V, tha d*cay branch** ar* 
especially strong, having logft values of 4.2, 4.5, and 4.9, 
respectively. Th« *h*ll modal val*nc* *tat*s for Cd and 

Ag ar* If7/0' 2^3/2' * n d l g9/2 £ o r P r o t o n * a n d ^7/2' 
2 d5/2' 2 d3/2 3 Sl/2' * n d l nll/2 f o r "• u t r o n*' T n * o n l y 
•ingle nuclaon EC-transition which i» not £-forbidden is 
, l g9/2 t o v i ,7/2" I n S n d«cay thin transition haa b**n 
obaervad to hava a logft of 4.S (71Ra), and th* 6~ transition 

117 in In dacay, vig7/2 t 0 tflSo/o* n " b , , n obsarvad to hava 
a logft of 4.4 (70B»). Tha alactron captura dacay data for 

Cd, tharafora, auggaat that tha strongly fad statss 
(logft * 5.5) above tha nautron pairing anargy (-2.1 HaV) 
ar* principally ona-proton-two-nautron statas. Th* EC-
decay mechanism would than involva tha transition from 5/2* 
1 5Cd, assumed to ba in tha fn(lg9,2'o v# {2is/2^i/2 c o n " 
figuration, to on* of tha many 3/2+, 5/2+, or 7/2* statas 
in Ag rasuiting from tha configuration) 

t l r i vf/2 < vl M 5 / 2 ' v2 1<37/2h,2,3,4,5,6*3/2, 5/2, 7/2* 
In tha Pd cora, a larga number of avan parity statas with 
1 <J <t hava bean observed in tha vicinity of l.t to 2.7 
M*V, and s*v*ral of theae hav* been suggested as condidates 
for being two quati-particle states (C90i, 71DO, 71Hu, 
72S12), It B*MM likely th*t several of these ar* two 
nautron stataa, and that *i'm *y state* in Ag miy b* 
explained by a coupling between tha l9 9 « hole state in 
* 0 5Ag and th* two-neutron states in th* l 0*Pd cor*. 

Th* strong ft*/ec-d*cay branch from 5/2* i 0 5ca to th* 
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7/2+ anomolous coupling state, with logft - 5.4, is some­
what difficult to understand in view of the predicted 
!1'9/2>7/2 c o n t i9uration for the 7/2+ state. The single 
nucleon 2+/EC transition, *l99/2 to v2d. ,,, is second for­
bidden, leading one to expect a much higher logjjt value 
( >10). In light of the preceding discussion of g+/EC-decay 
mechanisms it seems likely that this transition must involve 
a itl9a/2 t o u l g7/2 transition. Thus, the ground state of 

Cd must hava soma amount of the seniority three config­
uration 

l(nlg 9 / 2)| (wlg 9 / 2)^ 2 v l g 7 / a } 5 / 2 

mixed into it. The nlg 9« t o v l'7/2 6 +' E C transition 
would then result in leaving Ag in the 

[<«lg,/2>j"2 («19 9 / 2) _ 1 M91/2)ll7/2 

configuration, the proton part of which is just the 
'1,»/2*7/2 c o n f i9 u r*ti3n suggested for the 7/2+ anomolous 
coupling state. If the "bare" *l9 9s 2

 t o vl9 7/ 2 transition 
is assumed to have « logft value of 3.8-4.0, then the 
observed logft value of 5.4 could be accounted for by a 
mixing of only 2.5-4.0* seniority three configuration into 
the Cd ground state configuration. This is not unreasonable 
in view of the expected occupancy of the vl9 7/ 2 orbital in 
8 * 57 nuclei < Cd) and in view of the predicted prevalence 
of the <¥l9»/j^j two-proton hole configuration in the silver 
nuclei. 

In conclusion, it is clear that 4 three-hole nodel of 
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aona typa is necaaaary in ordar to explain tha 7/2* anomo-
loua coupling atata obsarvad in tha odd-mass silvar nuclai. 
Tha thraa-hola plus quadrupole vibrator modal of Farr success­
fully explains many of tha charactaristics of tha low-anargy 
laval structures in the odd-mass silver nuclai, however 
further theoretical calculations ara needed in order to make 
more detailed comparison between theory and experiment. 
More detailed level calculations using tha dressed three 
quasi-particle model of Kuriyama et_»i are also needed, 
ving a large number of well charac zed excited states, 
a level structure of Ag can now provide a good test 

of this theoretical work. It should be noted, however, 
that any theoretical model must include itv configurations 
among its basis statea in order to explain all of the 
observed even parity levels in Ag. 
NOTE ADDED IH IUCCF 

Just before the final printing of this nanuscript, a preprint 
reporting the results of a sti.'^ of the 107Ag (p,t) 105Ag reaction 
(F, N, Pol Vecchio, I, C. OelrJch and R. A. Maumann, J. Henry 
laboratory and Trick Chemical Laboratory, Princeton University, 
lYinceton, Hew Jersey 085*10 and to appear in Phys. Rev. C12 (1975)) 
v»s brought to qy attention, Thi? study along with reexamination 
of the results of ay wort provides th« following definite J* 
assignments (E(Jt)). 877.81 (3/8"), loa3,S8 (7/2-), 101(2.68 (5/a-), 
1166,37 (9/a-), (2276 (5/2+);, and 2314.6 (7/2+) keV. These 
assignments have been indicated in Figs. 1*6 to JU although the 
text s t i l l indicates the assignments originally nade without any 
knowledge of the (p,t) reaction study. 



APPENDIX I 
COMPUTER PROGRAMS 

In order to facilitate the handling of both one- and 
two-parameter nuclear decay acheme data, aeveral computer 
prograaw were written for operation on the University of 
Maryland UNIVAC 1108 computer system. All of the programs 
are written in either UNIVAC Asaenbly Language or in RALPH 
{which ia FORTRAN aa compiled by the U. of Md. FORTRAN/MAD 
Compiler). All of the programs operate under the current 
U. of Md. UNIVAC HOB ayatem with Exec 8 and conform to the 
currant specifications aa described in the U. of Md. Computer 
Notes (70UM, 71C1, 71Re, 73UM) and the UNIVAC Systems 
Reference Manuals (70UN, 73UN1, 73UN2, 74UN). 

Most of the prograaw deal with either the reading of 
data from magnetic tape, or the output of apectral data in 
special formats, or the processing of two~pai~ameter coincidence 
data. Generally, these programs are specific to the UNIVAC 
1108 ayatem with RALPH compiler and to the specific primary 
data acquisition systems (Northern Scientific coincidence 
system (71Apl) and Packard multi-channel analyser). Thus the 
computer codes will not be given here, hewaver descriptions 
of th« basic subroutines and main programs, along with their 
uses, follows. 

A. Subroutines, 
i, TAPKD 
This ia • RALPH subroutine which reads tapes, writes 

J5? 



253 

tapes, and write* end-of-file (EOF) narks on tape. It employs 
the Executive Request, IOW$ (73UN1), to do all of this. All 
tape handling errors (parity, power-drop, etc.) are handled 
by the computer operator. The routine is called as followst 

To readt CALX. TAPRD(NAME,BUP,SIZ,NWD,NCH,RET) 
TO write: CALL TAPWT(NAKE,BUF,SIZ) 
TO write EOF: CALL TAPEF(NAME) 

NAME » Filename (max. of 6 characters). 
BUF « Array to be read or written. 
SIZ » Huraber of words to nad or write. 
NWD » Actual number of complete words read. 
NCH • Number of excess characters read. 
RET « Statement number for return if EOF read. 

2, YBEAD 
YRRAD is an assembly language subroutine developed 

at the University of Maryland (73Si). I modified it so that 
its sole function is to road magnetic tape regardless of 
density, parity, or tape condition. To do this it employs 
the ONIVAC arbitrary device handler (73UN1). The calling 
nrogram is informed of any taw reading errors and has full 
discretion on how to handle them. The routine is called as 
follows; 

CAM. XREAD(UNJT,ARRAY,»WD,STATUS,PARITV.DENS,REC) 

UNIT * FORTRAN logical unit number of tape. 
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ARRAY » Array to be read (integer). 
'IWD » Maximum aize of ARRAY. 
STATUS » Returned statue of read. 
PARITY » Parity to assume during the read. 
DENS » Density to assume during the read. 
REC » Logical variable for attempting 

recovery or not. 

