s/ Xb O AT I
4\ L
,{\ by UCRL- 51846

NUCLEAR DECAY SCHEME STUDIES OF
30-h Blyem, 25.min 1317¢9,

AND

55.5-min 195¢d

] Sydney Vern Jackson
(Ph. D. Thesis)

Prepared for U.S. Energy Research & Development
Administration under contract No. W-7405-Eng-48

LAWRENCE
LIVERMORE
LABORATORY

Liwversity of Cafformia - Livortnoro

4.

HASTER

, ] ' DISTRILUTION 13 THI3 DOCUMENT LaLIM T8 /




NOTICE

“This report way prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United Sixtes Energy
R h & A for any

al ¢their emplovass, nor any of thoir eontractors,
subcontractors, . theit employees, makes any
‘watTanty, eapresa or Implied, of ssaumas any legal
lisbility or responsibifity for the accuracy,
completencss oF usefulnesa of any information,
appaates, product or process  disclosed, or
representa  thal jts we would not Incringe
privatety-owned rights.”

Printed in the United States of America
Available from
National Tecknical Information Service
U. S, Department of Commerce
5285 Port Royal Road
Springfield, Virginia 22151
Price: Printed Copy $__ *; Microfiche $2.25

" NTIS
Pages Selling Price
1-5Q $4.00
51-15 $5.45
151-3256 $7.60
326-500 $10.60

501-1000 $13.60



&

LAWRENCE LIVERMORE LABORATORY
University of Calomi Livermore, Caitor, s, 34550

UCRL-51846
NUCLEAR DECAY SCHEME STUDIES OF
30-h Blzem, 25.min 1317e9
AND
55.5-min 105¢cd

Sydney Vern Jackson
(Ph. D, Thesis)

\..mu RN

T
(ivo o B
srnires B

o
e i o ned 140



VITA

Name: Sydney Vern Jackson.

Permanent address: 2226 Sugarloaf Avenue
Kalamazoo, Michigan 49002.

Degree and date to be conferred: Ph.D., 1975.
Date of birth: August 12, 1948,
Place of -irth: Kalamazoo, Michigan.

Secondary education: Portage Central High School
Portage, Michigan
Graduated - June, 1966,

Colleges attended: Maszachusetts Institute of Technology
Cambridge, Massachusetts
Sept. 1966 tc June 1970
S.B. Chemistry, June, 1970.

University of Maryland
College Park, Maryland
Sept. 1970 to Aug. 197%
Ph.D., Aug., 1970.

Major: Nuclear Chemistry.

Publications: S.V. Jackson, W.B. Waltersi and R.A. Meyer,
"Radiocactive Decay °f1§9‘h 3ipeM and 25-min
131Te9 to Levels of I," Phys. Rev. Cll,
1323 (1975).

§.V. Jackson, E.A. Henry, and R.A. Meyer,
“pecay of 49Cr," Phys. Rev. {to be publishea
1975).

Positions held: National Sgience Foundation Fellow (2 yrs.)}
Research Assigtant (1 yr.)
Gillatte-Harris Research Fellow (i yr.)
Department of Chemistry
University of Maryland,
College Park, Maryland 20742

Aasociated Western Universities Fellow (1 yr.)
Lawrence Livermore Laboratory
Livermore, California 94550

Peogg~Doctural Research Associate
Cyclotron Institute

Texas A&M University

College Station, Texas 77843



ABSTRACT

Title of Thesis: NUCLEAR DECAY SCHEME STUDIES OF 30-h

131, m 131 105
1e

25-min ?e9, AND 55,5-min cd

Sydney Vern Jackson, Doctor of Philosophy, 1975

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

Dr. Richard A. M=zyer
Radiochemistry Division
Lawrence Livermore Laboratory

" High~resolution Ge(Li) detectors have been used to
observe y-ray singles and coincidence spectra of 30-h 11/2°
131peM 25-min 3/2% 1317e9, and 55.5-min 5/2% 199cq.

Sources of 131Tem and l31Teg were produced by neutron

d 13°Te metal, and, in the case of

131

irradiation of enriche

131

Tem, were chemically purified to remove the I daughter.

A total of 190 and 80 y-rays are attributed to the decays of

131Tem and 131Teg

, respectively; and 174 ard 77 of these

131

transitiong have been placed in a I level scheme involving

52 excited states. Absolute £ group intensities were

131

determined for the transitions to I levels. Spin and

parity assignments were made for all observed levels. The

131 + 131

g8 feeding from the 11/2" Te™ to the 1/2 I ground

gtate was determined to be (%.2 * 3.0)% (logflt = 10.5).
The isomeric transition of 112" 131ge™ to 3/2% 13lped yag
determined to be (22,2 ¥ 1,5}%. The 6-nsec isomer in 131,

at 1797 keV has been assigned as 15/2° and interpreted as a

mvv, three quasi-particle state,

Soyrces of losCd were produced via the loscd(n,Zn)



reaction on enriched 106cdo using 14 MeV neutrons. A total

of 274 y-rays are attributed to the decay of lnscd, and 248

of these have been placed in a 1°5Ag level scheme involving

50 excited states. Absclute values for the B+/EC transition

losAg levels were determined. The 8%/EC

intensities to
feeding from the 5/2+ 1050d to the 7/2+ 25.5-keV isomeric
state in 105Ag 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
1311 and lOSCd are interpreted in terms of the shell model
and core excitaticn considerations with emphasis placed on

the core 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-
rent of nuclear models ba-<ed on various simplifying assump-
tions. Experimental data on nuclear structure provide the
invetus 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! ical model predictions provide much of the impetus fox
experimental Investigations in order to test the theories.
In the past decade, technological developments have allnwed
the detailed investigation of increasingly ccmplex nuclear
decay schemes, thereby greatly increasing the base of nuclear
structure data which must be addressed by any nuclear model.

1311 and 105Ag,as observed in

This study of the levels of
radioactive decay,was initiated in order to extend this data
base. fThe 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 degcribe 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

131 losAg nuclides of this study

uged to describe the I and
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



excellent reviews (e.d.,61Sh, 62Pr, 635h, 64La, 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 ig subject to a strong spin-orbit interaction. 1In

a manaer analogous to the atomic electron case, the nucleons
fill a prescribed orbital level scheme. Like nucleons are
assumed tc experience a strong pairing fu.roe which results

in nucleons f£filling in pairs with anti-parallel angular
momenta, thus, the ground state of an even-even nucleus is

a highly corrcelated 0+ state, and the tatal angular momentum
of an odd-mass-number nucleus is just that of thke odd nucleon
remaining unpaired. Nuclear excitations in this model result
from the promotion of the odd nucleon to a higher energy
orkital or the breaking of a pair of nucleons and then
recoupling them to a non-zero angular momentum.

The shell model is reascnably successful at predicting
much systematic behavier of nuclei (e.,g. the occurrence of
"closed shells ; and many of the ground stat.: properties of
nuclei (e.g. the ground state spin, parity, and magnetic
dipnle 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

atrained by approximating the residual interaction by a



residual force consisting of two separable parts, one having
a short ranre and the other having a long range relative
to the average internucleon distance.

The short range part of the residual ferce is a strong
pairing (J=0) interaction between like nucleons. The pairing
residual interaction was first treated by Bohr, Mottelson,
and Pines (58Bo), Balyaev (59Ba2Z), and Kisslinger and Sorenson
(60Ki, 63Ki) using the mathematical technigues developed oy
Bardeen, Cooper, and Schrieffer (57Ba) to describe supercon-
ductivity. The pairing force couples like nucleons to zero
total angular momentum (J=0) and favors spherically symmetric
nuclear distributions. The pairing correlations result in
each nucleon, on the average, being surrounded by a ¢loud
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 guasi-particle. The basis states of a model including
the strong pairing force are the shell model states, and the
quasi~particle enorgies, EJ, are given in terms cf the
original particle energies.eJ {shell model state energies),
by the equation:

By = \tegm 02 o+ AR (w
In this equation, A is the chemical potential (I the fermi
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



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 gquadrupole (PZ' Q-Q, or J=2) force which
acts botween pairs of both like and unlike nucleons (guasi-
particles or particles) coupling them to 3 total angular
momentum of two (J=2). The effect of the quadrupole force
in an even-even nucleus is usually determined by the guasi-~
particle random phase approximation (QRPA). 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 bntween groups of excited
states being Rw as calculated for a gnantum harmonic oscil-
lator. By analogy with vibrational waves in acoustics, 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 posgibly some of the three-phonon) excitation multiplets
in even~even spherical nuclei have been observed and identi-
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fied, In odd-mass spherical nuclei (e.g.. I and Ag),

nuclear excitations may result from the coupling of the



cdd quasi-particle (or particle) in its ground state or in
an excited state to a vibrational excitatlon of the even-
even "core". 1In 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 vibratlonal configuration.

Tho 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 guasi-particle)
and a quadrupole vibration of the even-even core made up
of the remaining nucleons. The quadrupole vibration 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, 615h). The interaction between the odd
nucieon and the quadrupole vibration is treated phenomeno-
logically as being a function of a spherical harmonic of
second order, qu(a, g). 1In this model, multiplets of
levels are predicted to lie at -~Nw 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



only the quadrupole vibration excitations of the cven-cven
core. A more general particle-core coupling model has been
sugiested by de~Shalit (61Sh) which couples the unpairce
nucleon to the experimentally determined states of the even-
even core. Such a model, then, is not restrictec to col-
lective vibraticnal core excitations, but may include other
core excitations such as two-preton and two-neutron states.
In this model, however, it is necessary to treat the particle-
core interact.on in a more general way than considering it
to be a function of YZH(G, $)e

To explain the level structures cf the odd~mass iodine
and silver nuclei, four distinct models have been developed
as cxtensions of the shell model. These arxe: (l1.) the
pairing-plus-quadrupole model of Kisslinger and Sorenson
(60Ki, -"Xi), (2.) the intermediate coupling {(single particle
plus phonon) model (68Ru}, (3.) the dressed three quasi-
particle (3QP) model of Kurifama. Marumeri, and Matsuyanagi
(71Ku, 72®u, 74Kul, 74Kul, 74Ku3d, 74Kud, 74Ma3), and (4.)
the three-particle plus quadrupele vibration model (Alaga
model) (67A1, 73Al, 73Pa, 74Ci, 74va}. These models are all
based on the shell model but differ principally in five major
areas, those being: (l.) whether the model considers nucleons
as particles or quasi-particles, (2.) how many (guasi-)
particles are treated!l and/or 3), (3.) how many phonons
are explicitly considered (0 to 3}, (4.) whether the inter-
action between particles and phonors is treated microscopically

or macroscopically, and (5.) exactly vhat snell model config-
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uratiens are included in the model. I shall compars and
sontrast these four theories according to which Feynman
dlaurams cach model considers and how each treats the
interactions and configurations depicted in the diagrams,
Poynman diagrams are pecoming more and more a part of the
lanauage of rthe nuclear theoretician, and their usce in
naclear theory has been described in detall by Baranger
ro7Ba) and by Mattuck (67Ma). Diagrams have the advartage
o! beinyg essentially pictures of what is happening inside a
guantal system 1in perturbation theory, and, hence, they
Glve sonme feelaing for what physical configarations and
processes are bein; tonsidercd by a nuclear model.

In presenting Feynsan diavrams 1 shall adopt the form~
alism that a linc scgrment will represent a particle or
Juasi-particle in a specific shell model single porticle
state, and that a vertex (dot) will represent an interaction
(cr scattering) in the nucleus. Thus, cach vertex represents
a natrax element in the perturbation calculation. Figure 1

fapicts a particle (a) and a hole (b) propagating in some

o

configuration, As holes and particles arc mathematically
similar I will uenerally employ gimply an undirected line
segtint {Figure lc) to represent either a particle or a
hole. (Nota bene: the calculations on iodine (silver)
nucleyr treat one and.'or three particles (heles).) Since
¢he only forces beinyg considered are two body Iorces, each
vertex must have Iour line segments attached to it as shown

in Figure 2. A diagram may be scanned from bottom to top,
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1.

3.

Figures

Feynman diagram of a particle or hole in some
particular shell-inodel orbital. 2a 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.

Feynman 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.



(a)

Y (c)

(b}



(3

o))

4,

)

10



9972

e

9972

-_— e =

{a)

ds5/2

- wm t =™ 3

9772

-— e = 2

9772

o =t ow ]

J=2

11

(b)



12

considering the system as propagating forward in time.
Thus, the diagram shown in Figure ¢ represents particles
in the shell nmodel orbitals "1" and "2"undergoiag an inter-
action and emerging in the single particle states "3" and
"4", which may or may not be the same as the original ones.
The configurations depicted in a diagram may be deter-
mined py drawing a horizontal line, wihich 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 Lasis 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
tota: configuration. At time t=1 the configuration is
(97/2 97/2)2, and at time t=3, several interactions later,
the configuration is (97/2 d5/2)2' As phonons are 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 guadrupole interaction.
Before discussing the four thecretical models in detail,
it is impprtant to note exactly which shell rnodel levels are
of 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 Ag and 1), 28 <2 <50 (for Ag), and 50 <2 <82 (for I),
rhe sh:sll model states between 30 and 82 are (in approximate
order of increasing energy) 197/2, 265/2, 2d3/2, 351/2, and

1 The shell medel states between 28 and 50 arc 2p3/2,

11/
1E7/£, 291/2' and 1g7/2. 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 guasi-particles and up to two pheonon excitations.
Diagram segments showing the zero, one, and two phonon
configurations and interactions included in the model are
presented in Figures lc, 4, and 5. Fiqure 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 ligure 5 may be inter-
preted similarly. All legal diagrams consist of sequences
of these segments. Note that the requirement of having
only two-bpdy 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 QRPA, and the
interaction between quasi-particles and phonons is treated

microscopically.
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4.

Figures

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

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

Feynman diagrams showing the possible config-
urations and interactions when treating three-
phonon states. The numbers indicate the
number ¢f phonons present at a particular
instant in time.
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The intermediate coupliha model as applied by Rustgi
et al. (68Ru) considers single particles and up to three
phonon excitations. The diagrams included in this 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
guasl-~particles) in the proton valence orbitals. The phonons
are macroscopic phonons as determined from the experimental
states of the evei-even core, and the interactiorn between
a phonon and a particle is treated macroscopically as a
function of Y2p 0,0 ).

These two models, treating one particle or gquasi-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 their 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 heing fillea, there occurs a low-lying
state of spin J-1. These states have heen termed "anomolous
coupling states", and their position and properties have
not bheen explained by pairing-plus-quadrupole or intermediate
coupling calculations, Models have been develaped which
explicitly consider three particles (or gquasi-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)g_l.

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 quadrupole force. The three
quasi-particles may be either three quasi=-protons or one
quasi-proton plus two quasi-neutronis. 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 baclwards 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, configqurations and interactions which are essentially
quasi~particle plus 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 Figqure 7, a diagram may be constructed which is essen-
tially equivalent to the diagram in Figure 4. This is il-
lustrated in Figure 8, ip which 8a is essentially equal to
8h as long as Ba includes sufficient quasi-particle con~
figuration combinations in theApair correlated by the J=2

residual interacgtion.
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7.

9.