3. READER {primary) 
This is a RALPH subroutine designed to read magnetic 

tapes regardless of parity errors. It employs the Executive 
Request, IOWI$ (73W1), to do this. At the end of each read 
a status word is returned by the tape drive. This word is 
then examined bit by bit in order to determine if any errors 
occurred (73UN2). Before calling this routine from a main 
program for the first time, an alternate entry point muat be 
called to set up the handling of any error recovery. Before 
swapping tapes on a multi-tape job, this error recovery must 
be cleared and thin re-established after the swap. For most 
tape reading errors (particularly parity errors), the data 
is returned to th* calling program as read along with a CODE 
variable specifying the nature of the error. The calling 
program then has full discretion on how to handle the data. 
The routine is called as follows; 

TO sat up; CALL SETU»K(riLE,DATA,HAX,DKCK) 
To clean CALL CLIAIKFILE,DATA,MAX,DCCK) 
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To read: CALL READER(NW,NC,CODE,RETl,RET2) 

FILE * 2-word array for filename (max. 12 char.). 
DATA « Integer array to be read. 
MAX - Max. record size (one more than expected). 
DECK » Logical variable to determine 7-track 

or 9-track tape. 
NW - Actual number of complete words read. 
NC • Number of excess characters read. 
CODE » Code to inform about special errors. 
RETX - Statement number for return if EOF read. 
RET2 - " " " " in case 

of parity error. 

4. READER (modified) 
This RALPH subroutine is identical with the primary 

version of READER except that it initiates messages to the 
computer operator's console in the event of a tape drive 
power-drop. It tell* the operator to just restart the drive 
without worrying about the tape position. It then returns to 
the calling program through the parity error return. This 
version must be used only with a main program which 1.) is 
able to find the start of the next block of data without 
making an error handling a partial record, 2.) can afford to 
lose a complete data record, and 3.) is not engaged in a 
search for a particular tagged data record. All calling 
sequences for this version are the same as for the primary 
version of HEADER. 
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5. ST0RA1 
In the operation of both versions of READER, the tape-

drive status word is returned to accumulator Al in the 
computer. This accumulator cannot be directly accessed in 
HAI "'H (73UN1, 7lRe). Thus the purpose of this assembly 
language subroutine is to fetch the contents of accumulator 
Al and return it to READER. It is called as follows: 

CALL STORAl(STAT) 

STAT • Status word from tape drive. 

[NOTE: This routine must be included when using either version 
of DEADER.] 

6. MOVE 
This is an assembly language subroutine for the manip­

ulation of magnetic tapes. It will move tapes forward either 
by an integral number of records (stopping if an EOF mark is 
encountered) or by an integral number of files. Any errors 
or bad spots on the tape have no effect on the move. The 
routine is called as follows: 

Files: CALL XSK1PF(FILE,N,DECK) 
Records: CALL XSKIPR{FILE,N,DECK) 

FILE » 2"word array for the filename 
(maximum of 12 characters). 

N • Number of files or records to 
skip. 

I 
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DECK » Logical variable indicating a 
7-track or 9-track tape. 

[NOTE: This subroutine must be used for skipping files/ 
records when also making use of YREAD or either of the two 
versions of READER.] 

7. WRITER 
This is a RALPH subroutine which uses the Executive 

Request, 10W$ (73UN1), to write on tape, write EOF marks 
on tape, or to rewind tape. It is called as follows: 

To write: CALL TAPWT(FILE,BUF,MAX) 
To write EOF: CALL TAPEF(FILE) 
To rewind: CALL REW(FILE) 

FILE = 2-wori array for the filename 
(maximum of 12 characters). 

BUT • Array to be written. 
MAX « Number of words to write. 

8. WCRNCH 
This is a RALPH subroutine which outputs an integer 

array (eg_, spectrum) in a compressed format on punched cards. 
The maximum allowed value is 999,999,999; and all values must 
be greater than or equal to zero. An average 4096-channel 
spectrum will need approximately 200-250 cards. The last 
three columns of each card contain a sequencing number. The 
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routine is called as follows: 

CALL WCRNCH(NSPEC,N,TAG) 

NSPEC « Spectrum array. 
N • Number of channels in spectrum. 

TAG = 8-digit octal tagword of spectrum. 

9. RCRHCH 
This is a RALPH subroutine which reads data output by 

WCRNCH. It will check to be sure the cards are in order and 
will return information on where the disorder occurred. If 
the spectrum is not complete, RCRNCH will return the channel 
number of the first missing channel. The routine is called 
as follows: 

CALL RCRNCH(NSPEC,N,.TAG,NFLAG) 

NSPEC ™ Spectrum array. 
N « Number of channels expected. 
TAG » 8-digit octal tagword. 
NFLAG » 0, for successful read. 

.f-T. 0, for incomplete spectrum. 

.LT. 0, for disordered data deck. 

10, LPLOT 

This is a RAI.P;; subroutine whi-'h uses the line printer 
to plot a ipectrum array linearly along the length of the 
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computer paper. The full scale value of the plot is maximized 
at regular intervals as specified by the calling program. 
The plot will consist of 66 or 88 channels per page depending 
on which of the following control cards is inserted at the 
beginning of the run deck (respectively): 

@HDG,N .M,66,0,0 
or 

@HDG,N .M,88,0,0 .S,'PLEASE RESET PRINTER TO 8 LINES 
PER INCH' 

The output should be sent to one of the low-speed printers 
using the control card 

@SYM PRINT?,,PR 

The i'irst ten channels and the last four channels of the 
spectrum are not plotted. The routine is called as follows: 

CALL LPLOT(NSPEC,N,NGROUP,LABEL) 

NSPEC » Spectrum array. 
N - Number of channels in spectrum. 
NGROUP - Size of groups in which the full 

scale is to be maximized. 
LfcaEL • 8-digit octal tagword. 

11. HPLOTL 
This is a RALPH subroutine which uses the line printer 

to plot an integer spectrum array either linearly or 
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logarithmically horizontally on the computer paper. The plot 
is done at 120 channels per page with the first 20 channels 
of each page overlapping the last 20 channels of the previous 
page. The full scale value is optimized on each page. The 
routine requires the insertion of the following two control 
cards at the start of the computer run stream: 

?SYM PRINT?,,PR 
@HDG,N .M,88,0,0 .S,'PLEASE RESET PRINTER TO 8 LINES 

PER INCH' 

The first ten channels and the last four channels of the 
spectrum are not plotted. The routine is called as follows: 

CALL HPLCTL(NSPEC,N,LABEL,LG) 

NSPEC » Spectrum array. 
N » Number of channels in spectrum. 
LABEL = 8-digit octal tagword. 
LG = Logical variable to specify log 

or linear plot. 

12. APDER 
This is an assembly language subroutine whi^h increments 

or decrements a particular channel of a 4096-word spectrum. 
It is used in particular when the input channel number is 
from an 8192-channel spectrum and references a channel in a 
4096-word spectrum stored as half-words in a 2048-word array. 
Instead of performing several divide operations (integer divide 
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by 2, at 10.125 usee per divide) it uses one bit logical 
shifts (at 0.75 psec per operation). It also maintains the 
proper sign convention in half-word arithmetic by performing 
half-word operations with sign fill (71ci). The routine is 
called as follows: 

CALL ADDER 

All variables are passed back and forth through a labeled 
common block. (The 8192-channel original spectrum is 
converted to a 4096-channel spectrum stored as half-words in 
a /"'048-word array in order to conserve storage in the computer 
memory.) 

B. Main Programs for Coincidence Analysis. 
There are four main programs employed in the reduction 

and analysis of two-parameter coincidence data. All are 
written in RALPH and involve several of the subroutines just 
described. They are designed to be used sequentially, each 
program performing a specific phase of the data analysis. 
Thus any errors or problems which develop (computer mal­
function, bad tape, run-time limitations, etc.) will result 
in a minimal waste of computer time, in the event of minor 
errors, specifically tape reading errors, these programs are 
designed to discard data rather than risk processing incorrect 
data, the philosophy being that the loss of several hundred 
coincidence events is of little consequence when dealing with 
several million events. 



262 

1. WVWT 
This )jrogsam is the first step in the reduction of 

coincidence data. It employs the following subroutines: 
READER (modified), ST0RA1, HOVE, and HPLOTL. Its principle 
purpose is to read the raw coincidence data tapes (written 
by the Northern Scientific coincidence system), find all 
valid coincidence pairs, and output these pairs in a compressed 
format in standard UNIVAC 1108 36-bit binary to a master 
magnetic tape. 

The original raw data tapes are written as odd parity, 
7-track, medium density (556 BPI) binary. The coincidence 
pairs are written as pairs of 24-bit binary words, with one 
parameter (X) written as a channel number (0 to 8191) and the 
other parameter (Y) tagged by being written as a channel 
number plus 8192 (8192 to 16,383). A file on this tape 
consists of a 24-bit tagword, a record gap, 256 pairs of 24-
bit words, a record gap, and finally a file gap. In the 256 
pairs, a valid pair is indicated by an "X* event followed by 
a "Y" event (eg,. YXXYXVYXY. contains the three valid pairs which 
are underlined). 

This tape format is inconvenient for total processing 
of the data for a number of reasons, most of which involve 
computer time considerations. In future analysis all of the 
valid data must ba scanned and gates set on one or both of the 
parameters. However in the raw data format the data are in 
code, contain invalid events, and are on tape at a relatively 
low density. This last is of importance due to the time 
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needed merely to run through a tape. Each record gap involves 
3/4" of blank tape, and each file gap involves 3 3/< " of 
blank tape. Thus a 2400" raw data tape will contain only 
about 700/000-800/000 valid coincidence pairs. 

ANYOUT reads the raw data tapes (modified READER) 
ignoring any files in whiJh any type of tape reading error 
occurs. It finds all valid pairs, decodes the Y-event, and 
stores each pair as one 36-bit word. It then outputs the data 
in 500-word records as 9-track, odd parity/ high density 
(800 BPI) magnetic tape. In typical operatior., 4 to 4.5 raw 
data tapes are condensed to on-3 master tape (limited to 3.1 
million words). Along with the tape output, both any-
coincidence spectra are are stored in memory and are printed 
in both 8192-channel and 4096-chunnel format. These spectra 
may also be plotted (using HPLOTL) at the user's option. In 
case of computer malfunction, this program has the option of 
being rerun starting with the raw data tape which was being 
processed at the time of malfunction. 

The following specifications are necessary when running 
this program: 

a.) Computer time estimate — 6-7 minutes per input 
raw data tape, plus 8 minutes if the 
plots are requested. 

b.) Page estimate — - 150 pages without plots; 900 
pages with the plots. 
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c.) Input tape file control cards 
@AS3,TMO COINC,8C,KC N,NC N 
@USE 12.COTNC 

(NC are tape numbers. It is usually optimal 
to process only 4 vaw data tapes per run.) 

d.) Output tape file control cards 
@ASG,T OUTANY,8C9,NC R,NC R 
9USE 13.0UTANY 

(There must be at least 1 tape per 4 input tapes.) 

e.) Data cards - — 
CARD 1 12,12,15,12,12 

KTAPES = Number of input taoes. 
ENDFL - Normally left blank. 

= 1, if one or more tapes end 
early. 

STOUT • Number of good 500 word blocks 
on first output tape. Leave 
blank unless rerunning the job. 

PLTFLG « Blank if plots are desired. 
• 1, to suppress plots (Do this 

on reruns to save time.) 
EFF'uAG » Blank, then input tapes end 

with >3 EOF marks. 
* 1, then input tapes end with 

only 2 EOF marks. 

CARD 2 — - 1615 (optional) 
This card is used only when ENDFL = 1. 
Then each value indicates w,>en that input 
tape (in sequence) is to end (by file #). 

2. ALLCON 

ALLCON is an optional program which is used primarily 
when a rerun was necessary for ANYOUT or when ANYO U T was run 
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several times, processing the raw data tapes four at a time. 
In those cases, ANYOUT will not yield the complete any-
coincidence spectra for the two parameters, but only that 
portion which was processed in each run or rerun. ALLCON 
scans the master tapes output by ANYOUT and produces the 
any-coincidence spectra. These are printed and plotted both 
as 8192-channel and 4096-channel spectra. 

The run specifications are as follows: 

a.) Computer time estimate 6-7 minutes per input 
master tape, plus 8 minutes for plots. 

b.) Page estimate 900 pages. 

a.) Input tape file control cards =— 
9ASG,T VALIDPAIRS,8C9,NC N,NC N 
SUSE 12,VALIDPAIRS 

d.) Data cards 
CARD 1 12,IX,14 

NTAPES * Number of input tapes. 
LSTBLK « Number of 500 word records 

on last tape. 

3. GATES 
This is the principle program used in the analysis of 

coincidence data. It scans the master tapes produced by 
ANYOUT setting one to ten gates (restrictions) on one of the 
parameters. For each gate, a 4096-channel spectrum of 
coincident events is produced. This spectrum is printed, 
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plotted CHPLOTL), and written on magnetic tape. The limit 
of ten gates per run is the result of computer storage and 
run time limitations, as is the fact that the output spectra 
are compressed to 4096 channels even though the gates are 
applied to the original 8192-channel spectrum. These 4096-
channe* spectra are stored internally in half-word format in 
a 2048 word array and a.-e accessed by the routine, ADDER. 

In each run, the gates must be sot on only one of the 
two parameters (X or Y). Each gate is specified by six 
numbers which must be monotonically increasing: 

G l < G2 < G3 < G.j < G 5 < o 6 . 

G, and G, specify the low-energy background gate; G, and G 4 

specify the peak gate; G- and G, specify the high-energy 
background gate. All gate limits are included in the specific 
gate. Two separate gates may overlap on background gates, 
but no part of any other gite may overlap any peak gate. An 
error in setting up a gate will result in that gate being 
ignored. If the total number of background channels in a 
gate is more than two different from the number of peak 
channelst a warning that the gate may be in error will be 
printed. 

This program takes a large amount of computer time 
and results in a large number of output pages for each run, 
thus extreme care should be exercised in its use. In the 
event of a computer malfunction, the program may be rerun 
starting with the tape which was being processed at the time 
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of tho malfunction by inputting a value for the number of 
completed input tapes. 

The run specifications are as follows: 

a.) Computer time estimate — - approximately 15 
minutes per input tape for 10 gates, 
plus 15 minutes for plots. 

b.) Page estimate 1500 pages. 

c.) Input tape file control cards 
?ASG,T VALIDPAIRS,8C9,NC N,Nv.'_N 
@USE 12,VALIDPAIRS 

d.) Output tape file control cards 
(3ASG, T SPECTRATOTAL, 8C9, NC R 
@USE 13,SPECTRATOTAI, 

e.) Data cards 
CARD 1 — I2,AlrI2 

NTAPES = Number of input tapes. 
SIDE = X , if gates to be set on X-side. 

» Y , if gates to be set on Y-side. 
TDONE = Normally left blank except in 

the event of a rerun when it 
equals the number of already 
completed tapes. 

CARDS 2-11 (MAX.) 614 
One card for each gate giving the six 
channel numbers specifying the gate. 
(Maximum of 10 gates.) 
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4. NETSPC 
This program reads the spectrum tape output by GATES. 

The spectra are printed and at the user's option may be 
plotted (HPLOTL) and/or output on punched cards (WCRNCH). 
The program also has the option of reading spectral data from 
punched cards (RCRNCH), however in this mode there will be no 
punched card output. This program is designed so that with 
minor modifications it can be interfaced with the peak finding 
and integrating routines currently in use (72Go, 73Vi). 

The input specifications are as follows: 

a.) Computer time estimate 2 minutes, plus 25 sec. 
per plot, 20 sec. per punched spectrum, 
and 20 sec. per input spectrum from cards. 

b.) Page estimate 50 pages, plus 100 pages per plot. 

c.) Output card estimate 250 cards per spectrum. 

d.) Input tape file control cards 
Same as output tape for gates. 

e.) Data cards 
CARD 1 312 

SOURCE - Blank if reading tape. 
• 1 , if reading cards. 

PLTFLG = Blank if no plots desired. 
- 1 , if plots are desired, 

PNCHFL » Blank for no punched output. 
« 1 , if punched output is desired. 

CARD 2 and Following as Needed 
Tape Data cards from run of GATES. 
Cards -— Up to 20 spectrum decks as 

produced by this program. 
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C. Miscellaneous Main Programs. 

1. BCDRD 

This program uses TAPRD to read spectrum tapes produced 
by the Packard Analyzer system. It translates the Packard 
BCD type format to UNIVAC 1108 binary format and then prints 
the sDectra. The user may specify a number of spectra to 
skip and then a number to read. 

The input specifications are as follows: 

a.) Computer time estimate about 4 sec. per spectrum. 

b.) Page estimate 12 pages per spectrum. 

c.) Input tape file control cards 
SA3G,TMO SPECT,8C,NC N 
9USE 12.SPECT 

d.) Data cards - — 
CATJD 1 14,14 

SKIF » Number of EOF marks to skip. 
READ =* Number of spectra to read. 