Figures

The Feynman diagram segments (showing config-
urations and interactions) which are included
in the dressed three quasi~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 guasi~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
2nd the inclusion of backwards amplitudes results in the
3Q0P model considering a juasi-particle plus phonon diagram
(Pigure 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. The pairing-plus-
quadrupole model and the intermediate coupling model do not
consider this diagram, as they determine the phonon from
either calculating or cbserving 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 samc
shell model orbital. 1In this case the Racalh coefficient
which arises in the coupling calculation results in the
energy of the J-1 state being greatly reduced relative
to the other four possible total couplings (J-2, J, J+1,

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 whaich are filling the large spin opposite
parity levels between shell closures. In the silver nuclei,
for example, the 199/2 shell model orbital, which is kbeing
filled, provides the principal proton configuration contri-
bution to the 2% phonon, and hence, a low-lying J-1 = 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 c¢dd-mass silver nuclei
the low-lying 7/2+ state is se2n as predominantly (199/2)3/2
in character. 1In the iodine nuclei, the second 5/2+ state
is interpreted as being principally (197/2J§/2 in character.
The effect in iodine nuclei is not as marked as in silver,
however, because in the iodine nuclei, proton orbitals

otner than 197/2 make major contributions to the quadrupole
vibration.

Like the 3QP model, the Alaga model explicitly considers
threg=-proton configurations, and this results in the same
interpretation of the anomolous coupling states. However,
the details of the model are very difterent., The Alaga
model treats nucleons as particles, and considers only three-
proton configurations using the 2p1/2, 2p3/2. anc 195/2'
basis states in the case of silver or the 351/2, 2d3/2,

2d5/2, and lq7/2 hasis 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 (Mw ) 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 7¢, with
the Jdot representing »nly a J=0 interaction. The phonun
segments of the diagrams, Figures 10c and 10d, include all
those shown in Figures 4,5,and 6 (with the addition of two
spectator particles) as well as all possible combinztions
in which a phonon is created in an interaction with one
of the three particles and destroyed in an interaction with
another, Fiqures l0e through 10i,

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 may be regarded as a "macroscopic vertex",
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Flgures

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

11. Feynman diagram dupicting 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-~
cally 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 znalogous with the pion exchange between
nucleons in the bare nucleon-nucleon interaction. (1n the
diagrams I have been presenting, the details of the pion
exchange are "hidden” in the black vertices.) 1In the de-
tailed calculation, the particle-phonon coupling strength
is renormalized to effectively reproduce the guadrupole
contribution to the residual interaction. The confiqura-
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 1l2. 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.
(Nota bene: The size or shape of a Feyrman 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 Paull principle violation inherent
in the single-particle theories. As a result of this cor-
rection, they are able to explain the experimentally observed
anomolous coupling states. The dressed three quasi-particle
model of Kuriyama et al. is perhaps te¢ be preferred over the
Alaga model as it conasiders 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., ﬂvz 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 statea having
relatively low excitation energies and spin values.
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I and Ag as observed

This study of the levels o
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 been
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 medels.



1I. APPARATUS AND TECHNIQUES

A. Detectors.

During the course of this investigation, lithium-
drifted germanium, 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 large 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 tomperature with a copper dipstick. Regquired high
voltage bias for the c¢rystals ranged from 1000 to 4000
volts of a specific polarity. Xw-rays and low energy
r=rays {typically €20r keV) were oubserved with small
volume planar Ge(Li) x-ray detectors. fThese detcctors
typically had an active volume of ~0,5 cm3. a thin
beryllium window, and a full width at half maximum
(FWHM) resolution of ~0,5 keV for the 59.5-keV y-ray

241Am. ligher encrgy y=-rays { 2100 keV) were ob-

of
scrved with a wide variety of larger volume Ge(Li)
detectors of both the true coaxial crystal and the
closed-end crystal types, These detectors ranged in
size from 7 om? to 80 cm® and in FWHM from 1.8 keV to

2.8 keV for the 1332-keV y-ray of &0Co . They had

33



rated cfficiencies relative to a 3" by 3" Nal (T1)
detoctor ranging from ~1% to ~16% for the 1332-kev
60Co Yy-ray counted at & sourcec-detector 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 B8192-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 y~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.

Gammna=ray sihgles spectra were also observed in a

Compton anti~coincidence mode using a Compton-suppres-



sion spectrometer. This system has been described in
detail elsewhere {(69Ca) » A 7 cm3 planar Ge(Li) detcc-
tor {(FWIM of 2.0 keV at 1332 keV) was mounted in a
%aI(TLl) anti1-Compton annulus consisting of two Y" by 13"
NaT'T1l)  crystals. Most Compton-scattered y~rays
escaping from the Ge(Li) crystal were observed in the
NaI'Tl) crystals. Amplified pulses from the associated
photomultiplier tubes were appropriately timed and
delayed to provide an anti-coincidence gate pulse ior
the ADC. 1n this manner, then, the observation of
Compton vt * in tho central 3e(li) delector was
fqreatly reduced, The peak-to-ainimum continuum value
for this system was mcasured to be 640 to 1 for the
662-keV y-ray of 137Cs. This corrcsponds 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 veolume (~50-60 cm3) 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
shiortest and least varying pulse rise time and hence
is best for fast-timing applications., Radiation sources
were placed ~5 cm 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 absorbor
was placed between the detectors to reduce "detector
cross-talk" which results from the observation of
photons which were Compton scattered from one dctec-
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(li)
crystals were first amplified by FET preamplificrs,
the outputs of whicn were split for simultaneous
encrgy and timing resolution. The cnergy pulses were
amplified by ORTEC 450 amplifiers and shaped so as to
optimize c¢cnergy resolution. The amplifier output
signal from one detector was sent to 1 TENNELEC TC
592P Digital Rate Meter (Tennelec, Inc,) to allow con-
t.inuous monitoring of the singles count rate in the
detector., The output signals from both amplifiers
waere 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 delaved the



cnergy signals relative to the timirg signals in order
to mect the timing criteria of the TENNELEC TC 621
Stretchey Multiplexers as these units required the
logical gate pulses to precede the linear energy
pulses. With a logical gate pulse present, the Stret-
cher Multiplexers held the cnergy signals for analysin
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-
priatcly shaped and amplified them for analysis by the
ORTEC 463 Constant Fraction Timing Discriminators,

The ORTEC 463 timing modules operate on the "amplitude
rise-time-compensation” timing technique (ARC timing)
which, as its pname implies, compensates for the timing
*walk"” which is the result of variations in preampli-
fier pulse heiqht and rise time. This technique is
more preogise than lcading-cdge or zero-crossover tim-
ing, The fasc timing logic signals from the ORTEC 463
units were sent to a LeCRQY 108H Time~ta-aAmplitude
Canverter {TAC) (LocCroy Research Systems, Inc,) with
one signal bheing a "start® pulse and the other being a
“stop® pulsc, Thae “stop® pulse was delayed far ~30-60
nsec by ane or rore CANBERRA 1458 Delay Units in order

to insure that it arrived at the TAC after the "start"



pulse. The TAC produced output pulses proportional to
the time differcnce 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 pulsc
which was a prompt Y-y coincidence (~ ‘15 nsec from

6OCo decay). Each logic

the prompt coincidence in
pulse output from the SCA, then, represented 2 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 CANNBERRA 1776 Dual Counter/Timer
which continuously monitored the coincidence rate.

With gate pulses presont the coincident cvents
held in the stretcher multiplexers were subjected to
a two~paramecter analysis by the svstem shown in Figure
14, The TENNELEC TC 501 ADC processed first the "start"
side energy signal and then the "stop" side signal,
copverting the 0~-10 volt analog signals linecarly to
digital addresses, 0 to 8191, These pairs of numbers
were stored in the PDP 11/0% Computer (Digital Equip-
ment Corp., Inc,}, and when 186 pairs had bheen accum-

nlated they were recorded on computer compatible mag-
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13,

14.

5.

Figures

Block diagram of the Lawrence Livermore
Laboratory Ge(Li)-Ce(Li) coincidence system
employing the "gingla-channel time window"
meched and ARC timing.

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

Block diagram of the electronics system
used to set the "single-channel time window"
on the Lawrence Livermore Laboratory Ge(Li)-~
Ge{Li} coincidence system.
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net ice tape.  Once 2400-ft magnetic tape recorded approx-
imately 3 8 x 10° coincidence cvents. This tape could
be "playved back” inte the PDP 11/05 Computer or taken
to the LLL CDC 7600 Computer System for analysis.
During operation, communication between the operator
and tne computer was perfaormed via a teletype terminal.
Computor proyrams were read in from either punched
paper taja. oy magnetic tape cassettes. As well as
recording all coincidence pairs on magnetic tape, the
computer also stored the any-coincidence spectra from
cach of the detectors and displayed them on an ascil~
lisrope display in various formats as determined by the
TENNECOMP HYCCUPS~M Interface (Tennecomp Systems,

Inc.) under the control of the operator.

The timing "window" used to determine y=y coinci~-
dences 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 portior
of the system shown in Pigure 13, The TAZ output was
then split with oue signal going to the SCA as hefaore
and the other being routed through two ORTEC 437 Delay
Amplifiers with the delay set so that the SCA logic
output siganal and the delayed TAC signal occurred
simultaneously. The delayed TAC outpur was then sent
to the linear input of an ORTEC 442 .inear Gate and

Stretcher and the SCA logic output was used as a gating



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 Ge(Li) detectors used with this y-y coinci-
dence system had optimum FWHM cnergy 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 1417
Delay Amplifier in the energy analysis portion of the
system, the effective energy resolutions over a long
experiment ( >12 hours) 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
105Cd) was ~2200-2700 coincidences/min, Under these
conditions the prompt vy coincidence peak in the time
spectrum had a FWHM time resolution of ~15 nsec and
a full width ai tenth maximum (FW.1M) of ~35 nsec.

The SCA timing gate was set at the FW,1IM limits resuli-
ing in a recal-to=random coincidence ratio of -15 to
one, The cenergy range which couid be observad under
these conditions was approximately 13Q 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 elscwhere
(71Apl}  with the exception that a 26 cm® Ge(ni)
detector has been replaced with one of larger volume,
The detectors used with this system were true coaxial

3

Ge {Li) detectors with active volumes of 55 cm” and

65 cm3, both having a FWHM energy resolution of 2,1

6OCo y-ray. The timing criteria

keV for the 1332-keV
between the energy signals and the gating signals were
ruch less stringant with this system, hence this system
did not require either the restorer/rejectors or the
delay amplifiers, Thie fact, along with the location
of the system in a thermally stabilized room, resulted
in no appreciable deterioration in detector energy
resolution under expcrimental conditions. The use of
ORPEC 453 Constant Fraction Timing Discriminators
instead of ORTEC 463 modules resulted in an enercy
acceptance range of approximately 50 keV to 3000 keVv
and a timing resolution of +~11 nsec FWHM and ~23 nsec
FW.l1t. With the SCA timing gate set at the FW.1M
limits, a singles count rate of ~10,000 counts/sec.

L317,M*9) ¢ .2600 coin-

and a coincidence rate (for
cidences/min., the real~to-random coincidence ratio

was measured to bhe ~27 to one.
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D. Analysis of Data

The large amounts of data acquired in y-ray specc-
troscopic studies virtually necessitate some form of
computerized data analysis. 1In 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 proresses 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 (g.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 vnergies, 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 varicty of spectrum plots ranging from Jabeled
plots of the entire spectrum to detailed plots of the
fitting of cach peak. B8Some singles spectra taken at
UM were analyzed on the UM UNIVAC 1108 computer system
using computer codes developed at UM (7 Go , 73Vi)

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 y-ray spectra in
one detector {(e.g., the "stop” detector, labeled "Y")
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 werc processed on the UM UNIVAC 1108 computer
systom, 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 computcr codes were developed by Dr. J. T.
Larsen (75La2) to process data from the LLL two-
paramcter coincidence system using the LLL CDC 7600
computer systems,

Gamma~ray energics were determined by obtaining
spectra simultaneously from samples and known y-ray

standards an one or more of the detector=analyzer



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 “CALIBA" (see Appendix I). Ener-
gies of low-intensity yv-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
24 57

energy standards used included 22Na. Na, 56Co, Co,
EDCO' 110Agm' llasn' 1255b, lSSBa' 137c5' 182Ta,
1921r' 203Hg, 20781, 228Th. and 241Am. 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.g., the thickness of the
"decad" 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(lLi) detectors has heen described in detail
elsewhers (e.g., 71Gu , 71Apl , 6920 ), It involves
the analysis of spectra from y-ray standards of known

ahsolyte intensity as well as from radioactive species

4B
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emitting many y-rays with well~known intensity ratios.
Quoted uncertainties in intensity values are one stan=-
dard deviation as determined from the peak £it and
integration, To obtain uncertainties in absoclute in=-
tensities an uncertainty of 2%, representing the un-
certainty in the detector relative efficiency curves,

must be added in quadrature.
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111. DECAY SCHEMES OF 30~hr Te™ AND

25-min 131Teg

A. Introduction.

The iodine nuclei, with three protons beyond the closced
shell at 2=50 and neutron number approaching the closcd
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 1291. This has included the study of the decay of

129Tem+q

I and
127,,M49 (70ap1, 71Apl), the study of the decay of
{(72wa, 74Mal), t..e study of y-ray angular correlations in

129 126,128 127,129I

I (74be), the study of the Te Cie, d)

reactions (68Au), and the study of the Coulomb cxcitation

of 127 1291 (73Re). 1In addition there have been

I and
several recent theoretical studies which have dealt with
single particle plus phonon (68Ru)}, three quasi-particle
plus phonon (73Al, 73Pa, 74Ci, 74va), and dressed three
quasi=-particle (71Ku, 72Ku, 74Kul, 74Ku2, 74Ku3, 74Kud,
74Ma3) states near the 2=50 closed shell. The decays of

1311 are of particular

Blp™ ang 30e? to levels in
interest because of the increased Qg values (relative to
127Te and 129Te) which allow the obscrvation of levels
at higher excitation energies, A knowledge of the levels
of 1311 allows the extension of the systematics of the
level structures of the odd-mass neutron excess iodine

isotopes, The systematics of the energy levels and their

30



51

clectromagnetic decay properties provide both a valuable
check of the theoretical work as well as a quide to further
theorctical development.

The structurc and properties of the high spin (7 » 7/2)
exclted states of 1311 observed in the decay of 30~hr
11727 P loayvere first studied by Hebb {55He) and by
Badescu ct al. (59Ba, 61Ba). More recent studizs, employ-
ing Ge(Li) dotectors and Ge(Li)~ NaI(Tl) coincidence spec~
trometers, were performad by Devare, fingru, and Devare
{65Dc} and by Beyer, Berzins, and Kelly (67Bel). The
multipolaritices of scveral of the transitions were estab-

lished by studics of the interral conversion electron
131Tem

121

spectrum associated with the decay of (65De, 67Be2).