(Note — More than one data card may be used 
so that one proceeds down a tape alternately 
skipping and reading spectra.) 

2. NQRRP. 
This program UBes TAPRD to read spectrum tapes produced 

by the Northern Scientific Analyzer system. It translates 
the Northern Scientific 24-bit binary word format to UNIVAC 
1108 36-bit binary format. The spectra along with any timing 
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data are printed. The user has the options of skipping 
spectra, printing a specified number of spectra, and searching 
the tape for a spectrum of a given tagword. 

The input specifications are as follows: 

a.) Computer time estimate about 4 sec. per spectrum 
read, plus 6-8 seconds oer tagword search. 

b.) Page estimate - — 12 pages per soectrum. 

c.) Input tape file control cards 
@ASG,TM0 SPECT,8C,NC N 
euSE INSPECT 

d.) Data cards 
CARD 1 14,14,08,14,14 

SKIP = Number of EOF mar 3 Lo skip. 
READ « Number of spectra to read. 
ITAG - Blank, if there is no tagword 

search. 
- 8 digit octal tagword to be 

searched for through the number 
of spectra specified by READ. 

MODE « Blank, then print only the 
spectrum with the given ITAG. 

> 0, then print this many spectra 
starting with the tagged spectrum. 

IPASS » Blank, then each spectrum of 
given ITAG will be printed 
(but only if M0DE=«0). 

> 0, then search will continue 
until this jnany spectra of a 
given tagword are found. 

More than one data card may be used. The tape will be rewound 
each tine if ITAG + blank and IPASS > 0 and IMODE = blank. 
Otherwise, the program will continue down the tape, applying 
each data card in turn. 
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3. CAUB4 
This program uses several UNIVAC Math-Pack Library 

subroutines (70UM) to fit a set of orthogonal polynomials to 

channel-energy data in order to obtain a spectrum energy 
calibration. The method of orthogonal polynomials has been 
fom:d to be faster and more accurate than the standard matrix 
inversion (using Gauss-Jordan reduction) technique for 
performing least-squares polynomial fits (69Wa). 

The input channel-energy data is fit by polynomials of 
first through twelfth order when possible. If the number of 
input data points, Nl, is less than 16 then the maximum order 
fit is Nl-3. The best fit is found subject to the conditions 
chat it be monotonically increasing over the total spectrum 
and that it be a significantly better fit than the first-
order (linear) fit. The formula for this best fit polynomial 
as a power series is output along with the formula for the 
linear fit. 

The rest of the output consists of the calculated 
energies for the input centroids, the mean standard deviation 
of these values, the calculated energies for centroids from 
unknown peaks, and a table of energies corresponding to each 
channel number in the spectrum. All of this is output for the 
best fit as well as for the linear fit (provided that the 
linear fit is not the best fit). The linear fit is of 
interest when extrapolating far away from the portion of the 
spectrum covered by the input centroid-energy pairs. The range 
over which the best fit is interpolated is also output. 
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The input specifications are as follows: 

a.) Computer time estimate 30-40 seconds. 

b.) Page estimate 50 pages. 

c.) Control cards needed before the data deck 
@MAP,I 
LIB UOM*MSLIB. 
@XQT,FS 

d.) Data cards 

CARD 1 15,15,15 

Nl » Number of input centroid-energy 
pairs. 

NCH « Number of channels in spectrum 
(fit must be monotonically 
increasing over this range). 

N2 » (optional) Number of centroids of 
unknown peaks input. 

CARD 2 to X (as needed) 8P10.3 

These cards contain input data pairs as 
centroid, energy, centroid, energy, etc 

CARD X+l to Y (as needed) 8F10." (optior.al) 

These c*rds contain the centroid values 
for the unknown peaks. 

(Note More than one complete data deck (as above) 
may be processed per run. In this case, time and page 
estimates must be increased.) 



APPENDIX II 
CALCULATION OP THE I.T. BRANCH AND THE GROUND 

STATE 6-BRANCH IN 1 3 1 T e m DECAY 

The determination of the 182.2-keV H4 I.T. branch for 
1 3 1 T e m is complicated by the fact that the 182.25-keV tran­
sition was discovered to be an unresolved doublet with one 
component being the I.T. and the other being a transition in 
1 3 1 I (2114 to 1931 keV). Thus the total decay intensities 

131 m 131 er 

for both i J"Te and " Te 9 in transient equilibrium must be 
determined. To arrive at a value for the first of these, it 
is necessary to know the intensity of the 1 3 1 T e m B-decay 
branch directly to the ground state of I. As this ground 
state B-branch is determined by observing the growth and decay 
of 1 3 1 I activity in a 1 3 1

T e
m + g sample initially chemically 

purified to remove iodine, a value for the 1 3 1 T e r a I.T. branch 
is needed to calculate the ground state B-branch. Thus these 
two calculations are linked, and an iterative technique must 
be used to arrive at the two branching values. 

A. The I.T. Branch. 

The total B-decay activity of a transient 
equilibrium 1 3 1 T e m + 9 source is determined from: 1.) che 
intensity of a pure 1 3 1 T e 9 Y-ray in the equilibrium source, 
I (Table I ) , 2.) the intensity of this same Y-ray in a 
pure 1 T e J source, I (Table II ), and 3.) the total B-decay 
intensity of the purr 

l31 T eg 
source, T , in relative y-ray 

273 
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units. This last quantity is obtained by summing the inten-
131 

sities of all Y transitions to the ground state of I 
observed in the decay of the pure Te g source (Table n ) . 
These intensities must be corrected for internal conversion, 
and the total sum must be corrected for direct g-decay to the 131 ground state of I (which in this case is zero (63De)). 

then given as 
The total " Te 9 activity, T e, in equilibrium with Te is 

Te " V g ' =« • ( I I - A 1 ) 

The most intense pure 
13lTeg 

Y-ray with the least uncertainty 
in intensity is the 997.16-keV transition. For this transition 
the right-hand quantities in eq. II-A1 are (in relative units): 

I e « 19.5 ± 0.9 
I = 48.5 i 0.2 (II-A2) 
T - 1467.8 ± 1.6 

resulting in a value for T_ of 

T e » 590. ±27 . (II-A3) 

To determine the total 1 3 1 T e m S-decay activity, it is 
first assumed that there is no direct $-decay to the three 
low spin levels at 149.71, 492.65, and 602.05 keV. Then the 
intensities of all transitions from the levels above 602.05 keV 
to thess tJsren levels and ground are summed (Table I )to get 
a total Y intensity, S , The total S-decay intensity of Tem, 
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T / is related to S and to the fraction of Te m 8-d«»cay 
directly to the ground state of I, X, as 

T m - S m / (1-X) . (II-A4) 

The value of S_ is 
m 

1893 ± 45 . (II-A5) 

Assuming that 
131Teg 

is in transient equilibrium with 
1 3 1 T e m results in an expression for tho total 1 3 1 T e m activity 
(B-decay plus I.T.) of T - T m + Te(l- t 1 / 2 f g / t 1 / 2 ( m ) , (II-A6) 

where the half-lives (tw,) are 

t-i /-> _ • 25 minutes V*fg 
ti ti - • 30 hours . 1/2, m 

(1I-A7) 

The I.T. activity is then given by the expression 

TIT * T BIT <II-A8) 

in wW.uh B_ T is the I.T. branch value (ie. the fraction of 
total 1 3 1 T V decay resulting in Te 9). The assumption of 
transient equilibrium results in the expression 

TIT / Tft - 1 - H/Z,q / t 1 / 2 ( M • (II-A9) 

Using eq«. II-A3 through II-A8 to substitute into eq. II-A9 
and solving for B I T results in the expression: 
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B ^ - 582 / 11893/(1-X) + 582] , (II-A10) 

in which "A" is as in eq. II-A4. 

B. The Ground State S-Branch. 
The growth and decay of 1 3 1 i activity was observed in 

a transient equilibrium T e ' source Initially chemically 
purified to remove iodine. The decay chain which was 
observed is: 

xa 

X y
 1 3 1 I ------ 1 3 1xe 

X„ (II-A11) 
i3i T eg * 

in which the following variables are defined: 

M - the amount of 1 3 1 T e m 

G • the amount of Te g 

I - the amount of 1 3 1 I 
X. • the decay consiant for Te m 8-decay 
X » the decay constant for Te m I.T. decay 
X » the decay constant for Te 9 

131 X- " the decay constant for 1. (II-A12) 

The change in I with respect to time is given as 

-g|- » A 6 M + X G - Xj I . (II-A13) 
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The amount of "-le"1 present at any time, t, is 

-v .-v 
- M Q e A (II-A14> 

where X T is the total decay constant for Te m and the 
subscript, "o", indicates the amount present at some initial 
zero time. 

The change in G with respect to time is given by the 
expression 

-af- " \ M " *g G • <T3>A15) 

Solution of this differential equation for G as a function of 
time yields the familiar equation for the growth and decay of 
a daughter activity, 

*g \ ° 
-x_t 

+ G Q e fa . (II-A16) 

Using eqs. II-A14 and II-A16 to substitute into eq, II-A13 
results in the differential equation: 

dl "M "V 

+ T 9 ° (e Y - e g ) <II-A17> 

This is solved by assuming a solution of the form 

I - u • * , (II-A18) 
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where "u" is to be determined. Differentiating eq. II-AIB 
gives 

-22- - -uXT e " X l t + (4"-) e"*1* . (II-A19) dt I a t 

Substituting for I and (dl/dt) in eq. II-A17 results in the 
following differential equation for u : 

d t So go 

, V * M o e " V X I > , : 

U A -(X -X,)t + 1_2_2_ e
 s I , (II-A20) 

which upon integration yields 
X„ "(Writ 

u > S M e T I 

, V A o-(xY-xz)t 
txg-xY)(Xj-xY) 

(II-A21) 
M „ M „ -(X -X-)t 

(xg-xY) (x rx g) 

+ _ A _ co e-(V^" 



279 

where "C" is a constant of integration to be determined at 
zero time. Substitution for u in eq. II-A18 gives 

A6Mo "V "V I(t) = 2_° e T + C e x 

A„A~ M~ -A„,t + Z_2_2 e V 

A.,A„M„ -A_t 
Y q o y g ° e 3 

A„G„ -It 
+ 3-2 e g (II-A22) 

Setting t«0, solving for C, and substituting for C in this 
equation yields a total expression for I as a function of time: 

\ B -A-t -At 
I<t) . S M f e

 T - e
 x ] 

(Aj-AT) ° 

A„A M -A„t -ATt * X-2-H , e Y . e I j 
(Ag-AY) (Aj-AY) 

J J A -At -ATt I-3L2 [ e 9 - e * ] 

X -A„t -ATt + 2 — G Q t e g - e x ] 
(Aj-Ag) ° 

-Ajt 
+ I 0 e . (II-A23) 
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The activity of an unstable nuclide is given by 

A 1 - X i [i] (II-A24) 

where fi] is the amount of the nuclide present. Assuming that 
the Te^ activity is in transient equilibrium with the 

Te m I.T. activity at time zero results in the relationship, 

Ao / Ao " ( W / X g • (H-A25) 

Writing eq. II-A23 in terms of activities and substituting 
for A^ using eg. II-A25 results in the following expression 

131 for I activity as a function of time: 

AX(t) - Xj Kt) 

h A| [ ."V . /*!*, 

+ i- 3 AX [e y - e X ] 

U g-x y)(x I-x Y) 

+ A* e , (II-A26) 

The 6 and Y (I.T.) activities of 1 3 1 T e m are related as 
A Y - A B B J T / (1-B I T) (II-A27) 

in which B I T is the I.T. branch value as determined in eq. 
II-AJO, Upon substituting eq. II-A27 into eq. II-A26, there 
are only four variables to be determined; A I(t), A*, A£, and t. 
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The three activity values are determined in terms of 
spectrum peak areas and detector efficiencies. The following 
measured variables are defined: 

P 7 7 3 = Peak area at 773+774-keV, at time t. 
P^g. = Peak area at 364+365-keV, at time t. 
E--- = Detector efficiency at 773-keV. 
E 3 g 4 = Detector efficiency at 364-keV. 

(II-A28) 

From the decay schemes of Te1" (this work, Table I > and 
1 3 1 I (74Mel), the activities of 1 3 1 T e m and 1 3 1 I are 

Ag(t) = 1.893 p£ 7 3 /[E773(l-X)3 CII-A29) 
and 

AX(t) - nP3 6 4/E 3 6 4) - 0.031(P^73/E773)1/0.806 . 

(II-A30) 

In eq. II-A29, "X" is the fraction of the 1 3 1 T e m S-decay 
which proceeds directly to the ground state of X. Equation 
II-A30 contains a term dependent on £773 due to the unresolved 
364.4fl-364.98-keV doublet observed in sources containing both 
1 3 1 T e m and 1 3 1 l . 

Using eqs. II-A27, II-A29, and II-A30 to substitute 
into eq. II-A26 and solving for X results in the equation 

X - 1 - { (1.893) 0.806 P ° 7 3 ( E 7 7 3 ) _ 1 {F} X 

1 < P W E 3 6 4 " °-031P773/E773» " 

(p364/E364 " 0-"3«773/E773' ^ J " l } 

(II-A31) 
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In which {F} is a function of B I T and is given as 
X T -X„t -XTt {F} . 1 ( e T - e * ) 

BIT A I Xg , "M ~Xl\ 
tl-BIT) (Xg-X.r) (Xj.-AY) 

(II-A32) 

To calculate {F} the decay constants (X) are as followsr 

Xj. = 3.610 x 10 - 3 hr - 1 

X - 1.664 hr" 1 

X T - 2.310 x 10" 2 hr - 1 

XY " BIT XT • (II-A33) 

C. Iteration. 
To accomplish the calculation of E I T and X, I first 

assumed an initial value for X of 

X - 0.06 t 0.02 (1st iteration). (II-A34) 

This is the previously measured value (65De) with an assumed 
uncertainty. Using eq. II-A10 results in a value for B I T of 

B I T » 0.224 ± 0.014 (1st iteration). (II-A35) 

In order to determine X using eq. II-A31, two 4000 second 
live-time counts were made on a i J iTe plus I sample; the 
first just after chemical purification to remove iodine and 
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the second approximately two days later. The measured 
parameters in the notation of eqs. II-A31 and II-A32 were 

py 7 3 - 640,128 ± 1075 counts 
p364 " 9 1 ' 2 1 4 * 8 0 0 c o u n t a 

P^_, - 233,714 ± 662 counts 
p£ 7 3 - 357,208 ± 892 counts 
£--, - 1.07 ± 0.01 relative units 
E 3 g 4 • 2.28 ± 0.02 relative units 
t - 46.90 hours. (II-A36) 

Using the values in eqs. II-A35 and II-A36 in eqs. II-A31 and 
II-A32 results in 

X - 1 - {S} {F} (II-A37) 
with 

{S} « 6.984 ± 0.295 
(1st iteration) (I1-A38) 

{F} » 0.1340 

The value of {S} does not change with each iteration as it is 
not a function of B I T. This gives a first iteration value 
for X of 

X - 0.064 ± 0.039 (1st iteration). (II-A39) 

The second iteration results in the values 

B T_ - 0.223 ± 0.016 
1 1 (2nd iteration). (II-A40) 

X - 0.068 ± 0.038 

The third iteration results in the values 
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B T m m 0.222 ± 0.016 
1 1 C3rd iteration). (XI-A41) 

X - 0.068 ± 0.038 

A3 the values are changing very alowly, the calculation is 
terminated with the third iteration. The absolute ground 
state S-branch is given by the expression 

XABS " X < 1' BIT > ' (II-A42) 

Thus the final values for the percentage branches of Te m 

131 decay by I.T. and by B-decay to the I ground state are: 

I.T. branch - (22.2 + 1.6) % 

Ground state B-branch = (5.2 i 3.0) % . 
(II-A43) 



APPENDIX III 
CALCULATION OF THE g-FACTOR OP A ONE-PROTON-
TWO-NEOTRON THREE QUASI-PARTICLE STATE 

(This calculation is based on material in 63Sh, 
pages 52-55 and 519-522.> 

The magnetic moment, )ij, of a state, JM, is given as 

Uj « <JM|jJ|JM> (III-A1) 

where J is the total angular momentum of the state, H is the 
component of J along the direction of an external magnetic 
field, and y is the magnetic dipole moment operator given as 

,(i) (i) ) . (III-A2) V " I <9jl*i,« + 3s si.z 
In the above equation the summation is over all nucleons, 
with g, and g being the individual nucleon orbital and spin 
g-factors, respectively, and with l* z and s. being the 
single nucleon orbital and spin angular momentum components 
along the direction of the magnetic field, respectively. In 
the limit of strong pairing within the single-particle model, 
the above summation may be carried out over only the unpaired 
nucleons. 