Two isomeric states havce been observed in I, one at
149.7 keV and the other at 1797 keV, with half-lives of
0.75- nsec {71Mal) 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 schceme for 131Tem, however,
coptained manv ambiquities as to spin and parity assign-
nents of the 131: levels, To a large extent, these am=-
biguities resulted From the use ¢f small volume, low re~
solution Ge(Li) detectors and the use of a Nal(Tl)
detectoy in the y-y coincidence measurements,

For the purpose of elucidating the high-spin level
structure of 1311, I investigated the decay of 30-hr

11/27 131Tem. making extensive use of large volume, high
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resolution Ge(Li) detectors for both y=-ray singles and y-y
coincidence measurementsa, I have been able to identify

131Tem

190 y=rays associated with the decay of 30-hr and

1311 level acheme. The

have placed 174 of these in a
study was complicated by the observation of numerous im-
portant y=ray multiplets, many of which were resolvable
only through the usc of the Ge(Li)=Ge(Li) Y=Y coincidence
data; and by the interfercnces trom the decays of 25-min
131009 and 8.0-day 1311,

The structure of the low=-spin (<5/2) excited states
of 1311 seen in the decay of 25-min 3/2+ 131Teg was first
studicd using low=resolution NaI(Tl) detectors (55Ma,
$1Fe, 63De, 672h), however these studies provided incon-
sistent data, More recently, this decay has been studied
in detail, using Ge(Li) detectors and a Ge(Li)~Ge(Li)
coincidence spectrometer, by Walters, Bemis, and Gordon
{65Wa) and by Macias and Walters (71Mal}. In addition,
the 13, level etructure has been studied, using the
13He,d) reaction on 13°Tei hy #uble, Ball, wd Fulmer
{(6BAu}, I performed an indcpendent invost:,.tion af the
decay of 25=-min lleeq to aid in the assignment of weak
y~rays and to reduce the uncertainties in the measured
87, ¥7, and isomeric-transition (IT) branches of the
isomeric decay, I have heen able to identify 80 y-rays

associated with the decay of 25-min 13
131

Te? and have placed

77 of these in a lewel scheme for I.

The total yesultant 1“I level scheme consists of 52
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excited states below 2333 keV, Of these, 3B were observed

in the decay of 30-hr 11/2% 131Tem, and 19 were observed in

the decay of 25-min 5/2+ lalTeg.

B, Experimental Procedure and Results.

l. Source Preparation.

The samples of 131Tem were produced by irradiating
130

10-50 mg of tellurium metal enriched to 99.5% Te {(pur-
chased from Isotopes Division, Oak Ridge National Laboratory,
Oak Ridge, Tenncssee) for several hours in either the Law-
rence Livermore Laboratory (LLL) pool-type reactor or the

National Bureau of Standards (NBS) reactor at thermal

2 1

neutron £luxes of 0.5 - 5.0 x 1022 neutrons - om™2 - gec™l,
The sources were allowed to decay for several hours until
the 25-min Y2 7e9 was in transient eguilibrium with the
I0=hr 131Tnm. At that point the principal activities
present were ~1=2 mei of 131Tem, ~0,2 = 0.4 mci of 131Teg
and ~15=30 mCi of 8.0-day 131!. & chemical separation was
£ 1

performed ko retigve this large amount o I activity.

The following chemical procedure was developed to

1311 activity was retained in solution and

insure that the
not released to the atmosphere., The irradiated Te metal
sample, in powder form, was placed in a flask along with
@,5 mk of & M NaOH and 0.5 mf of a KI solution equivalent
to 0,5 mg of icdine, Then, 2 mR of fresh 30% H,0, was
9)lowly added while gently agitating the flask. When the

sample was completely dissolved (~10 min), the solation



o
kN

was chilled in an ice water bath and 6-8 drops of conc.
HNO3 were added to form 12. The contents of the flask
were then transferred to a sepsretory funnel and extracted
with three 5=7 mi portions of cold ccl4, each time discaid=-

1311 activity)

ing the cc14 fraction (which contains the
in the liquid radicactive waste. The water fraction was
then transferred to a flask along with ~1-2 mf of 1,0

used to rinse the separatory funnel. Approximately 2 m?

of conc. formic acid (88% HCOOH) wza then added, and tl
flask was heated in a bolling water bath until the No;

was completely destroyca (~5-8 minutes). At this time

the solution was made basic (pH <~ 13-14) with 6M NaoOH,

and 50, was bubbled through the solution to precipitate

the tellurium as the metal, The black metallic Te pre-
cipitate was then filtered out and mounted ¢n a sample card
for counting or redissolved to repeat the (hemical separa-
tion, One separation was usually sufficient to remove
nearly all of the 1311. The degree of purification was
somewhat difficult to determine as two of the principal
331y y-rays (80.183- and 364.480-kev) are doubleted with
131pe™ y-rays 181.14- and 2364.98-keV), however at the
end of one typical separation step the 364-keV doublet

was approximately one-~fifteenth as intense as the principal
1310.™ transition (773.67=keV), [See Appendix II, Fart C.]

The chemical yield of Te, as determined gravimetrically,

was ~85-92% per purification cycle,
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131309 were produced by neutron irradia-

The sources of
tion of lonc in the LLL pool~type reactor. Larye samples
{ >50 mg) and short irradiation times (30 sec.) were em~-
ployed to minimize the production of 131Tem and 1311. No
chemical separations were performed, and counting began
~5 min, after irradiation. Each sample was replaced with
a frosh sample cvery 25 min., and a total of nineteen

25=min counts werc summed to achieve good statistics.

2., Gamma=-Ray Singles Spectioscopy.

131Tem

Direct y~ray spectra of 30~hr samples were

taken using a large variety of detector-pulse~height ana=-
lyzor systems at LLL and at UM, These systems included a
0.6 cm3 Ge(Li) x=ray detector with FWHM energy resclution
of 480 oV at 60 keV as well as a large number of Ge(Li)

3 to 65 cm3 and in

FWHEM from 1.9 keV to 2.4 keV for the 1332«keV 60Co Y~ray.

detectors ranging in size from 7 cm

In addition, extensive usc was made of the LLL Compton
Suppression Spectrometer (69Ca). Spectra were taken

through various absorbers, in¢luding 1/2" of Al, 1/2" of

Pb, 1% a¥ Ph, i/2% 2f €4, and several combinations of these.
&. wce to detector distances ranged from <1 ¢m to ~5¢ cm,
The absorber and distance variations allowed the deter=-
mination of summing contributions to the spectra. Sum
peaks, being the result of simultaneous phservation of
intense coincident pairs of y-rays, tended to vanish at

smaller salid-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 thickness at approximately the same rate as the
intensities of the lower energy Y-raya. Spectra were taken
over a perlod of ~5 half~-lives (~150 hours), and counting

times ranged fvom ~1 hr to ~62 hr. In all, over 40 differ-

131Tem

ont spectra were taken of the agurces.

The y~ray spectrum of an eguilibrium source of lleem+g

3

vbserved with the 7 em” 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 purtion of the

spectrum, A portion of the low-energy spectrum of 131Tem+g

3

ohserved with the 0.6 cm” Ge(Li) detector ia shown in

Figures 21 and 22, From all spectra, a total of 260 peaks
were observed, including singlewescape (SE), 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

131, m

were attributed to the decay of 3i0~hr Te ', although 16

aof these were no* placed in the decay scheme, A majority

of the remaining y~rays were assigned to eithex 131Teq

decay (based on the present work and the work of Macias

131

and Walters {71Mail ) ar to I decay (based on the work



16.

17.

18,

19.

20,

Figures

Compton supressed y-~ray spectrum (CSS) of
1:”‘Te'““a between 0 and 400 keV.

131, m+g
Compton supressed y-ray spectrum of Te
between 300 and 800 keV.
Compton supresced y-ray spectrum of 131Tem+g
between 800 and 1200 kev.
Ccompton supressed y-ray spectrum of 131Tem+g
between 1200 and 1600 keV.
Compton supressed y-ray Epectzum of oire™*d
between 1600 and 2000 keV and y=-ray spectrum
from 19 cm’ detector {M) between 1600 and
2400 kev,
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Figures

21. y-ray spectrum cf 2317e™9 between 9 and 100
keV observed with the 0.6 cm3 ¥-ray detector,

22. +y=-ray spectrum of 131Tem+g between 100 and
195 keV observed with the 0.6 cm3 X=ray
detector.
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IARE 1.

Gatia Rays Chuerved ta the Doeay of 30-hr 11f2. 13375,

Energy® Im,en‘:itya’b Note Teansitiont Csincident Garxa Rays in 1317¢™ Decwy
(key) {frem/ vo ar Tdentificati-o®
16,2 (1) Ce x-ray escape peak
7.3 (1) Ge x-ray escape peak
17.6 (1) Ge x-ray eccape peak
18,4 (1) Ge x-ray escape peak
18,1 (1) Ge x-ray escape peak
19,6 {1} Ge X-ruy escape peak
9.5 (3) Ge x-ray escape peak
21,1 (1) Ge x-ray escape peak
21.8 (1) Ge x-ray escape peak
22,4 (1) Ge x-ray escape peak
23,1 (1) Ge x-ray escape peak
22,7 (1) Gt x-ray escape reak
k.2 (1) Ge X-ray escape poak

99



Energy’ Intensity™® tite Transiti n < dent Garma Bays ‘n 191767 pe-uy
(xeV) {tr =/ + ) xro.dentifiati oo
21.2 {1} Te X-ray
215 (1} T2 x-ray
28,3 {1) 1 xeroy
28,6 (1) 1 x-ray
9.5 (1) Xe x-ray
2.8 (1) Xe x-ray
3.0 {1) Te x-ray
31,7 (1) Te X-ray
32,3 (1) I x-ray
33.0 (1) 1 x-

33.6 (1) Xe x-ray
3.k (1) Xe Xeray
35.55 (B) 1250
56,83 (3) .31 (4) (1924/1887)

51,00 (5) 0,16 (4) (1697/1646)

L9



Jutvn:‘jtyu’b ot Grancition’ Coimrident Germn Reyr in Y3100 pergy

{fr =) v. ) r ldentifieation &

() Os ik {u) it pla-ed

(1) 0.3 {2) 36579/ 1605

(1) 0,07 (%) it placed

(1) 18

(1) 0,15 (4 ot plared

(2) 0.4 (6) (2c63/2001)

(") 0.1 (%) 1t plee:d

(8) 0.21 (5) 2¢01/1756)

(5) 0.6 (1) it piaced

(1) Al X-ray

(1) (3C X-ray escane poak

[¢9] G0 ¥eYay eso-De Teak

() Pb x-ray

(5} O.v3 (R) (20 /20 v

(1) Pl oxary

a9



Zresn’ Totenainyt Ty Gt 13 -

VEsV) (fr . 7 r 13 $ ,

TR.E (B) G0 (%) aof

.39 (3) 2.2 (1) 013/31951 174, 3%

20,18 (2) 1y 23,00 )

3L (2) 105 (#) 1990/1693 162, W3.., 1=, 133, 190, 000, ho, T3,
342, (b, 773, \Az, 793, A0z, &, 1023,
1175, lGho

Bh.g (1) Fb X-Tuy

36,43 (") 2.8 () 2013 /1924 149, 7, 278, 773, 1150

8.3 (1) Eb x-ray

92,2 1) Ge x-ray escape peak

95.00 (12) 0.10 (5) ot placed

36,4 (2) a5 (o) lou placed

98.5 (1} 0.35 (8) 1646/1547

wo.0 (1) .g {3) 1980/1280

1056 (3) Lo (h) 2001/1839 102

69



TABLE I (cont,)

Energy” Intenaizye’}' Rute Pranzition® Coincident Garma Rays in 12177 Decay
(key) (from/ wo ) or Irienbif’.catimd
102,06 {1) 205 {y) 1899/1797 81, 101, i, !B9.7, 151, 200, 2ku, Tik,
i3, 782, 7193, £22, 852, 1023
10%.3  (3) 1.2 {2) (2114 /2011)
105.0  (2) 0.7 (1) {2168/2063)
9.4 {2) 1.3 {1) T, 125 131qeis, 131 17
0. (1) G 2317l {€02/592]
0.9 (2) H, 125m )SlTem’ xsTem
0.2 (1) ¥P 602/492 492
11,9 (2) 0.8 (2) 201171899 107, 3z
113.5 (1) 0.3 (1) 2011/1887
1237  (5) 0.10 (5) st ploced
125.2  (3) 0.22 (8) Q ilot placed
6.1 (3) 0.15 (8) 1887/1761
127.4 (&) 0.6 (2) (192L,/1797)
130.5 (1) 1.8 (2) D H.t places
Ba.z (1) o.l2 (8) Q 4 placed

0L



$ABLs 1 {eone .

a
Inerpy

Intensi tya’b

Hote Transitim® C-‘neident Gatra Rays In '3'To™ Dioay
(nev) (£rm/ 1) .r Igentificati n°
124,86 (2) 18.3  (6) 1931/1797 79, 182, 200, 2Lo, TML, 773, 732, 822, 852
157.6  (2) (1) 1899/7761
139.8 (1) Ge x-ray escape peak
9.5 (3) 2.0 (5) G 197/1547 283, 773, Tib
149,71 (1) 533 {5) T 181q8, 1310
Lo2 (12) G 318 - 149/ GS)
131 17) M 131l
125 {6) MF 149/ Gs 81, 86, 107, 151, 1689, 200, 253, 255, 278,
300, 374, 342, 351, 354, 364, A5z, 462, 586,
609, 665, 685, 702, 713, 7hi, 793, 852, 656,
865, 910, 920, 9h1, 995, 999, 1127, 114§,
1165, 1254, 1373, 1h96
51,2 (2) 7. () T 131T963’ 131
1. (%) G 13peS {1208/1146)
. 8) VD 1797/1646 81, 10z, k9.7, 183, 586, 703, 852, 1Ghé
1559 (2) LG () (2:70/2114)
159.60  (4) 3.5 (W) 1230 2170/ 911 123,

s 213, 3¢h, 93, 1237, 1646

TL



TABLE T (cont.)

Energy® Int;e::»sitya’b Note Transition” Coincident Gamma Ras's in 13i7e™ Pongy

(kevV) (from/ o ) or Identificatisn®

169.7  (2) 0.8 (2) 217¢/2001 1148, 2001

172.0  (2) 0.3 1) Not placed

177.2  (2) 1.7 (3) 131-1 1974/1797) 1817 ra,68] :

182.25 (2) 41 (%) T 131ql

20 (&) IT Internal trensition

182.25 _(2) 19 (5)...  ¢6 2114/1951 134, 200, 24o, 335, 375, 773, 822

183.11 (8) ko (5) 1980/1797 151, 200, 2k0, Tk, 773, 782, B2z, Bs2

188.13  (5) 5.5 (3) 2168/1980 81, 285, 334, 175, 793, 852, 910, 1750,
1127, 1256

189.76 (&) 13 (1) 211k /1920 159.7, 218, 173, 7193, 865, 110, 1€k€, 1287

90.52 (6) 3.0 ) 2170/1980 81, P83, 334, 773, 793, 52, 91, 159,
1127, l2n€

200.63 (2) 195 () 1797/1596 81, 1.2, 134, 14%.7, 182, 183, 215, Thl,
773, 822, A2

203.4  (4) 0.5 (2) Q (2001/1797)

207.5 (1) .6 (3) 1059/852 g2

(44

e


http://l85.ll

TABIE I (cont.)

Energy™ Intensity®® Hote Transition® Crincident Gamma Ray:s in IBLT™ Dosay
(xeV) (from/ to ) or Identificaticn®

210.3 (3) o (1) Not placed

211.9 (&) a.3 (1) Q 12im (1974/1761)

213.98 (3) 1.0 {5) 2011/1797 159, 200, 230, 240, T4k, 773, 782, %22, 852
227.7 (4 ok (3) Q (1924/1697)

23065 (5) - 5.0 - {3) 2241/2011 213, 364, 713, 793, 1237, 1646

232.3 (1) 2.4 (3) 2168/1936 1333, 1936

235.0 {2) 0.k (3) Q (2170/1936)

240.93 (1) 196 () 1797/1556 81, 102, 134, 182, 183, 213, 773, 782
252,17 (2) 16.8  (3) 1899/1646 81, 149.7, 586, 723, 852, 910, 1059, 1646
255.0 (1) 8.0 (3 1315/1050 149.7, 665, 910, 1059

2614  (2) ok (1) 2241/1980

267.2  (3) ok (3) QN (2241/197h)

269.2  (3) 2,8 (6) (2168/1809) or (1€46/1376)

272.%  (3) 1311 [0.76)

€L



TABLE I (cont.)