The nuclear g-factors are measured in units of nuclear 
magnetons which are given by 

One nuclear magneton » eh/4iraLc (III-A3) 
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where e is the positive unit of charge, h is Planck's constant, 
m is the pioton mass, and c is the speed of light. In this 
unit the orbital g-facton of the proton and neutron are 

,<p> . i 

g<«> - 0 
(III-A4) 

•nd the spin g-factors are 

g™ - 5.5855 
" (III-A5) 
g^ n ) » -3.8256 . 

The Measured magnetic moment is defined to be the maximum 
component of y along the direction of the magnetic field, 
ie. applying eq. III-A1 with J - H. The measured magnetic 
moment it related to the g-factor, g, of the state under 
consideration by 

Uj - g J . (HI-A5) 

Thus by calculating the magnetic moment, Uj, and knowing the 
total angular momentum, J, one can calculate the g-factor of 
the state under consideration. 

The thre«-quaii-p»rticle states under consideration 
consist of one unpaired proton, ir, and two unpaired neutrons, 
v, and v,. Each of these nuclaons has an individual magnetic 
moment operator (ŷ , M V 1 , or (1^) and magnetic moment (û , 
u ,, or iiyj). The total magnetic moment of the state, as 
given in eq. III-A1, is the result of a vector coupling of the 
three individual magnetic momenta. To accomplish this, one 
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must work in terms of . "reduced magnetic R.<ment." 
The Wigner-Eckart theorem relates the magnetic moment 

to the reduced magnetic moment as 

Uj - <JM|ii|JH> 

- (-1) J - M {CG> WUCIlJ) (III-A6) 

where tCG) is a Clebsch-Gordon coefficient given as 

(' ' ') {CG) 
% —u n *ik J 

(III-A7) 

- ( - i j J ~ M M / { J C 2 J + I ) < J + U I 1 / ' 2 . 

Since J » M, equation II1-A6 becomes 

Uj - {WE} (j||u||j) (III-A8) 

in which the "Wigner-Eckart term," {WE}, is 

{WE} - J / [J(2J+1)(J+1)]1/2 . (III-A9) 
This relationship holds for the total state, JM, as well as 
for the individual nucleons; J^M^, JyjM^, and J v 2M u 2 > 

In the single nucleon cases, J.j, and H^. are the single 
nucleon total angular momentum and its component along the 
magnetic field for the nucleon in its shell-model state. 

When two nucleons, having total angular momentum values 
of J. and J2, couple to give a total angular momentum, J, the 
reduced Magnetic Moment of the final state is given in terms 
cf the single particle reduced magnetic Moments as 
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(JjJ2J| ||I | |JjJ2J) - (J XJ 2J| | u ^ ^ | |J xJ 2J) 

' ' Ml'l2 + I"2ll5 (III-A10) 
where 

Iylll2 " W i J 2 j | ^ l " J l J 2 J > (III-Alla) 
| w 2 l 1 2 - (JiJjJll^llJ^J) . (III-Allb) 

As the two nucleona in their shell-model states are non-
identical systems, l^i! 12 a n d 11*2' 12 a r e 9 * v e n bV t n e 

following equations: 

"1'12 

J2'12 

J,+J,+J+l 
(-1) L * (2J+1) 

(-1) ± * (2J+1) 

X {R 2} (J 2||v 2||J 2) 

(Iil-A12a) 

(III-A12b) 

The reduced magnetic Moment terms on the right sides of 
eqs. III-A12a and lll-A12b are related to the single particle 
magnetic moments as shown in eqs. III-A6 and III-A8. The 
terms, (R.) and (R 2), are Racah coefficients and are given 
by the following two equations: 

fR x) fJl J J
2\ 

\ j J, i j (III-A13a) 
J,+J-+J+l 

<-l) i * JjtJj+lJ+JCJ+lJ-JjCTj+l) 

2 IJ x (J j+1) (2 J j + 1 ) J ( J + l ) ( 2 J + l ) J 1 / 2 

and 
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-" • t*; i\ 
(III-Al3b) 

J.+J.+J+l 
(-1) A * JjtJ-j+D+JW+D-Jj^Jj+l) 

2 [ J 2 ( J 2 + D (2J 2+1) J(J+1) (2J+1) ] 1 / 2 

Thus for each coupling of a pair of non- ident ica l systems 

to a t o t a l angular momentum. J , one can define coupling 

c o e f f i c i e n t s , {C^}, such that the reduced magnetic moment of 

the resu l tant s t a t e i s given as 

W 1 J 2 J | | i ; i | J 1 J 2 J ) » (CjXJjHiJjI lJj ) 

+ { C 2 } ( J 2 | | 5 2 | | J 2 ) 

(III-A14) 
in which, for example, {C,}, is given as 

{Cx} - |(SJ+1) fRa>| . (1II-A15) 

In the cases «• rtr consideration, the final state is 
presumed to result from the coupling of an odd parity two-
neutron state in the Te core and an even parity single-
proton state. Thus, in tlria calculation of the total magnetic 
moment, the two neutrons are coupled and then treated as » 
separate total system. This two-neutron system is then 
coupled to the single proton. 

The calculation begins by assuming a measurable single-
particle magnetic moment for each of the unpaired nucleons 
(uv, u v l, and vvi) • Equation III-A8 is used to calculate 
reducgd magnetic momenta for each particle. Then the two 
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neutrons are coupled to a total angular momentum, N, resulting 
in a reduced magnetic moment for the two neutron system of 
(Eqs. IIX-A10 to III-A14) 

c .J v aH||u|!J t f lJ u 2ii) - t{cvl}/(cffiul}] p v l 

+ f{C v 2}/{WE v 2}) »vg 

(III-A16) 

In like manner, the two neutron system is then coupled to the 
single proton resulting in a reduced magnetic moment for the 
total system of 

{ J
1rtJ vl Jv2 I M Jl l»l I V J v l J v 2 l N J ) ' 

{C N} [{C v l}/{WE v l}] p v l + 

{C„} t{C v 2}/{WE v 2}] u v 2 . 

(III-A17) 

In this notation, {CN> is given by 

{ C H } ' l<?J+1) t » l) ' 
- |(2J+1) {^,}| . (III-A18J 

The reduced magnetic Moment in eq. III-A17 is then transformed 
into a measurable magnetic moment by the use of eq. III-A8 
resulting in the following formula for Wjt 
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{WEjJ {C„} fC v l} w v i / {HEvlJ + 
{WEj} {CNJ (C v 2) U v a / {WE v 2} . (III-A19) 

Equation III-A5 ia then uaed to calculate the g-factor of 
the total atate. 

In calculating Vj uiing eq. III-A19, two different 
lets of valuea for tha •ingle-particle magnetic momenta may 
be employed. The firat of these conaiata of the Schmidt 
values (37Sh). These valuea are given by one of the two 
following equations: 

Wleon " *«* + V 2 f o r J " t + V a 
(III-A20) 

- — Hi+Dg. - g./2] 
J+l * " 

for J • *- 1/2 . 

The firat ia applicable for stataa in which the orbital and 
spin angular momentum of the nuclaon are parallel (J«l+ 1/2), 
and tha second when they are antiparallel (J»t- 1/2). The 
variablea, t Aid a, are as in eq. III-A2, and the valuea of 
g t and g ( are yiven by aqs. III-A4 and III-A5. 

Tha second sat of valuea conaiata of the "empirical" 
single-particle magnetic moments. The empirical magnetic 
moment may be viewed as tha average of the measured magnetic 
momenta of the single-particle states of interest in the 
nearby nuclides, in Table AIIl-1 are listed 1.) the proton 
and neutron single-particle states of intereat in I, 
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Table AIII-1 
Experimental, empirical, and theoretical (Schmidt limit) single 
nucleon magnetic moments for the shell model states of interest 
m 1 3 1 i . 

She l l Model 
Orb i ta l 

"Exp. 
(n.m) 

Nucleus Ref. ' 'Schmidt/ 
*£mp. 

* i s 7 / 2 2.836 133, (60A1) ^W/a.cs 
2.738 131 x (60Ll) 

2.617 129 x (5lWa) 

2.51*7 U 3 B b (69Pu) 

2 .51 «W (69Fu) 

2.578 1 3 3 C s (69Fu) 

2.729 1 3 5 C S (57St) 

2.838 1 3 7 C S (57bt) 

* 2 d 5 / 2 2.77 

2.808 

131jm 

127, 

(67Ta) 

(69Fu) (2.75) 

3.46 1 1 5 S b (68Ja) 

2.67 1 1 7 S b (680a) 

3.1*5 
u 9 S b (68Ja) 

3.359 W , 8 b (69Fu) 

3.537 l 3 l C s (65W0) 

3,kk 1 3 3 C s m (68Ca) 
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Table AIII-1 (cont'd) 
Oho11 Modal 

Orbi ta l (n.m) 
Hueleas Ref. 