Energy” Inbensitya’b Note Transition® Coincident Gamma Rays in 1217¢” Decay
(kev) (from/ to ) of Tdentification’
27B.56 (2) 6.5  (9) T 131qeM, 131lp.E
0.6 (1) G 181me€ [1k427/1148)
278.56 (2) 46 (1) MD 1924 /1646 86, 149.7, 189, 345, 586, 193, 852, 910,
1059, 1646
28L.%  {3) 0.9 (5) 2168/187 1887
283.2 (2) 10 (1) 1980/1697 1%9.%, 188, 190, 8L, 852, 923
28130 (8) ' ’ 1827 161.5]
290.3  (2) 2.0 (3) 2270/1980
29t.8 (3) 1.3 (2) X 1148/852 8o
208.8 (2) 0.6 (k) T 121pa€ [14LL/1146] ¢ 1917 11800/1500]
0.6 (1) G 1317a€ {1440 /11067 ¢ 1817 11800/1500]
302.7 (2) 1.0 (3) 131-1, GG 1899/1596 311 fo,045] ¢ 822
303.9 (2) Lo (2) 2001/1697
300.47 (6) 9.7 (9) 1315/1¢05 149.7, 665, 856, 1075
317.9 (1) 1811 [C.79]
325.7 (W) 0.k (2) Wt placed

PL



TABLE I (cont.)

Intensity®’ b

Energy Note Trassition® Coincident Gamma Rays in 3217e™ Deomy
(kev) {(reom/ to ) or Tdent-ficationd
52,8 (2) 131t [g.22]
325.8  (2) 1317 12.49)
331.2  (6) 0.8 (3) 1646/1315
33h.27 (1) ou7 (3) 1980/1546 149.7, 188, 190, 586, TO2, 713, 795, 852,
T T e - - - 872, 910, 1059, 1646
335.44 (7) 3.5 (6) 1931/1596 79, 182, Tbh, 822
342.92 (5) w (2) T 131l 13178
(1) G 1317e€ [h92/149]
() MF Lo2/14g Ho.7
342.92 (5) 10 (3) GG, MD 1899/1556 81, 111, T3, 792
345.9  (3) 2.5 {8) N 2270/1924 278, 1150
351.3 (1) 5.5 (5) N 1899/1547 9.7, 695, 773, T4, 852
353.5  (3) 2.1 (8) T 181p™ 131008
0.1 (1) G 131968 [1500/1146]
2.0 (9) MD 22k1/1887 1887
35h.t (1) 5.9 (3) 2001/1646 149.7, 793, 82, 1646

SL



TABLE I {cont,)

Evergy” Tutensity™P Note Transiti-n® Colncident Gamma Rays in 317e™ Decay
(kev) (from/ to ) or Tdentificationd
357.%  (3) 0.5 (2} (2980/1622)
362.3 (L) 2 (1) Q 1646/1284
36k 48 (2) 1313 [806]
364.98 (10) 31 (%) GG 2011/16k6 149.7, 159, 230, 586, 702, 773, 793, 852,
910, 1059, 1646
315.8  (3) 0.3 (1) 1931/1556 - 182
377.8  (3) 1.0 (7) ¢ (1974/1596) .xr (2001/1622)
3719.3  (3) 0.5 (2) 2176/17a7
383.90 (7) 0.4 (5) T 191", 131qeE
5.2 (3} G 13178 [ 876/492]
' 5.2 (8) MD 1980/ 1596 Thk, 773, 822, 852
L01.5  (5) 0.10 (5) T 131me€ 11500/1098}
0.06 (9) ] 1319¢E [1500/10981
Loz (u) 0.8 (3) i 1005/602
Loh.s  (2) 1317 70.56]
408.2  (3) 1.6 (B) Q 2332/192k

9L



TABLE I {cont.)

Energy® Intensity™ b Note Transition® Coincidert Gamma Rays in 1817¢™ Decay
(kev) (from/ ) or Tdentification’
s (2) 7.2 (5) 127 2063/1646 586, 795, 852, 1646
421.8  (5) 0.2 (1) T 23395 [1407/1005]
0.2 (1) G 2319:8 11427/10051
2.0 (7) 7.1 (7) 1980/1547 €95, 7113, TTh, 852, 1547
452.30 - (L) T (3) T | 1s1gT, 231qeE
1067 {7) G 13178 1602/149]
ko,  {10) M 131"
33 2} MF £02/1k9 149.7, 546, 665, 685, T13, 1333
462.92 (5) 2y (1) 1315/852 149.7, 609, 665, 635, 702, 852
468.16 (9) 8.1 (8) 211L/1646 797, 852, 1646
492.65 (5) 30 (1) 7 1319 2310,8
28 {(3) G 13178 [492/65 ]
2 (%) M 131Tem
0.2 (1) MF 492/ Gs 109
503.0 (1) 1327 {3.58]
506.8 (2) 2.3 (%) Not placed

LL



TABLE I (cont.)

Energy™ Intensity"b Kote Transition® Coincident Gammn Rays in 1917¢™ Decay
(kev) (£rom/ to ) or Identification®
52,8 (1) 3.5 (W) 2170/1646 793
550.7 (1) 2.7 (5) 2176/1646 793
5414 (1) 2.9 (6) 1315/773 665
5.8 (2) 3.0 {7) T 1310e€ [1146/602]
25 (3 [ 131 [ 1106/602]
sk.T  (2)- - 1.0 (2) X- - 1148/602 U52, €02 - o e -
551.1  {4) 0.10 (8) T 1L 147/ 8]
0.11 (10) G 132908 [1u27/R7C]
558.1  (2) 0.6 (2) (2114/1556)
561.2 (3} 0.6 (3) T Al U S TR
0.6 (1) G 2320, & i f37€]
512.7 (@) 1.3 (4) T R
0.2 (2) G 12278 1 yhpy/R5s]
1.1 )6) D 1887/1315
573.8 (3} 2.0 (6) 2176/159C
586,30 (3) 51 (2) 18606/1072 WAty 155, 203, o7, 33N, w L ,

L



Energy™ Iu“.onsi',y'l'b Wt e 1L 1810 T ply
(kev) roliunitliat ol
Z97.0 (2} .3 {5)
tz.m (b} 32 (1) T 17177, 191q.¥
2L (2) G g K rinz/ 6s)
8 (3) " 131p,"
8 (i) MF G2/ Gs 546, 45, 713, 1333
609.4 (1) 3.6 (b) 1924/1315 a7, 462, 713, 1315
(637.3) (2) (z0.8) (8) 153-1 (1697/1059) 1817 r701) B
642.73  (9) Iy 12,181
6sh.2 (1) 1 (2) T 131768 1 1146/492)
) (2} G 13178 [3146/h021
1.2 (2) 0.8 (k) Q Hot laced
#5.05  (3) 112 {2) 1980/1315 149.7, 255, 309, 452, k62, 541, 602, 702,
713, 852, 856, 910, 1059, 1165, 1315
681,95 (30) 0.8 (?) 1284/602
5.9 (1) ko (3) 2001/1315 1o,7, Wcn, k62, 713, 852, 1515

6L



TABLE I (cont.)

Eneray® Intensit.:(“’b Noze Tranziticn® C-incident Gamma Rays in 121Te™ Decny

{kev) (fromf to ) .r Tdentificati.n®

695.62 (B) 1.2 (6) T 121peM 1318

0.9 (2) G 1are.B [1298/602)
10.3 (8) MD 1547/852 351, 432, 852

102.50 {7) 10.1  (5) N 852/ 49,7, 334, 36k, L62, 665, TLL, T3, 1127,
1148

T13.10 (&) 37 (b} 1315/602 9.7, 452, £02, 409, 9€5, €&5

“122.90 (T) S ' o ' s SV

727.0  (2) 3.0 (3)

2.8 (&) G

758.8  (2) i (3) X 1A% /3108

Tub,20 (L) 159 {1) i 159¢ /352 %1, 102, 1%, 1iko.7, 183, 200, 213, 335,
343, rC2, 52

749.0  (8) 0.k (2) g (2053/1315)

T73.61 (3) 1000. (&) T EERE S S S Y

986 (10} DG 773/ 58 Riy i, 102, 134, 0.3, 182, M3, (8

190, 200, 213, 230, oko, 334,
34, 3”3; »52, 771'1 T::r
114, 1125, .80, 2%, !




TABLE I {:ont.)

b

Euergy Intensity™” Note Transition® Coinident Gamme Rays in 1917e™ po-gy
{xev) (from/ . ) or Identification®
1 (1) 14 (2) GG 1547/773 49,3, 351, k32, 773
82,49 (4) 201 (3) 1556/775 81, 10z, 134, 183, 213, zhe, 342, 773
793.75 (3) 358 5) 1646/852 81, 102, 149.7, 151, 159, 188, 189, 190,
230, 253, 278, 334, 364, L17, 468, 52,
530, 702, 852
BoL.6 . (2) 0.5 {2) 1403/602
822,78 (4) 158 (2) 1596/173 © 81, 102, 134, 182, 183, 200, 213, 302, 335,
383, T3
si2.1 (2) 1.3 (k) 131768 {34kh /6021
1.2 (2) G 13278 (1444 /602]
89  (2) L ) 1697/852 283, 8s2
au8.9 {2) 1.0 (3} (2622/173)
852,21 (3) 543 (6} T, N 131" goublet
53; (11) DG, N 852/ 68 81, 102, 134, 151, 188, 190, 200, 207, 213,

253, 278, 283, 296, 334, 351, 354, 364, 383,
u17, W32, k62, 46B, €65, €85, €95, Thk, 793,
844, 1035, 1127, 1148, 1211, 1316

18



TABLE I (cont.)

i:‘:v.lel.'g?l I;ltensityu’b Note Transition” Coincident Gamma Rays in 131" pecuy
(kev) (fr.o/ to ) or Identiﬁcatiund
852.21 (3) 10 (5) GG, X 2001/1148 1%9.7, 999, L1148
B85€.05 (6) 16 (1) T 1310, 1317e¢
©.5 (1) G 181y [1005/1491
16 (1) M 1005/149 o.7, 309, 665, 995
B&5.1 (2) 5 (1) -DE 1924 /1079 DE {1887.70] : 149.7, 189, ¢i0, 1059
812,53 (3) 2.6 (3 o wewefirs 33k
881.6 (3) 0.9 (3} N 1887/1005
898.6 (3) 0.9 {3) T 13198 11500/462]
0.8 (2) G 1319.€ 11500/602)
910.00 (3) 85 (21 1059/ 140 ha,t, 183, 100, 243, i54, 278, 33k,
58¢, o5, K5, 320, o
920.62 {5) 31 {2) 1)80/1659 13,7, 910, 1059
925.%  (2) 3.0 (6) 169 /173 283, (13
930.0 (k) 0.5 (3) ) 1972/1050
93k.5 (1) b9 (b) T 182 i

5.1 (k) 3 29,


http://fr.ni/

TABLE I {cout..

Energy” Intensity™? 0 te Trancit I R
{k=v) frvwf o ) ;
9uL.27 (5) 20.2  {(7) 2001 /1057 Ly, e, e
9uB.57 (5) 13.3  (6) 1A T ooy
3.2 (6) G LEE T T ST TR S
9513 (1) 2.0 (W) WL )
1.9 (%) G 13018 5k fias]
‘979.0 (1) ~ DF ¥ 0000 1
987.8 (1) ko (3} 1761/7735
995.1  (3) 2.3 (&) 2001 /1005 a7, 856, 1005
997.16 (6) 19.5 (9) T 131, 7 134G/ 140]
9.5 (9) G 1aiqet {11/ 1ka]
999.2 (1) kL (5) X, N 11h8/1h0 oy, 738, A
1003.6 (2) 0.7 {%) [ 2063/1059
1005.7 (2) 1.5 (4) N 1005/ Gi 309, 995
1007.7 (1) b9 (4) 13230 1 1500/h00]
5.8 (3) G 13202 | 2500/h92]
102%.6  (2) 1.6 (2) VOIS 81, 1op, 7%

€8



TABLE I (cont,)

Energy” Intensitya’b Note Transition” Coincident Gamma Rays in 3®17e™ pecay
(ke¥) (frem/ to ) or Tdentification®
1027.8 (&) 0.2 (1) Q 1860/852
1055.%  (2) 2.7 (&) N 1887/852 852 o
1059-5 (&) Lo, (1) 1059/ GS 188, 190, 253, 255, 218, 334, 36k, 586,
) ) 665, 865, 920, 9hl
1072.3 (2) 0.6 (1) 1924/852 :
1098.3  (2) 1.1 (2) 7 “1819.8 11098/ @s]
1.1 (2) G 13178 [ 1098/ @s]
108.3 (3) 0.6 (2) 2168/1059 T
ikl (3) 0.3 (1) 1887/773 773
1125.46 (L) 295 (6) 1899/773 8, 773
1127.96 (6) 25 (2) 1980/852 9.7, 188, 190, 702, 852
113k.2  (4) 0.2 (1) Q 1284 /1kg
1146.97 (6) 30, (3) T, -DE DE [2168.54] : 31re® [1146/ gs]
29 (3) G 131768 [1146/ GS]
1148.80 (7) LY (2) T, N 132" goublet
39 (8) b e] 2001/852 lko.7, 169, 702, 852

re



TABIE I (cont.)

Energy® Tntensity™® Nete Traneition’  Coincident Ganma Rays in 1317¢™ Decay
(5ev) (from/ to )  or Identification®

1148.82 (7) 5 (6) c¢G, X, MF 1148/ s 738, 852

1150.90 (9) 17 (2) 1924/773 86, 189, 345, 173

162.7 (2) 0.7 {2) 2168/1005

16.5 (1) 3.6 (3) 1315/149 149.7, 665

1816 (&) 0.3 (2 2241/1059

1206.60 (4) 252 (4) 1980/173 188, 190, 775

1211.0 (2) 1.6 (3) 2065/852 852

1227.8  (5) 0.2 (1) Q@  (2001/773) ov (1376/149)

1237.32  (5) 17.0  (8) 2011/773 159, 230, 773

1248.5  (3) DE {2270.65]

1255,2 (%) 0.7 (1) 1403/149 149.7

217.7 (3 0.8 (2) b 131968 [1427/149]
0.7 (2 G 1231068 [1427/149]

129547 (7) 2.9 (2) T 131968 (1447109}
2.8 (3) G 191066 [ 1444 /149]

58
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TABLE I (cont.)

Energy” Intensity™P YNote Transition® Coincident Gamma Rays in 1®1Te” Decay
(kev) (grom/ to ) or Tdentification®
1315.16 (B) 20 Q) P 15196™ goublet
18 (2) G 1315/ G3 609, 665, 685
1316.2  (2) 2.5 (9) GG 2168/852 852
1318.3  (2) .o (2) 2170/852
1353.8  (3) Lk (2) 1936/602 149.7, 232, k52, 602
1340.6  (2) 2.6 (3) 2114/773 T3 .. -
1350.9 () 0.3 (1) T 131968 [1500/149]
0.5 (2) G 13178 11500/1491
1376.8  (4) 1.1 (2) 1576/ GS
1389.6  (3) 0.k (1) 2241/852
1394.83  (9) 2.8 (2) 2168/773 73
1403.6 (6) 0.3 (2) 1403/ 6S
1426.8  (3) 0.4 (1) 13108 {1427/ Gs]
0.6 (2) ~21pe€ [1027/ G8])
1490.0 (3) SE {2000.94]
1496.5  (4) 1.5 (2) 16h6/119 149.7

98



TABIE I (cont.)