* , o t o w V W . 

* ~H/2 0.66 

0.67 

1 2 7 T e 

1 2 ? T e 

(72Si) 

(72S1) 

l-M/o.et 

0.60 125 T f t » (6UHu) 

O.6908 *ht (69Fu) 

0.6B 
l l W (69Fu) 

0.70 "h* (67Er) 

" l h l l / 2 -1.00 

-0 .93 

1 2 3 T e » 
125 I e m 

(72Va) 

(72Va) 
- ^ / - i . o s 

-0 .91 127 T e n (72Va) 

-1.15 129 T em (721ia) 

-1 .11 l l l C d m (68L-0 

-1.09 
ll%<? (oltBy) 

-1.04 " 5 C d m (67Ch) 

» 3 S l / 2 -0.7359 

-0.8872 

1 2 3 T e (53»e) 

(53We) 
-l'*lk/.0.69 

-0.879 U 3 S n (67iV) 
t * .0 .918 1 1 5 S n (?0Pr) 

-1 .000 U 7 S „ (50Pr) 

-1.0U6 "%» (50Pr) 

-0.7768 1 2 9 x e (68Br) 
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2.) the measured magnetic moment values of these states in 
neighboring nuclides, 3.) the empirical magnetic moment value 
obtained for each state, and 4.) the Schmidt value for each 
state. The empirical magnetic moments deviate appreciably 
from the Schmidt values. This difference is primarily the 
result of polarization effects of closed shells (69Bo, pages 
336-340), differences in the nuclear potential, and config­
uration mixing which results in the states in question not 
being purely single-particle in character. This latter 
configuration mixing effect may be observed in the measured 
magnetic moments of the 2d„ ., proton state. In the two 
iodine nuclei the magnetic moment was measured to be *2.8. 

This results in u g-factor of =1.1 (eq. III-A5). The empirical 
magnetic moment of 3.45 results in a g-factor of si.4. 
Almar et al. (73A1) have proposed that the configuration of 

131 
the ISO keV state in I has an appreciable contribution 
(30-35 %) from the configuration (197/3) 5 / / 2" X t n a s b e e n 

noted by Stone et al. (6BStl) that the g-factor of a three-
qiiasi-particle state of the type (J >j_i is exactly that of 
a single nuoleon in the J-ntate. The empirical magnetic 
Moment of the lg 7/ 2 P*-'tun. state is =2.65, resulting in a 
g-factor of a0.76. Thus the mixing of the (?g 7, 2) 3 5/2 
configuration with the 2d g ,2 single-proton configuration is 
expected to reduce the empirical g-fa^cor from =1.4, and the 
magnitude of the effect ia nearly exactly accounted for by 
the postulated 30-35 t contribution of th* three-proton 
clutter configuration to the state. 
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In the present three guasi-particle state g-factor 
calculation/ the vector algebra has assumed that pure single-
particle character shell-model states couple to form a pure 
three quasi-particle state. Thus, in the interest of 
consistency, it is deemed more appropriate to employ the 
Schmidt values in the calculation of the g-factor. This is 
also done because of the high energy of the state in question 
which makes it unlikely that the polarization and mixing are 
the same as included by employing empirical magnetic moments. 
The calculated magnetic moment can be quite sensitive to 
small changes in mixing and core excitation (74Ma2). The 
results obtained by employing Schmidt values for the single-
particle magnetic moments are shown in the main text in 
Table IX . For the purpose of comparison, the calculated 
g-factors using empirical single-particle magnetic moments 
are shown in Table AIII-2. 
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Table AIII-2 

Calculated g-factors for the poss ib le one-proton-two-neutron 
131 

configurations in I which result in a spin and parity value 
of 15/2". Empirical single particle magnetic moments were 
used in the calculation. 

Configuration 
Calculated g-factor 

Proton Neutrons 

Clg7/3» ( t t 1 1 / 2 , 3 s 1 / 2 ) 5-] 15/2- +0.26 

[ l E 7 / a . ( L h u / 2 , 3 s 1 / 2 ) 6 - ] 15/2- -0 .01 

t l e 7/2 ' ^ 1 1 / 2 ' 2 d 3 / 2 ) k-] 15/2- +0.13 

[ lgy/ 2 > ( l h u / 2 , 2 d 3 / 2 ) 5 - ] 15/2- •to. 16 

[ l S 7 / 2 > ( l h l l / 2 ' 2 d 3 / 2 ) 6 - ] i 5 / a - +0. 14 

[ l S 7 / 2 » ( l h u / 2 , 2 d 3 / 2 ) 7 - ] 15/2- +0.10 

t2d5/2> ( i h n / 2 , 3 s x / 2 ) 5 - ] 15/2- +0.1(2 

[ ^ 5 / a . ( l h n / 2 ' 3 s ] / 2 ) 6- ] 15/2- +0.08 

[2<V2, ( l h l l / 2 ' 2*3/2 ' 5 - ] 15/2- +0.33 

C2d5/2- ( i h n / a , 2 d 3 /2 ) 6 - J 1 5 / 2 " +0.2^ 

PV» ( i h u / 2 , 2 d 3 / 2 ) 7 - ] 15/2- +0.13 



APPENDIX IV 

CALCULATION OP THE DIRECT fl+/EC BRANCH TO THE 
7/2 + 25.5 keV STATE IN 1 0 5 A g 

The direct B +/EC branch from 5/2 + 1 0 5 C d to the 7/2 + 

25.5 keV state in Ag was determined by three different 
105 methods. In the first, a Cd sample was produced in a 

short 14-MeV neutron irradiation and the Cd y ~ r a y 

activity (representing decay to all levels in Ag above 
the 25.5 keV state) was determined at the end of irradia-

105 tion. The Ag activity in the sample was determined ~31 
days after irradiation by counting the sample in a known 
geometry. The direct P +/EC branch to the 25.5 keV state was 
then determined from the equations of radioactive growth 
and decay. In the second method, the B +/EC branch to the 

25.5 keV state was determined from the positron annihilation 
(511.004-keV) peak relative intensity, correcting for other 
source* of 511-keV y-rays in the spectrum (e.g. 1 0 6 A g 9 , 
l 0 6Ag r a, and B+-feeding to other 1 0 5 A g levels). In the 
third method, the Ay m activity in transient equilibrium 
with 1 0 5 C d was observed to determine the total 1 0 5 c d P +/EC 
decay intensity. In all three methods, it was assumed that 
there is negligible direct B V E C decay from 5/2 + 1 0 5 C d to th 
l/2~ ground state or the 9/2* 53.2 keV excited state in 

Ag. The first method was expected to be the most precise 
as the second depends strongly on some poorly determined 

297 
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branches in Ag 9 decay and the third depends strongly on 
the value for the Ag111 EC-branch which has been determined 
to be (0.34 t 0.07)% (72Kr). 
A. 1 0 5 A g Growth in a 1 0 5 C d Sample. 

A Cd sample was produced in a ten minute 14-MeV 
neutron irradiation, and the decay of the 961.84-keV y-ray 
was followed for a series of eight 13 minute counts in order 
to determine an activity at end of irradiation by extrapola­
tion of the decay curve. The sample was then counted 45,019 

105 minutes later to determine the 41-day Ag activity present, 
arising principally from the decay of Cd. If the follow­
ing parameters are defined: 

A x - 1 0 5 C d activity, 
A 2 » Ag activity, 
Aj » 1 0 5 C d decay const. • 1.249 x 10 min , 
\ 2 » 1 0 5 A g 9 decay con&t. - 1.174 x 10" 5 min" 1, } (IV-A1) 
t. • end of irradiation « 0 minutes, 
t, - time of late count » 45,019 min, 
*b " ' 

then the activity of Ag 9 at the time of the late count, 

A, (t), is given by the following equation: 

X, -A,t -.\,t 
V « *" x " ^ W {• - . } 

-*,t 
+ A 2(t 0) • * . (IV-A2) 

-A,t 
noting that • * * 0 simplifies eq. IV-A2 to 
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X 2 . ,. . . - X 2 f c *a<*> " T J - ^ W • 
-x,t 

+ A 2(t 0) e " . (IV-A3) 

The activity, Aj(t0>, is given by 

W * W ' + W " ' (IV-A4) 

where Aj{t0)' is the Ag 9 activity at t 0 arising from the 
decay of 1 0 5Cd during irradiation and A 2(t Q)" is the 1 0 5 A g 9 

activity arising from direct production via the 106Cd(n,np) 
nuclear reaction. Defining R, and R, to be the rates of 
direct production 
in the equations 
direct production of Cd and Ag, respectively, results 

V V - Rx [1 - e z^] 
*2»1 {/*l*b . . - V b }

 ( I V" A 5> 
*2 " *1 

and (since t^tjyjt 1 0 5^!) 