Energy® Intensity™P Note Transition® Coincident Gamma Rays in 1°7=" Decay
(kev) {from/ to ) or Tdentification®
1500.4  (2) 0.8 (2) T 231168 [ 1500/ GS]
0.7 (2) G t21pe8 1500/ GS)
1527.7  (3) o3 (1) T 1218 [1677/149)
0.3 (1) G 13198 11677/149]
547,75 (9) 1.8 (2) N 1547/ Gs 432
1556.2 (5) - ' ' S SUM [773+782) - -
1596.% (5} SUM { T73+822 and 852+T4h]
1646.01  (5) 32 (1) 1646/ ¢S 81, 151, 159, 189, 230, 253, 278, 334,
35h, 364, 41T, 468
1657.5  (5) SE [2168.54)
1696.8  (5) 0.k (1) %7/ Gs 26%
1759.6  (5) SE [2270.65]
1830.6 (k) .2 (1) Q 1980/149
1880.1 (3) 1.6 (2) 1880/ Gs
1887.70 (1) 35 (1) 1887/ 65 189, 281, 353

1899.1  (5) SUM [ 1127+852]

L8



TABLE I (cont.)

Energy” Im:ensi.t.ya’b Note Transitior® Coincident Gamma Rays in 317e™ Decay
{kev) (from/ to ) or Identification?

1924.1  (3) o.ic (5) N 1924/ GS

19%6.15 (9) 1.9 (2) 1936/ GS 232

1960.3  (3) 0.8 (2) 1980/ GS

2000.9% (6) 52 ) 2001/ GS 169

2168.5% (9) 9.0 (5) 2168/ GS

2270.65 (9) s.a (5] - 2210/ 68

2332.75 (40) Vo.o.' (1) 23532/ GS

% Value shown as 16.2 (1) means 16.2 # 0.1 for example. The uncertainties are one standard deviation.

b

The intensity values are relative to a value of 1000 for the combined T73.67 and TT4.l-keV transiticns.
7. convert to absolute intensities (per 1000 decays) multiply the relative intensity value by 0.381;6.
This includes the absolute beta branch direct to ground of 5.2 Z . Since this table consists of peaks
seen under a wide variety of ciwrting conditions, intensity values are given only for transiticns
assigned to 131y, Cecay., Transitions not placed in the decay scheme are thought to ccme from

1217¢™ decay as their intensity values were consistent under all counting conditions and they were not
cbserved in 391Tef gecay,
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TABLE I (cort.)

Transiti.n aicignments are made for 1317¢™ decay. Assignments in parentheses are dotted in the decay
cohens and wers placed n the basis of sums and differences and on being consistent with being monopele
r iip .1 traancivionce Double arsigaments are both shown in the decay scheme, with the sums and

1ifforen2es glving n: preference for the placement.

sotpnrents to othey Te isotope decays are based con variations in relative intensity wvalues with length

lutien oand with time after irradiation. Assignments to :"3’~Te(z decay are based on the preseni

.n the @ rk - f Maciac and Walters (71Mal). Assignments to 1317 decay are based on the work
I Meyer st al. (ThMel) On the intensity scale of this table, the most intense 31T pamma-ray

{566, FkeV) had % relative intensity value ranging from about 100 to about 700 depen&ing on the

wonh . the ¢ unt and the time after chemical separation, For 1211 gamma.rays, the absolute intensity
vulue (per 1000 decays) from the work of Meyer et al. (7hMel) is givend

The .00 1n the vable mean the fullowing @
T « The relative julensity value is that meacured for the total peak.

G - The pelative intensity value is the contribution to the peak from 1%17e® decay. The value
- eqlulated based on the 997.16-keV transition being a pure 1227e® gamma-ray and using

the relative Intensity values for 1217¢8 decay from this work.

¥« The pelative inte

sity value is the result of subtracting the contribution to the peak
£r m 180pF deirny,

d - The - ntributioo bt the intensity from o transition in 18198 decay was negligible.
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TABLE I (cont.)

MF

125w (ete)

Q

IT

131-1

-DE

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

The decay of thic Te isotope may contribute to the intensity of this peak.

The presence >f this transition is in some doubt. Generally this is a week peak with
large uncerteinty and may not have been observed in all of the singles spectra.

This tramsition is possibly a doublet.
Thiz transiticn was chserved solely in gamma~gamms coincidence spectra.

This is the internal transition 131m to 131g. The relative intensity velue is r-alculated

‘from the measured IT branch and the theoretical conversion coefficlents.

The relative intensity value is “he result of subtracting the contribution from 13%pef
decay, however the placement of t ls transition is different from the placement in 12108
decay.

Coincidence information supports the assignment of this transition cither inte or out of
the level at 1148,9 keV.

An 21T pamma_ray of this energy may contribute to the relative intensity.

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

The relative intensity value has been corrvected for the contributicn from = double
escape peak.
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TABLE II

Gumma Rsys Observed in the Decay of 25-min 13178

Energy® Intensltya’hj Note Transitic:
(kev) . (from/ to )
109.450 (k) 0.9 (1) n 602/kg2
141.20 (L) G.h1 (7) 1146/1005
149.716 (5) 1000, (=)' n 9/ 6s
51,1 (1) 2.5  (9) n 1298/1146
22157 (5) 0.48 (7) 1098/876
267.5 (3) 0.06 (5) R semesssmes
274,68 {15) <0.1 876/602
218.17 (2) 1,43 (7) n 1427/1148
280,17 (12) 0.25 (7} 1427/1146
29475 (15) <0.07 1146/852
297.09 (5) 0.2 (T) 4 1445 /1246
299,94  (6) 0.57 (T) 1800/1500
342,945 (4) 10.2 (1) n Lg2/14g
345.6 (1) 0.20 (&) 14b4/1098
35148 (1) 0.34 (6) a 1500/1148
353.58 (9) 0.28 (6) 1500/1146
384,059 (3) 3.0 (1) n 876,492
402,36 (14) o.10 (5) 1500/1098
4033 (-a) 0.10 (5) n 1005/602
b21.32 (7) 0.61 (12) 1427/1005
38,3  (2) 0.10 (5) Wtk/1008
Us2,323 (2) 264,85 (T) n 602/149
69,7 (1) 0.22 (8} 1346/876
kgz,66 (1) 0.2 (3) n 492/ 6s
hobB5  (5) L1 () 1500/1005
ug6.25 (8) 0.5 (1) 1098/60z2
544,88 (1) 6.2 (2a) 1146/602
560.4 (1) 0.k (1) 1427/876
567.33 (4) Lk {9) 14k4 /876

5th.9 (1) 0.45 (1) n 1L27/852



PABLE II (cont,)
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FJl’le:'gy:‘i Tntend ty"’ b N -te Trunsition
{(kev) (rrm/ o)
602,039 (3) €09 (3) a 2/ as
605.55 (2) .7 (1) 1098/h92
654,26 (1) 22,2 (2) 1146/h92
610 (2) 2.6 (a) 1998/602
02,7 (3) 0.11 (8) -1 1800/1098
72700 (2) t8 (1) 876/149
Thhu (3) 0.1l (6) -m 1376/602
RO5.57 (20} 0.0 (5) 12a8/h00
fw.g 2 (1) 1627 /600
Ahian (2) 2 (1) Thivh fei02
g52.01 (&) 0. (1) -t w2, 68
453485 3) L0 (1) L3/
&5¢.08  (3) Led (1) n 100514}
481,15 (1) 0,57 {t) n Vs ¢/Bré
Had.eh (3) a0 (i) 16,00/6.07
IEh,LA3 L) tens {2) woes /e
AShe (I) 2.5 (N) 10/ ha
75139 (?) Yoe (1) stk Sl
ML (L) A () 11 /1
it - L 0. {1} 5" pikns i
LOeTL e {18) 0.2 (1) o 100hf an
1007 (5 Lieie (1) 1500/ 0
{5) G0 (2) e 20h0/ 1005
13) 0. (5 20/2/100%
inf,e5  (2) =5 (1) .0/ Gg
s (i) 0.0 (L] Lwid Gl
itai,5. (L) Lh (1) 1ok L
IS UL K S AP 0.0 {i) [BULYALH
UECLA L (H) 0.0 (3) v fian
Ak (2) D67 (3) W oe
afg () 0.64  (2) 1400/ /605
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TABIE II (cont.)
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Encray™ Intensltyu'b : Note Transition
(kev) ; (from/ to )
1265.2  (2) 0.07 (2) 1757/492
277,44 (1) .71 (T) 1h27/149
120b.34  (2) 7.0 (1) 1444 /149
1297.98  (16) 0.0T (3) . 1298/ 6s
1308.1  (2) 0.10 (1) 1800/492
1350,91 (4} 0.88 (5) 1500/149
wat. 1k (2) 153 (5) | et/ o8
1500.62  (3) 1.67 (5) 1500/ 68
1527.73  (2) 0.85 (u) 1677/149
1548.0  (5) 0.013 (7) -m 2040/492
1509.9%  (9) 0.12 1) 2072/bge
1650.97 (9) 0.18 (1) 1800/1h9
(17¢5.2  (5)) (0.02 (7))  cmcecna-
1600.68  (20) 0.05 (1) 1800/ Gs
atat (3) o.ob (2) 2040/ 149
1256 (2) 0.05 (1) n 2072/149
(1973.1 (%)) (0.03 (1))  eeeeaee-
cehoe (1) 0,10 (1) 2040/ as
62 (3) 0.0 2072/ GS

(2)

%

upecrtyint s s

Trans

paiviply the relat!ve 'ntensity value by O.L\Blh.“'

Thi,

[

bty

A vulue b wo oac 109,50

ne stundupd deviation.

The ‘ntens 'ty valued ape

2oavert

noludes o total

(%) means 109.40 * 0.0k £ r example,

raelutive t

wers noccofficlent

1000 I r the 140,716-keV

257 . p the

k¥ tpane it gud the arsurptin 7 2 £2 churncter for

the T&%akeV tpancltbon (teker from 1270 wp 1297 gatn),

The

«be lute Sntens'tles (per 1000 decays)
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TABLE II (cont,)

Part of the 297-keV transition iz 1148 to 852, I = 0.l ar
calculated from 121" decay and ‘the measured 999-keV intensity

in 1927¢8 gecay.

The 1148.9-keV transitlon intenslty was calculated from known ratios

1in 122q" gecay and the measured 999-keV intensity in 1917 gecay.

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 12lpe™ decay.
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of Meyer, Momyer, and Walters (74Mel) ).

In the case of 131Teg,;the direct y-ray spectrum was
observed, as described aone. with a new sample produceu
every 25 minutes and the 0ld source moved on to the next
detector-pulge~height analyzer system in sequercé. In
this manner nineteen 25 minute counts were summed on each
of the several systems. This metiilod had the advantage of
achieving good counting statistica while maintaining a
relatively constant count irate on each system. In addition,
any contaminating activities could be identified on a
half-1ife basis as each additional system ccunted the
samples approximately one half-life (~25 min) later than
the preceding sayatem.

131pe9 spectra, 80 Y~rays were attributed to

131

In the

7e®, These are tabulated in Table II,
131

the decay of 25-min
and 77 of them are placed in a decay scheme for re9.
In Takle I, ground-ltate‘aecay 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-keV and 774,1l-keV tranaitiona.

131I

By observing the growth and decay of daughter
in an equilibrium 13176™9 gouyrce initially free of 1311
and by employing the intensity and transition aasignment
data in Tables I and II, I determined the direct ground
state g=branch and the 182,2=keV M4 I.T. branch for 3lme™
by an iterative technique. The details of this determina-

tion are presented in Appendix JI. I determined the direct
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ground-state B=branch to be (5.2 t 3,0)% which is in good
agreement with the previous value of 6% (65De). 1 deter~-
mined the 182,2<keV I,T. brancﬁ 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 tc the

n 131

182,2~keV M4 I.T., I e decay, Devare, Tandon, and

Devare (63De) were unable to detect any measureable direct
f-decay to the ground state of11311.
Recently, Fujiwara, Imanishi, and Nishi (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 0,87 * 0.04 y~rays per decay for ‘3lre™ ang 131

Teg,
resprctively. Using my Y-ray data (Table I) and the ground-
state f-branch value of 5.2% for 131Tem, I arrived at a
valua of 0,205 = 0.008 y-rays per decay for the 149.72-keV
transition in the decay of 131Tem which is in good agree-
ment with the recently reported value. For the 13149,
the internal conversion of the 149.72-keV transition must
be included in determining the total decay intensity. The
O and K/L values nave been measured (67B3e2) to be 0,21 *
0.91 and 7.9 + 0.4, respectively, My y-ray data (Table II)
combined with the ey, and a theoretical Oy {68Ha) re-
sulted in a value of 0,68 0,03 Yerays per decay for the

£ 131

149,72-kaV y-ray in the decay o 7eY, fThis 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 trangitions to the I ground state

in l31'1‘eg 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 and 65 cm3

(55 cm s both having a FWHM energy resolution
of 2.1 keV at 1332 keV) in conjunction with a multipara-
meter pulse-height analyzer ;nd 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 ratioc of ~27 to
one. The coincidence eventa:were recorded on magnetic
tape in an 8192 by 8192 channel format for later analysis
using the UM UNIVAC 1108 computer along with computer
codes already deacribed (Section II and Appendix I).
Appreximately 3 million coincidence events recorded on
magnetic tape were scanned,‘and coincidence spectra were
aextracted for 60 peak regions as well as for neighboring
regions to account for Compton backgrouns, The Compton-
gate spectra wera subtracted from the photopeak=-gate
spectra to obtain net coincidence spectra. Energy gates
were set on the spectrum obﬁained with the 65 cm3 detector,

and tha spectrum in coincidence 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 and all v-rays which were obsexrved in true
coincidence in the gates. Random coincidences, as deter-
mined by lr ‘ing for peaks from intense reon-coincident
Y-rays, were essentially negligible (e.g., see Figure 2f),
All coincidences observed are also listed in Table I,
although the coincidence information obtained on 131Teg
decay 1s not shown there as it was less complete and in
agreement with tne 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 cornsisted of one tran-
121, m

sition which could be assigned to "~ " Te B-decay on the

basis of coincidences and another which could be assigned

elsewhere, such as to 1311 or 131Teg decay. PFor example,

Table III indicates that a gate on the 362-367 keV region

resulted in the observation of numerous l31Tem decay Y-rays.