A2(t0)» i R 2 X2 t b . (IV-A6) 

The cross section fox the (n,np) reaction has been observed 
to be "10"3 ti»»« the cross section for the (n,2n) reaction 
near A-100 (66G0). Thus it can be estimated that R2=10~3R1. 
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Noting that 

Rl " W [ 1 - • l b I" 1 (IV-A7) 

and that 

e 2 n > ^ 1 (IV-A8) 

and substituting into eq. IV-A4 results in the following 
equation: 

"•1 ~ *2 
(IV-A9) 

+ 10~ 3 A 2 tj, AjCtp) [1 - e X b ] _ 1 

The second term is negligible when compared to the first, 
hence 

*2< to ) * ~T I h^o* . (IV-A10) 
Al " *2 

Substituting into eq. IV-A3 results in the equation for A,(t)• 

2A, -X,t 
A,(t) = ' Ai(tJ e ' . (IV-A11) 

Al A 2 

The activity of Ag 9 at time » t was determined 
105 

« activity of the principal Ag dec 
(344.52-keV) by using the following formula; 

105 
from the activity of the principal " J A g decay Y-ray 
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A 2(t) - A 3 4 < ( t ) U + dj) f" 1 , (IV-A12) 

in which A.j.(t) is the measured 344-keV Y-ray activity, 
a T is the total conversion coefficient for the 344-keV E2 
transition (68Ha), and F is the fraction of Ag 9 decays 
leading to a 344-kaV transition (74Bel). These values are 

A344 (t) 

a T 

• (5.883 

0.019 

± 0. ,060) X 10* photons/rain 

F * 0.4167 
(IV-

The 1 0 S C d activity at time, t-0, is related to the 
activity of the principal l 0 5 C d v-ray (961.84-keV) and to 
the direct 3 +/EC branch <B) to the 7/2* 25.5 keV state by 
the equation 

A l l V * A961 (V IV'sei 1 + B ' «V-*14) 

in which I G is the total transition relative intensity of 
all ^'transitions in Kg feeding into the lower three 
states and I 9 6 1 is the 961.84-keV Y-ray relative intensity. 
These are obtained from the data in Table X as 

and 

I G - 10,330 * 60 (IV-A15) 

I 9 6 1 - 1000 ± 7 . (IV-A16) 
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The value for A g f i l(t ) waa determined by extrapolating 
the decay curve of the 961.84-keV Y-ray peak to t«0. 
Table AIV-1 givea the 961.84-keV Y-ray activity in photona 
per minute for each of eight successive thirteen minute 
counta. The decay curve extrapolation resulted in 

*aei<t„) " <6-J-2 ± °-25) * 10 6 photona/min . 
9 6 1 ° (1V-A17) 

Substituting equations IV-AI and IV-A12 through 
IV-A17 into equation IV-All and solving for B raaulta in 
a value for the direct B+/EC branch from 1 0 5 C d to the 7/2 + 

25.5 keV state of 1 0 S A g of 

B - 0.514 ± 0.040 . (IV-A1S) 
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TABLE AIV 

Activity of 951.81* . key >_ray m 1 0 5 c d Sanple Produced 
via a 10 minute l o 6 C d (n,2n) 1 0 5 C d Irradiation. 

961.8U - keM 
(photons-mlr 

' Activity 
- 1 x 1 0 - 6 ) 

Time after Irradiation 
to Midpoint of Count 

t 
(days) w> 0 

Time after Irradiation 
to Midpoint of Count 

t 
(days) 

1I.9U1 0.150 0.0101*0 

U.U3 0.11*1 0.02280 

3.25U O.llo 0.03365 

2.882 0.110 0.01*1*1*5 

2.172 O.O83 0.05525 

1.893 0.061* 0.06610 

1.1*20 0.051* 0.07700 

1.173 0.036 0.08795 
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B. positron intimity. 
In the Y-ray singles spectra taken with the 50 cm 

Ge(Li) detector, t;>* Sll-keV peak had a relative intensity 
value of 24,300 ± 900 (using the same relative base as in 
Table X). This intensity, however, included significant 
contributions from sources other than 6 + decay from Cd 
to the 7/2 + 25.5 keV 1 0 5 A g excited state. 

The first such source considered was 6 + branches to 
other Ag excited states from Cd. An intensity balance 
was performed on all levels which could be fed in S + decay 
(i.e. levels with E < 1800 keV) to determine their direct 
6 /EC feeding, and the B + contribution was calculated using 
the log(f£ / f*) tables of Gove and Martin (71Go). The total 
contribution to the 511-keV peak from this source was deter­
mined to be 114 ± 20. 

The second source of Sll-keV y-rays considered was 
l 0 6 A g m decay. Using the relative intensity value for the 
1 0 6 A g m 451-keV y-ray from my spectra (29.3 ± 1.5) and the 
most recent Ag m decay study (73In), the contribution to 
the Sll-keV peak intensity from the 1 0 6 A g m 511.85-keV Y-ray 
was calculated to be 91 t 6. 

In a similar manner, the 511.85-kev Y-ray intensity 
from Ag' decay was determined from my value for the re­
lative intensity of the «22-keV 1 0*Ag 9 Y-ray (13.8 ± 1.0) 
and the l 0*Ag* decay study of Xao and Fink (67R»). This 
value was 110 * 10. 

The fourth source of Sll-keV y-rays was the positrons 
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arising from the g + decay of Ag g. This was determined 
to be 6200 a 1200 based on the 622-keV y-ray intensity and 
the decay study of Rao and Fink (67Ra). The large uncertainty 
is due to the uncertainty in the absolute intensity (in y-rays 
per 1 0 6 A g 9 decay) of the 622-keV transition (74Be2). 

The total 511-keV intensity remaining after subtracting 
these four contributions is 17,000 ± 1500. Noting that each 
positron results in two 511-keV y-raye and using the log(f^/f*> 
tables of Gove and Martin (71Go) results in a total 8+/EC 
decay to the 7/2 + state of 3 5,900 ± 1400 relative intensity 
units. Using the value of 10,330 ± 60 for all other 1 0 5 C d 
6+/EC decay <*q. IV-A15) results in 

B - 0.61 ± 0.06. (IV-A19) 
This is in reasonable agreement with eq. IV-A1S. It may be 
noted that this particular value (0.61) might be expected to 
be high as the net 511-keV intensity still included contribu­
tions from other extraneous aourcaa, such aa SB and DE event 
positrons, which ware not considered. 

C. l 0 5 » g » Transient Equilibrium. 
Aa indicated in Table X, several y-rays arising from the 

EC decay of AG* ware obaarved in spectra of the * 5Cd source. 
As these y-raya ware observed in apectra taken one to two hours 
after irradiation, it may be assumed that the 7.23-min Ag w 

activity was in transient equilibrium with the 55.5 min cd 
parent. The two activities, than, are related by the equation 

*Cd * AAq t l " tl/2 ( A , , /' H/2lMi} • (IV-A20) 
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Tha Ag m activity, A . , may be determined from the relative 
intensity of the 1 0 5 A g m 319.23-keV y-ray (189 ? 4) and the 
•biolute intensity, in y-rays per decay, of the 319.23-keV 
transition (0.0017 t 0.0004) (72Kr, 74Bel). The resulting 
value is 

A A - 111,200 i 27,500 rel.intens. units. (IV-A21) 

substituting into IV-A20 gives 

ACd ' 9 6 7 0 0 * 24,000 rel.intena. units. (IV-A22) 

Tha total y-ray intensity feeding into the 7.23-min 7/2 + 

l 0 5 A g m from 1 0 5 C d decay ia 7070 t 40 (from Table X). The 
remaining intensity repraaants direct 8+/EC decay to the 
isomer. This results in a value for B (aa in egs. IV-A18 and 
IV-A19) Of 

B • 0.90 * 0.33. (IV-A23) 

The large uncertainty ia tha reault of the large uncertainty 
in tha EC branch value for l Ag m dacay. it may be noted 
that a higher value for the EC branch would lower B and 
bring it into closer agreement with the values determined 
in Sections A and B. 
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