In singles a3pectra, 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
singles spectra to have merely been random coincidences,
Thus, the 564.48-kev peak must have included an unresolved
component arising from 131Tem 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-Gumns, Coincidences in :327¢™% pecay

Ge(Li) Gate

Gated Photopeak®

Coincident Gamma Rays Obcerved

(xev) (kev) (kev)
78.0 - 82.8 78.57 102, 134, 1kg9-151, 188.189-190, 200,
79.19 - ko, 253, 28k (X), 335, 3b2, T4k,
80.18 (X} . 7713, 782, 793, 822, 852, 1023, 1125,
8L.1h i 16k€
99.4 - 103.8 100.0 : 81, 101-102, 111, 149, 151, 200, 20,
101.6 Thh, 173, 782, 793, 822, 852, 1023
102.06
103.3
132.2 - 136.3 132.2 .79, 182, 200, 2ko, Tk, TT3, 782, 822,
134.86 852
146.6 - 154,2 149.3 81, 86, 102, 151, 183, 189, 200, 253,
i9.71 (+) 255, 2718, 283, 309, 334, 342(*), 351,
151.1 (*) . 35k, 364, 452, 462, 586, 602, &54(*),
151.2 665, 683, 695(*), 708, T13, T2T(*),
T4k, TT3-77h, 793, Bha(x), 852, 856,
865, 898(*), 910, 920, 941, 9u8(*),
995, 997(*), 999, 1007(*), 1127, 1148,
1165, 1254, 1agh(*), 1338, 1496, 1645
157.9 - 162.7 159.66 213, 36k, T93, 1237, 1646
180.1 - 1844 182.25 (IT) 134, 151, 200, 240, 337, 375, T4,
182.25 773, 782, 822, 852
183.11
186.2 - 192.0 188,13 81, k9, 278, 283, 334, T4k, TT3, 793,
189,76 852, 865, 910, 1059, 1127, 1150, 1206,

190,52

1646


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

Ge(LL) Gate

Gated Photopeak™

Coincident Gamma Rays Observed

(keV) (kev) (kev)
198.1 - 202.2 200.63 81, 102, 13k, 149, 182-183, 213, Thi,
773, 822, 852
211,7 - 215.5 211.9 159, 200, 230, 240, Th4, 773, 782,
213.98 822, 852
227.8 - 234.0 227.7 36k, TT3, 793, 1237, 15333, 1646, 1936
230,65
232.3
238.6 - 242.8 240,93 81, 102, 134, 182-183, 213, 7173, 782
250.8 - 257.6 253.17 81, 149, 586, 665, 193, 852, 910, 1059,
255.44 1645
276.7 - °80.2 278.17 (*) B6, 1lh9, 1By, 345, 586, 793, 852, 9L0,
273.56 1059, 1146-1148(*), 1646
280.2 (%)
281,2 - 285.4 281.4 80.18(X), 149, 188-150, 8k, 852, 925
283.2
284,30 (%)
307.4 - 311.6 309.47 149, 665, 856, 1005
332,3 « 33T.3 334,27 79, 149, 182, 188-190, 586, 102, Thh,
335,44 73, 793, 822, 852, 872, 910, 1059,
1646
34,4 - 345.0 3h2.92 (+) 8L, 111, 19, 3Bh(x), 654(x), 773,
792, 934 (*)
348,5 - 353,2 351, 1h9, 695, TT3-TTh, 852, 1887

351,48 (%)
353.5
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TABLE IIT (cont.)

Ge(Li) Gute Gated Photopeak® Coincident Gamma Rays Observed

(kev) (kev) (kev)
353.0 - 356.7 353.5 149, 793, 852, 1646, 1867
355.5 (*)
354.7
362.1 - 366.8 362.3 149, 159, 230, 586, TO2, 773, 793,
364,48 (X) 852, 910, 1059, 1646
364.98 .
381.8 - 386.1 383.90 149 (*), 3h2(*), ko2(*}, Thk, 773,
384.059 (*) 822, 852
bib b - 419,k L17.4 586, 793, 352, 1646
430.1 - 4345 432,40 695, TT3-7T4s 852, 1547
450.1 - bsk.5 452,30 (+) 169, SWb(*), 56, €5u(*), €65, €85,
696(*), T13, BuL(*), 898(*), 1333
h60,5 - Lélh,9 462,92 609, 665, 685, 702, 852
L6T.4 « k70,1 LGB.16 793, 852, 164G
k6g.23 ()
590,77 « Lgh.5 492,65 (+) 109, 384(x), 654(*), B53(*), 93u(*),
951(*), 1007 (*), 1294 (%)
584.,0 - 588.5 586,30 149, 151, 253, 278, 33k, 364, 910,
1059
599.7 = 6041 602,05 (+) Sul(*), s5k6, 665, 713
662.7 - 667.2 665.05 kg, 255, 309, 452, 462, 5h1, A0,

T02, 713, 852, 856, 910, 1059, 1165,
1315
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TABLE IIL {eent. )

Gue(ni) Gate Gated Pho¢ )'v'\l’.' C n [
{kev) {reV)
o83.5 o LRYLG [ by ey e ' .
93,1 « (37,0 ¥ Y iy M0y we TeY,
Ly ()
TO0. i o TOMLS O G Bady A%h, Al ety edn i
e (), Lk

710.5 - 715.5

Thl,® o TLE.S

T15.10

Tht20

W, BED, amp, 00T, e, e

ar oo
ar, 02, i3k,

383, oo, IR0

A1, BG, loZ, 194, 14

LT 200, 213, 250, ko,
3¢k, 383, L33, T SR, BT Tiia,
1125, 1150, 1204, 1257, i%.0, 15w
T19.9 - 785.1 782,49 81, 102, 134, 1A%, 215, 2Lo, 342, 773
190.8 - T9G.4 T95.75 Bl, 102, lh9a151, 159, 1BB.1A.19C,
230, 253, 278, 334, 364%, W17, b8,
52k, 530, 702, H52
819.9 - 825.4 822.78 81, 102, 1%k, 182.183, 200, 213, 202,
825.0 335, 383, 73
849,6 - Bsh.2 852.21 (+) 81, 102, 134, 151, 188, 190, 200, 207,
852.21 213, 253, 218, 283, 206, 334, 351,

35k, 364, 383, 41T, 432, 462, 468,

665! 685) 695: Tkk, 7931 81“‘- 999,

1035, 1127, 1148, 1211, 1316
856,05 (+)

8547 - B5T.9 149, 309, 665, 995
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L
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TABLE IIT (cont.)

~u(L!) Gt uated Photopeuk™ 1 Colncident Gamma Rays Observed
(k) (kev) ? (kev)
1038,2 « 120047 1237.52 159, 230, 175
1400, - 1518,5 1516,16 609, 665, 685, 852
1316.2
1318.3
153100« 133705 1333,.8 kg, 232, 452, 602
1A3E, L - 13hk,2 1340.6 T3
1ei3, 7 - k3,3 1646.01 151, 159, 189, 230, 253, 278, 33k,

35k, 36h, LG8

1B65,& - 1890.0 1887.70 189, 281, 353
1933.5 - 1940.8 1936.15 232

1997.0 - 2003.3 2000.94 169

a

When more than one photopemk appears in a gate, the principal ¥3re
decay pesk i3 underlined.

{X) - This i{s & transition assigned to 2321 decay.
(#) - This is a transition assigned to 23 7e® gecay.

(¢} - Thia transition is assigned to both 3937e™ and ¥¥1red gecay.
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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, assaming that

13

there are no other transitions to the I grousid state

in 131T09 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
(55 cm® and 65 cm3, both having a FWHM 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 colncidence events were recorded on magnetic
tape in an 8192 by 8192 chsnnel format for late:r analysis
using the UM UNIVAC 1108 computer along with computer
codes alresady described (Section II and Appendix I).
Approximately 3 million coincidence events recorded on
magnetic tape were scanned, and coincidence spactra were
sxtracted for 60 psak regions as well as for neighboring
regions to account for Compton backgrouns., The Compton~
gate spsctra were subtracted from the photopeak-gate
spoatra to obtain net coincidence spectra. Energy gates
ware set on the spectrum obtained with the 65 om? detector,
and the spactrum in coincidence with the gated region was



3 detector. The results obtained

ratrieved for tho 55 cm
are tabulated in Table III whicﬁ lists all photopeak gates
which were set and all verays which were observed in truc
coincidence in the gates. Random coincidences, as deter-
mined by locoking for peaks from intense non-coincident
y-rays, were essentially neg]iglblc (e.q., see Figura 26).
All coincidences obgerved are also listed in Table I,

lllTeq

although the coincidence information obtained on
decay is not shown there as it was less complete aad in
agreement with the work of Macias and Walters (71Mal).,

Due to the unique nature of coincidence relationsiips,
the v=-y coincidence data revealed the presence of 15 peak
doublets which had bcan unrelolyed it singles spectra.

In ten of these cases the doublets consisted of one tran-

131Tem

sition which could be assigned éo 8-decay on the

basis of coincidences and another which could be assigned

131

slsewhere, such as to 131! or Te? decay. For e«ample,

Table III indicates that a gate on the 362~-167 keV region

13

resulted in the obaervation of numerous Te™ decay Y=rays.

In singles spectra, the only major transition observed in

1311 decay,

this gated region was the 364.4B-keV y=ray in
yet many of the coincident y=rays were much too weak in
singles spectra to have merely heen random coincidences.
Thus, the 364,4B-keV peak must have included an unresolved
component arising from }3lme™ s-decay. In the other five
casos, the coincidence data required that the one peak

observed in singlos spectra consist of two components,
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LABLE Il

D otnr e i ""1’;‘:,"'*": Dy

i
B Lo Pate b g i C “unideny Gumma Rays Oboepysd
ey 'S (V)
o . e MFy they e, 1HRLE22130, 200,

T Taily U8y TRl (W), 85, 3Lz, Tub,
STeir (X)) 0UI, Uwn, THR, REE, REI, (02%, 1105,
e s et

Ve - ¥, 10,0 "y L01-103, ll., 4%, 15i, 100, 20,
A Tiagy T3, TeD, A%, hpp, 852, 023
LG
e G
13,2

AL e LR, 13,2 Ty 182, 200, 2k0, kL, 773, 732, A2z,
R B B4

Jid,6 - 184,02 11,3 o1, 8¢, 102, 15%, 183, 189, 200, 253,

1579 - 161.7

180,1 = 18k.4

186,2 - 192,60

140,71 (+) 255, 278, 283, 309, 334, 34a(+), 351,

15:.1 (#) 35k, 36L, 452, 462, 586, 609, 65L (%),

15l.2 665, €85, 695(*), 702, T13, T2T(*),
Thb, T73-77h, T93, 842(*), 852, 856,
865, 898(»), 910, 920, 9k1, 9LB(*),
995, 997(*), 999, 100T(*), 1127, 1148,
1165, 1254, 120uL(»), 1338, 1496, l6hé

159.66 a13, 364, 193, 1237, 1646

182.25 (1T} 134, 151, 200, 240, 337, 375, Thb,
182.25 773, 782, 822, 852

183,11

188,13 81, 19, 278, 283, 334, T4, TT3, T93,
182,76 852, 865, 910, 1059, 1.2T, 1150, 1206,

190,52 1646



“Anr g
s

I11 (dent,)

3lntY gate

ated Fhot p--u'r."'

C fncldent Gammy Raye Obsepved

(i V) (rev) (v )
198, . 200, 20043 Ml, 102, s, 180, 1IDLRE, 514, Lk,
Pk, ADE, BED
21107 - MR 3110 183, 000, 230, vhO, Til, ‘14, 2,
1 422, 462
22707 - 2%kt R Biny 05, B, 1S, 19S5, dcht, 13
230,05
%243
2380 - 2427 AV Bl 107, L3k, 1W0eing, 24, 0, e
G . 25 81, k3, _‘;HL, why TI5, BT, 908, 10
R
276 T - 20,2 Ry 149, 189, 3i5, 5AC, a3, W92, 910,
1059, Llhu-11ba{*}, 4o
281,2 - 285.4 281.4 304 13(X), 149, 1AR-1NQ, Hiu, 950, 103
283.2
28L.30 (X)
3074 - 310,06 30947 W, 468, #i59, 1005
3325 = 337.2 334,27 M, 149, 1Rz, 1852190, 5d¢, 702, (h4,
535 bis 113, 193, 822, 852, 317, 910, 105),
1646
3L0,4 » 345.0 2,92 (+) 81, 111, 1ka, 384(%), (Sh(+), 773,

348,5 - 353,24

351,3
35048 (%)

2535

192, 934 (%)

149, 695, T73-TTh, 850, 1887


http://285.lt
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fABLE 111 (cont,)

PLY) Gun Guted Fhot peuk" €C.lneldent Gamrn Ray: Observed
(i V) (ney) ‘ (kev)
B 50 = 5907 5355 149, 193, 852, 16h€, 1887
3535 (#)
aoh, i
St = Bl 303 1k9, 159, 230, S86, TO2, TT3, 793,
3G U8 (X)) H52, 910, 1059, LGh6
56,0k
Srrek e 5B 333.90 149(*), 342(*), Lo2a(*), Thk, TT5,
38h,059 (*) 822, 82
Ll = b19.4 517.4 586, 793, 852, 1646
L3041 - 43L,5 432,40 695, 773-TTh, 852, 1547
50,1 ~ b5k,5 k52,30 (+)  1kg, Shi(*), 5h6, 6€54(*), 665, 685,
€96(*), T13, BLL(¥), 898(%), 1333
460.5 = Lob.Q h62,92 509, 665, 685, 702, 852
boTeh « h70,1 468,16 793, 852, 1646
469,23 (%)
k90,7 = h9h,5 k92,65 (+) 109, 3Bu(*), 654(%), 853(%}, o3h(*),
951(*), 1007(*), 1294(%)
584,0 - 588.5 586,30 b9, 151, 25%, 278, 334, 364, 910,
1059
599.7 = 6041 602.05 (+} 5Shh(*), 546, 665, T13
662,7 - 667.2 665,05 9, 255, 309, k52, Lé2, Sk1, 602,

702, 713, 852, 856, 910, 1059, 1165,
1315



TABLE TII (cont,)

Ge(Li) Gate
(keV)

Gated li’l'mtc\'pealka
(kev)

Goineldent Gamma Ruys Obswrved
(kev)

683.5 - 687.6

3.1 « 697.5

700.4 - T04.8

T10.5 - 71155

T41.8 - Thé6.5

770.6 - 776.2

779.9 - 785.1

790.8 =~ T96.4

819,9 » 825.4

849,6 - Bsh.2

854.7 - 85T.9

685.9

695.62
696,19 (*)

702,50
702.7 (%)

713.10
Thk 20

773.67
T7ha1

782,49

~33.75

822.78
825.

852,21 (+)
8s2.21

856,05 (+}

kg, b52, 462, T13, 857, 1315

351, 432, 452(*), 852

149, 33k, 36k, k62, GG5, Tk, 793,
1127, 1148

149, 452, 602, 609, 665, 685

81, 102, 134, 149, 183, 206, 213, 335,
383, 702, ¥52

81, 86, 102, 134, 1ky, 182-183, 188-190,
200, 213, 230, 240, 334, 335, 34z, 351,

364, 383, 432, T73-T7h, 782, 822, 1114,

1125, 1150, 1206, 1237, 1340, 1394

81,‘102, 134, 18%, 213, 240, 342, 773

81, 102, 1k9-151, 159, 188-189-190,
230 - 253, 278, 33k, 364, LiT, LEB,
524, 530, 702, 852

81, 102, 134, 182-183, 2c., 213, 302,
335, 383, TT3

81, ‘102. 134, 151, 188, 190, 270, 20T,
213, 253, 218, 283, 296, 334, 351,
354, %64, 383, 41T, 432, 462, 468,
665, 683, €95, Thh, 793, Bik, 999,
1035, 1127, 1148, 1211, 1316

19, 309, 665, 995


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

Ge(Ll) Gute Gated Photupeaka Cclncident Gamma Ruys Observed
(kev) (kev) (keV)
967.6 - 912.6 910.00 149, 188, 190, 253, 255, 278, 334,
364, 586, 665, 865, 920, 9Ll
918.4 - 926.3 920.62 o, 283, 7713, 910, 1059
925.4 :
939.0 - 9hl.3 9k1,27 149, 910, 1059
946.3 - 951.2 948.57 (%)  1ho(#), Loz(*)
951.3 (¥}
994%.7 - 1001.0 995.1 1kg, 738, 852, 856, 1005
997,15 (¥}
999.2
10284 - 20264 1023.6 31, 102, 7713
1055.6 ~ 10377 1035.4 852
1035.5 (¥)
1057.6 ~ 1062.6 1059.60 188, 190, 253-255, 278, 334, 364, 586,
665, 865, 920, 941
1122,9 « 1129.6 1125,46 81, k9, T02, TT3, 852
127,96
L146.5 « 1153.8 1146.97 (#) '86, 149~151, 169, 189, 345, 353(*),
11h8.51 (*} 702, 738, 773, 832
1148.89
1148.8
1204,1 - 1209,b 1206.60 188, 190, 773


http://9l8.it

TABLE III (cont.)

Ge(Ll) Gate

Gated Photopeaka

Coincident Gemma Rays Observed

(keV) (kev) {keV)

1235.2 - 12k0.7 1237.32 159, 230, 773

13i2.6 - 1318.5 1315.16 609, 665, 685, 852
1316.2
1318.3

13314 - 1337.5 1y33.8 ikg, 232, 452, 602

1338.1 - 1344,2 1340.6 773

1643.7 - 1649.3 1646.01 151, 159, 189, 230, 253, 278, 334,

354, 364, LGB

1885.6 - 1890.0 1887.70 189, 281, 353

1933.5 « 1940.8 1936.15 232

1997,0 ~ 2003.3 2000.94% 169

a

decay peak is underlined,

{X) - This is & transition assigned to 13!T decay.

(*) . This is a transitien assigned to *92Tef gecay.

(+) - This transition is assigned to both 333qe™ and 1%i0ef gecay.

When more than one photopeak appears in a gate, the principal 3Te
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each having a separate placement in the 131Tem 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 ghe 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
yY=ray transition intensities of the 131Tem B-decay compon=
ents of the doublets were determined from the coincidence
spectra. In the six cases where the doublet involved a
13109 yoray (:78,56-, 342.92-, 353.5-, 383.92-, 695.62-,
and 856,05-keV), however, more precise intensity values

131

were obtained !l.; subtracting the 7e? decay contribution

131Teg decay transition and the

based on the 997.16~keV
data in Table II.
Before discuasing 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 dependent on the

proposed level scheme. This is illustrated in Figuve 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 gatejwaa set on the Y-ray labeled
"G" and that the doublet y-ray was ol erved in the resultant
coincidence spectrum along with the yY~rays labeled "A"

and "B", “G" has been placed between the levels, 'Eu' and
Before a re~

*"E. ", and the doublet y-ray has energy, E

L Y*
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,q., the y-rays

*A*" and "B"™ are in indirect coincidence), there are still

two possible placements involving possible levels at "EY'

or ”Ex'. The following factors migkt lead to the upper
placement from “EY‘ to 'Eu'a (1,) 'EL“ is the ground state

or within E, 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, "EY', but

not a level, 'Ex”: or (5.) the intensity balances for the
levels, 'EU" and "EL', require;the upper placement, Similar
factors might lead to the lower placement, although the first
energy argument would involve the Qg value and the energy

of 'Eu' rather thuan the energy‘of “EL“. The placement

of the doublet v=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

spactrum, correcting for the detactor efficiency as a



function of Y-ray encrgy. The uppes placement requires
comparison with "B", and the lower placement requireas
comparison with "A", It uhoﬁld be notaed, also, that the
chosen placement is requiredlto be consiatent 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-keV
M4 I,T. transition of 131Tem'was found to be a doublet

13;1 levels. This doublet greatly

with a transition between
complicated the determination of the I.T. branch (see
Appondix 1I). A gate on the 180-184 keV region resulted

in observed coincidences which required two placements in

the 1311 1eve1 scheme, one fcr a 182,25-keV tranaition

{2114 to 1931 keV) and the other for the 183.1l-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 y~ray,

placed 1931 to 1797 keV), a portion of which is shown in
Figure 24, The 182.25-keV poak was compared to the 79.139-keV
peak (2011 to 1931 keV), and a relative intensity of 19 2

5 was deduced. The total singles intonsity was 41 % 4
reasulting 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 1B82.25-keV M4 tranaition.
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ad.

Figures

A portion of the 131 N 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 111e™ y-ray spectrum coin-
cident with the 1643-1650 keV and 791-796
keV gates. The 791-796 keV gate, having
mich better statistics, was used to deter-
mine the 364~keV y-ray relative intensity.

A portion of the }3lre® y-ray spectrum coin-
cidant with the 770-776 keV gate. The 773~
by 774-keV, 773- by 782-keV, and 773- by
$22-keV coincidences are shown as well as
the 773~ by 8$52-keV random coincidence.
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Coincidence spactra revealed the presence of a 364,98~

keV transition in 13,

Te™ decay which was not resolved from
the principal 131: decay y-ray (364.48-keV) in singles
spectra. Coincidernce relationlhipu 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 yY=-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
intonsity of 31 * 4 was deduced.: When determining the
ground state f-branch of 131Tem by observing growth and
decay cf 1311 in a 131Tem sample, it was necessary to
correct the 364~keV peak area for contribution from this
131Tem decay transition {(see Appendix II).

The third doublet of special interest is the 773.67-
774.1 keV doublet, Fiqure 26 shows that a peak at 773.9-
keV was cbserved 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 yY-ray cascade, the peak consisted of
ogual parts from both y=rays. The measured energy of 773.9~
keV along with the singles energy of 773,67-keV resulted
in an snergy for the other membar of the doublet ¢of 774.l-keV.
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The relative intensity of the 774,l1-keV Y-ray was deter-
mined by correcting the peak for random coincidence contri-
butiona (on the basis 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 keV) peaks, cor-
recting for detector relative efficiency differences. The
value thua determined was 14 * 2 which, when subtracted
from the singles value of 1000 ¢ 8, resulted in a relative
intensity of 386 + 10 for the 773.67-kev transition (733
keV to ground).

The remaining doublets were split in a manner similar
to the threa cases just described. A y-ray of 149.3-keVv
was observed in the 281-285 keV coincidence gats (283,2-keV
y=-ray, placed 1980 to 1697 keV) and placed from 1697 to
1547 keV. Comparison with tﬁl 844.%-keV (1637 to 852 keV)
and 923.4~keV (1697 to 773 kgV) peaks yielded a relative
intensity value of 2.0 0.5, A 302.7~keV yY-ray was observed
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 1311 (74Mel). The 302,7-keV transition
was placed from 1899 to 1596 keV, and ita relative intensity
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
singles spsctra consisted of components from a double
escape peak and from an 865.l1~keV transition which coinci-
dence relationships placed from 1924 to 1059 keV, The
907-912 keV gate (910,00-keV y=ray, placed 1059 to 149 kev)



resulted in the observation of a$ 865.1~kaV transition

with relative intensity of 5 *1 determined by comparison

to the 920.62-keV peak (1980 to 1059 keV). The 1316.2-kev
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 852,2l1-keV and 1148.89-kev doublets was accomplished
together. Coincidence spectra established a definite 1148~
B52 keV cascade de-exciting a level at 2001 keV. Add.uvional
coincidence relationships along ﬁith data from 131Teg
decay established levels at both 852.21 and 1148.8J keV.
(Ses Sectiun III.C for details of the evidence for tnese
level placements.) The 995-1001 keVv gate (999.2-keV y-ray,
placed 1148 to 149 keV) determined the 852.21-keV y-ray
(2001 to 1148 keV) relative effiqiency as 10 & 5 by com=
parison to the 738.B-keV peak (1887 to 1148 keV). The
ralative intensity of the 1143.89=keV y-ray (1148 keV to
ground) was calculated to be 5 * 6 by performing an in-

tensity balance on the 1148 keV level assuming no direct
f=feeding to the level.
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C. Construction of Level Schenes.
131

131Tem g

1. Levels of 1 Populated in =Decay.

In Figures 27, 28, 29, and‘ao, I present the level

l‘311 as determined in this investigation of the

scheme of
decay of 30~hr 112" 131peM, ihe levels along with their
properties are tabulated in Table 1V, The notation on
Figures 27-30 is the same as 16 Table IV. Energies and
relative intensities of the y~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
ara indicated by a dot at their lower end. Dashed tran=
gitions 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 balancesz to deter-
mine direct f=decay feeding to the levels, I assumed that
there was no direct B-decay from the isomer to the levels
13lTem i

at 149, 492, 602, and 114U Kev, The QB for g

2424 113 kev, calculated basead on the masses of 13°Te

130

and 131Xe {71lwa), the Q=value for the Te (d.p) reaction

(576rl), the measured Qg of 131y (s1ve, 52Ro}, and the
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27,

28,

29,

Figures

The partial decay scheme of 30-~hr 131Tem

including 8 feedings to the levels between
ground and 1404 keV.

The partial decay scheme of 30-hr 131Tem

including 8 feedings to the levels from
1547 to 1899 keV.

The partial decay scheme of 30-hr 131Tem
including 8 feedings to the levels from
1924 to 2001 keV.

The partial decay scheme of 30-hr 131Tem
including 8 feedings to the levels from
2010 to 2333 keV.
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TABLE IV

1317 Levels Observed in the Beta Decay of 30-hr 13%re™.

Energy r* Absolute .: log ft Note Jw
{kev) {keV) Beta™" Assigarent
0 - 5.2 3.0 10.5 £ 1/2*

W9.71 0.0 0 - - a 5/2°
492,65  0.05 o - - a 3/2"
602.05  D.06 o - - a 5/2%
173.67  0.0% 0.3 1.3 (9.9) b 11/2"
852,21  0.03 Ol L3 (9.7) b 9/2*
1005.76  0.07 0.2 0.2 (9.9) b 7f2*
1059.68 0.0k 0.3 0.4 {3.5) b 9/2*
1148.9 0.1 0 - - a /2t
1285,0 0.k 0.0 0.05 (>10.7) c (o/2%)
1315.16  0.08 0.2 0.k (9.5) b 9/
1376.8 0.4 -0.06  0.0% (>12.0) a (o/2", 1/2%)
1403.7 0.3 0.003  0.04 (10.7) ® /2t
1547.75  0.10 0.004 0.2 (10.8) b /et
1556.16  0.07 -0.3 0.2 (>10.8) 4 15/2*
1596.43  0.07 -0.5 0.3 10.7) a 13/2%
1622.6 0.2 -0.02  0.05 (>9.8) c /2%, 13/2%, of2")
1646.01  0.08 2.6 0.9 7.7 11/27
1697.1 0.2 0.0l 0.2 (>8.8) c /2%, 1/2"

€21



TABLE IV (cont.)

Enerpy ”r Absclute c‘: Lyt it Jw
(kev) (kev) Bet; " szignment
1761.6 0.2 0.0k 0.06 (9.3) b (1/2*, 13/2")
1797.07  0.08 0.3 a.7 {8.3) 15/2°
1880.1 0.3 -0.02  0.02 (210.0) ¢ (o/2*, 1/2h)
1887.70  0.07 L3 0.2 7.5 o/ (+), 11/2"
1899.13 0.07 16.1 0.2 Ouh 13/2°
924,57  0.11 2.1 0.5 T.2 11/27, 9/2”
1931,53 0.10 -0.05 Q.5 (38.1) 15/2°
1936.15  0.09 0.0L  0.05 (9.4) b of2*, 112"
197%.25  0.20 0.09 0.05 8.4 11/2°, 13/2°
1980. 25 0.10 37.1 1.0 5.8 11/2°
2000.94 0.06 5.4 0.6 6.5 9/2”
2010.99 0.08 2.6 0.3 6.8 13/27
2063.3 0.2 0.5 0.08 7.k (11/27, 9/27)
2114, 17 0.14 2.0 0.4 6.5 (13/27)
2168.5%  0.09 1.1 0.2 6.5 af2”
2170.65 0.12 0.5 0.1 6.8 (11/27)
2176.4 0.2 0.2 0.0k 7.2 11/27, 13/27)
2241.64  0.13 0.4 0.1 6.5 {(11/27)
2270. 65 0.09 0.5 0.1 €.1 Y
2332.75 0.40 6,07 0,04 €.k (9/2")

PeT
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isomer being at 182 keV. The Q% value for 131Tem of 2434

+ 6 of Wapstra and Gove (71Wa) and the log£; tables of
Gove and Martin (71Go) were used to calculate logft values.
The positions of the first three excited states have

131,49 gecay scheme studies (71Mal,

been firmly established by
65Wa) and by 130!. (3Ho.d) 1311 reaction studies (68Aun).
The two states at 773.67 and 852.21 keV are sstablished
by the strong intensities of the two y-rays of these ener-
gies, the absence of any coincidence between them, as well
as a 149,71~ by 702.50-keV 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 addition, these transitions are observed in
131,09 decay, and several weak T+IIYI observed in l3lmed
decay fit bstwesn established low-spin 1311 levels and a
level at 1003.76 keV. The level at 1059,.69% keV ia placed
on the basis of a y-ray of this energy as well as 149.71-
by 910,00= and §32,21= by 207.5-keV coincidences.

The leval at 1315.16 keV is established on the basis of

a y=ray of this energy as well as numarocus coincidences
including 1059.69- by 295,44~ , 1005.7~ by 309.45~ ,
952,21= by 462.92- , and €02,05= by 713.10-keV. The
level at 1403.7 keV is established on the basis of a Y-ray
of this snergy and a 14%9.71= by 1254.2-keV coincidence,
The level at 1547.75 keV is established by a y-ray of

this snergy as well as 773.67- by 774.1- and 852.21- Dby
695,62-keV ooincidences. Por 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 1556.43 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-kcV
coincidence. The lavel at 1646.01 kev is placed by a
strong yY-ray of this energy as well as 852.21- by 752.75~
1059.69= by 586.30~ , and 149,71~ by 1496.5-keVv coin-
cidences. In addition, a high-spin level at 1638 % 10 keVv
was observed in the (3He,d) reaction work (68Au). The
level at 1697.1 keV is astablished on the basis of a Y~ray
of this energy as well as coincidences indicating feeding
to the levels at 773.67 and 852,21 keV. The level at
1797.07 keV is placed on the basis of coincidences between
the 200,63~-keV v-ray and the 822-773 keV cascade as well
as coincidonces betwsen the 240.93-keV Y-ray and the 782-
773 keV cascade. This level has hean observed to have a
half=-1ife of 6 nsec (70Ap2).

The 1887.70, 1924.57, 1980.25, and 2168.54 keV levels
are all placed on the basis of y-rays of these values,
coincidences indicating feeding to the level at 773.67 keV,
as well as numerous othar ceincidences indicating feeding
to other established levels. The leva) at 1899.13 keV is
eatablished on the basis of numarous 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-



cidances, 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 &t 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
lavels ac 201.0.99, 2063.3, and 2170.65 keV are all estab-
lished on the basis of coincidencas indicating feeding to
the 1646.01 keV level as well as to numerous other pre-
viously established levels. The leval at 2241.64 keV is
placed on the basias 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=
ost transitions out of the level at 1924,57 keV,

Tha coincidence spectra indicate a strong 1148.89= by
852,21~keV coincidence, and this cascade is a major mode
of desxcitation of the level at 2600.9( keV. I have,
hovever, placed levels at both 852.21 and 1148.9 kev, A
level ut 8352.21 keV is established by numerous coincidencea
between the 852.21~keV y=ray and other Y-rays (such as;
1127,96= , 1035.4= , 844.9~ , and 792.75-keV) which
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wiren added to 2000.94~kav relult‘in a value greater than

o, and which cannot deexcite a l;vcl at 1148.9 keV, The
level at 1148.9 keV is established on the basis of the
followiny coincidenc.uss 1) 149.71=- by 999.2-keV (= 1148.91
keV); 2) 1148.89- by 738.8~keV (= 1B87.69 keV); 3) 599,22~
by 852.21-keV (deexciting 2000.94 keV level): 4) 602.05~

by 546.7-keV (= 1148,75 keV); and, 5) 999.2~ by 738.8-keV.

131T'q decay data indicates the presence

In addition, the
of the 999,2-keV transition aa well as two doubleta (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 doublete in }3lre™ decay given in Table I is
based on relative intensities from coincidence spectra and
on calculating an intenaity balance assuming no direct
g~decay from the isomer to the 1148.9 kaVv 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=rays of these energies
which were not cbserved in nnyfcoinuidonce spectra. In
addition, esch level is the result of one or more sums
involving y=rays not assigned to previcusly established
lavels. The remaining five levels, 1284.0, 1622,6, 1761.6,
1974.25, and 1176.4 keV, are placed solely on the basis of
a number of sums and differences involving y~rays not
assigned to previously established levels.



130

131 131

2. Levels of I Populated in 7e¥ f=Decay.

In Figures 3j) and 32, I present the level scheme of

13 + 13159

lI as observed in the f-=tecay of 25-min 3/2
The levels along with their properties are tabulated in
Table V. The notation is the same as that used in Fiqures
27=-30 and in Table 1IV. The energies and intensities of the
y-rays are tabulated in Table II and presented on Figures 31
and 32 as on Yigures 27-30, Tie QB for 131Teg ig 2242 * 13
keV, calculated as described in the preceding section.

{The value of 2252 * 6 keV of Wapstra and Gove (71Wa) was
uned in iogft calculations.) The f-branch values are based

131Teg to the 13

on a zero direct B-feeding from I ground
state (63De), and the logft values were calculated using
the 1oqf; tables of Gove and Martin (71Go).

For-:he ground state decay of 131Te, most of the levels
were established by the decay scheme work of Macias and
wWalters (71Mal) and the (3He,d) reaction work of Auble
et _al. (68BAu). I have observed a number of previcusly
unohserved weak y-transitions and have placed six new
levels. Three of these, 852.2]1, 1005.76, and 1148.9 kevV,
were also phserved in 131Tem 8-dacay. The level at 1757.9
keV is placed on the basis of two y-rays which may feed
the levals 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 additionpal trancitions apiece,

In addition, the {7He,d) work placed a level at 2040 * 1§

kev (6Bau}, The newly ohserved weak y-rays were placed on
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Figures
131,,.9

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

including 8§ feedings to the levels hetween

ground and 1347 keV.
32, The partial decay scheme of 25-mir l3lre?
including g feedings to the levels from
1427 to 2073 kev,



.Q./ (A®%)3

“r__ 3100

roO8 o

“2/L -

2BU9L 0 9IL6Ht

(152« 0001} L0}

+2/S

3 2er

/8 2L (19

$0°209

+2/5 119 L

12298

U8

2/t [P N

2’5001

(o)

HHET -

€arit

v2/L (S83) (¥O09)
el 159 %o

EATH]

1218 s 6’6
v2/L

(80) serll
(v0) 32884

SY'arel

+2/€ 06’9 S0

(4001 a8 1821
(913 5wl
{20) 15608
152) 61989

s e

amzgzzfo g N\ “

v/l ar'e LX)

£
[T g



133

-IN ma

1t

-g
(] A 1 001 Wy
ro8 G) [r273 — 0
SIZ6M 7 [T 9 L65
99°26p I3 eLL 80
0209 S 9 212
12 258 v2/6 (ran (1060}
WS v/ Iy a1y
9275000 «2/L  (Ses) (¥G0s)
92'RE01 73 159 8¢
S6'9¥Il 75 0CS 66
X120 W/l (@ew) (100
¥ L2kl 2r/s 929 el
O PR
29°0061
SY2en <
81| T = lm.m en__— =
62821 S=s38 P TR A
—e] LY -
10081 .mm.mmm 73 T Pl
558
gss
8 0p0e
92102

g
L/
AM zeze “.7

uw g'ge

[}




TABIE V

1917 yevels Observed in the Beta Decay of 25-min 191pef,

Enerey @ sbsolute & 1cg £t Note v
{kev) {keV) Be ta® Asnignment
o - 0 - - e 7/2*
149.716  0.005 59.7 0.6 6.15 =f2*
492.66  ¢.01 0.8 0.1 1.72 »/2*
602.06  0.01 21.7 0.2 6.17 5/2%
852.21  0.06 0.001  0.020 (10.1) a 9/2*
876.72  0.02 13T 0.05 T.14 ye*
1005.76  0.0% -0.01 0.05 (:8.5) e 1/2*
1098.26  0.02 2.56 0.0k 6.51 3/2*
1146.95  0.02 9.9 0.2 5.70 5/2*
148,53 0.1 -0.02 0.0 (>8.8) e 1/2*
1298.23  0.05 0.5 0.1 6.90 3/2"
1346.09  0.06 0.12  0.02 7.56 1/2*
h27.1%  0.03 1.33 0.07 6.26 s/et
WhL.05  0.03 1.17 0.06 6.28 32"
1500.62  0.03 0.40  0.0% 6.64 s/2*
1677.45  0.05 0.06 0.0l 7.05 3/2%, s/2*
1718 10. - —— - £ 1/2*

1757.9 0.1 0.034  0.007 7.07 ye*, 3/2%, s/2*

vET



TABLE V (cont.)

Energy 'a Absolute .f g £t Hote bE 4
(k=V) (kev) Beta? Assignment
+ +
1800.7 0.1 0.¢7 0.02 €.6% 3/2°, 5/2
2040.8 0.1 0.013  0.005 6.29 3/2%, 5/2%
2072.6 0.1 0.02h  0.006 5.0 /2%, s/t
2 A1l uncertsiaties are cne standard deviabion.
Y 1nis is the nusber of betas direct to this level per 100 decays of 2irel,
® A zerc beta feeding to this level was assumed.
d The intensity balance gives a positive beta branch, but due to the large uncertainty value a zerc
beta branch cannot be ruled sut.
€ The intensity balance gives a negative beta branch. The log It limit is t e result of adding the
uncertainty value ts the calculated value.
£

This level was seen in {®He,d) reaction studies, however there was no definite evidence for this level

in this study of 2327ef decay.

SET



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 was 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 (3He,d)
reaction work placed a level at 1718 * 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 tne 493
kev level (1226 * 10 keV)., A close examination of the
singles spectra resulted in upper limits for such tran-
sitions of Iy (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
+ 131,

1311 levels seen

in the decay of 25-min 3/2 7ed are presented in Figures 31
and 32and in Table V. These assignments are essentially

taken from the work of Macias and Walters (71Mal). The
assignnments of the three newly observed levels seen also

131Tem decay study will be discussed in the context

in the
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 f-degay, With

lagft 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* baged
on the observation of transitions to the 9/2% state at
B52.21 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
gystematic considerations. These levels may well have
either assignment however.,

The spin and parity asasignments of the levels of
1317 observed in the g-decay of 30-hr 11/2° 13p.M are
presented in Figures 27=30 and in Table IV. These assign-
ments are based on logft values for the B-decay of the
11727 isomer (Nota hene: A survey of 28 first-forbidden
transitions in the B-decays of the nearby nuclei; 125Sb.
125Sng, 127Sng, 127Tem, and 129Tem reveals no logft values
less than 8.0 (72au2, 71Ka, 70Apl, 71Apl, 74Ap, 72Wa, 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 13 Te?
decay acheme work (65Wa, 71Mal).

All of the levels from 773.67 to 1403.7 keV are limited
to spin and parity values of 7/2%, 9/2%, and 11/2% by their
prompt Y transitions to the 7/2+ ground state, the lack
of ohserved direct 8-feeding in the decay of 25-min 3/2+
ul'l‘eq, 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 852,21, 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 1646.01 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
11727 level at 1646.01 keV. Ths 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+ 602,05
keV level. In addition the 1005.76 and 1148.9 keV levels

131Teg decay.

are fed by several 3/2+ or 5/2+ levels in
The level at 773.67 keV is assigned as 11/2" based on the
absence of any transitions from or to any 3/2+ or 572%
levels, and on the systematic presence of an 11/72% 1evel

1271 ana 139 firmly established by (n,n"' v), vY', and

in
Coulomb excitation studias (72Au, 72Ho).

The state at 1646.01 keV was observed in the (3He.d)
work of Auble et al. (68Au). They reported an £ value of
5 and a spectroscopic factor (CZSJ) of 0.70. They assigned
the state as 11/27 and interpreted it as being predominantly
hyy/2 Single particle in character, The logft value of 7,7

is somewhat high for an allowed B-transition but is considerably



lower than the values for the first forbidden B=transitions.
Allowed B-transitions with logft values as high as 9.7 have

127749 (70ap1, 71ap1).

been found in the decay of 9.4=hr

The ten states, 1899.13, 1980,25, 2000.94, 2010.99,
2114,17, 216B.54, 2170.65, 2241.64, 2270.65, and 2332.75
keV, all have logft values ¢ 6.8 and are assigned apin and
parity values of 3/27, 11/27, or 13/2" consistent with
allowed S-decay from 11/2° 131Tem. The four states with
large Y branches to the 7/2* ground state, 2000,94, 2168.54,
2290.65, 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 atrong branches to various
of the low=-energy 9/2+ states. They are assigned spin and
parity of 11/2°. The remaining thres states, 1899.13,
2010,99, and 2114.17 keV, are assigned spin and parity of
13/2" on the basis of a lack of obssrved branches to any
772" or 9/2+ states and the presence of strong branches
to the 773.67 keV 1172 state. These assignments are all
congistent with the converaion electron measurements (65De,
67Be2) which indicate the Bl.l4-keV transition {1980 to
1645 keV) to be Ml + E2.

The conversion electron measurements have shown the
102.06=-keV transition (1899 to 1797 keV) to be pure M1l and
the 200,63=keV (1797 to 1596 keV) and 240.93-keV (1797 to
1556 keV) transitions to be El, Tnus, the level at 1797,47
keV myst he of odd parity while the levels at 1556.16 and



1596.43 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 »25 usec. The theoretical
single-particle half-lives (with statistical factor omitted)
(67Le) for an M2 (1172 to 7/2%) or E3 (13727 to 7/2%)
transition of this energy are 1.2 x 10"11 sec and 5.9 x 10'9
sac., respectively. Thus, the hindrances would be 32 x 106
and »4200, respectively. The partial half=-life of the
1023.6=key tranaition to the 11/2% level at 773.67 kev is
1.5 usec. The theoretical single=particle half-lives

(67Le) for an E1 (11/2" to 11/2+ or 13/2° to 11/2+), M2
(15/2" to 11/2%), or £3 (15/2" to 11/2%), transition of

10 sec, and 3.1

10
’

this energy are l.6 % 1076 sec, 2.0 x 107
X 10'7 sec, respectively. The El hindrance would bec <10
whereas the M2 hindrance would be <7500, and the EJ hindrance
would be 5. We, therefore, propose a spin and parity
assignment of 15/2" for the 1797,07 keV isomeric level as
being most ¢onsistent with known trends of observed and
thegretical y~transition rates (65Go, 65Mo}. I take the
loaft value of 8.3 as a lawer limit due to the large uncer-

tainty involved in the intensity balance for this level.
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The level at 1547.75 keV is assigned as 11/2+ on the
basis of transitions to 7/2+, 9/2+, and 11/2+levels, feeding
from 11/2° and 13/2” levels, and a logft value of 10.8.

1 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 11/2% 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 assignments 11/2+, 11/2°, 7/2+. and
9/2% and is fed Erom 9/2” and 11/2” leveis. I favor an
assignment of 9/2+ but cannot rule out 11/2+. With a logft
value of »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 11/2% to
the 1880.1 keV level. The logft value of 7.5 and strong
tronsitions to 7/2+, 9/2*, and 11/2" levels as well as
feeding from 9/2° and 1l/2° levels leads to a preferred
assignment of 9/2° for the 1887.70 keV 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 f#=trinsitions already observed in 131Tem decay.

The logft value of 9.4 and strong transitions to ss2t
and 772" svates 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 keV is asaigned as 15/2° on the basis of
observing transitions only to levels with spin and parity
15447, 15/2% or 13/2" ana feeding only from 13/27 levels.
The states at 1924,57 and 2063,3 keV are assigned as 11/27

or 9/2" on the basis of logft values suggesting allowed



f=decay and Y~transitions only to levels with spin and
parity values of 11727, 11/2%, 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 gpin and parity values of 11/2" or 13727,

E. Discussion.

The excited states of 1311 may be separated into several
major categories: single gquasi=particle proton states, single
proton plus Te core collective excitation states (large. -
even parity), proton thr-~e guasi-particle states, three
proton quasi-particle plus Sn core collective excitation
states, and three quasi-particle states constructed from
one-procon=-two=neutron (ﬂvlv 2) configurations (largely
odd parity). This study of the decays of the 11/2” and

of 1311! has offered the opportunity to examine

£ 1311.

372% isomers

the character of a large number of states o Includ-

ing the results of the earlier 13019 (3

He,d) reaction work
(68Au), thers are now a total of 55 excited states placed
in 1311 below 2.4 MeV., These levels have spin and parity
(3" ) values ranging from 1/2% to 15/2% and from 9/27 to
15727,

In Figure 33, I comparc the levels of i1

I below 1.9
NeV with the levels of 129I cbaerved in the decays of 69~
min 372" 12979 (72wa) and 34.1-day 112" 1¥%pe™ (74Mal)

128

and in the Tg(aﬂe,d) reaction (6BAu), Also shown are

the low-lyiny even parity excited states observed in the
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Figure

33. The levels of 1311 (this work and 68Au)
compared t5 the levels of 1291 (72Wa,
74Mal). Also shown are the even-even
Te core states (71Se, 72Rel, 72Ke2,
T3Aul, 74Hi, 74Ke).
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even-even cores, lzaTe and 13°Te (71582, 72Kel, 72Ke2, 73Aul,

74Hi, 74Ke). The notation of the 197/2, 2d5/2, 1h11/2'
and 331/2 single quasi-particle levels is made for the levels
of the appropriate spin and vparity ha fig the largest spec~

troscopic fastors in the (3He,d) reaction., The 2d3/2 state

129 131

in both I and I remains uncertain as ihe single par~-

ticle strength is split between a large number of 3/2+

stetes (68Au). The single quasi~particle levels are seen

129 1311. This continues a

127

to rise in energy from I to

similar behavior ceen when going from I (70Apl, 71apl,

1291. Qualitatively, the level structures

9

68Au, 72Aul) to

of 1291 and 1311 are seen tu be quite gimilar, The 12 I
level structure is lacking in observed high-spin ( 3»13/2)
states and in odd parity states, but this is understandable
as the 04 of *¥%1e™ is only 1602 kev (71Wa).

There is a general increase in energy of all of the

129 131

positive paricy levels from I to I which parallels

the increase in energy of thc collective core excitations
2t one=phonon and 4+, 2* two-phonon states) from 12800 1o
13°Te. This systematic behavior is presented in greater
detail in Figure 34 which shows the lowest lying 5/2+, 7/2+,
9/2%, and 11/2% levels in 1?71 t68Au, 70apl, 71apl), 1291
(72Wa, 74Mal). 1311, and 1331 {75Lal) along with the appro-
priate Te core 2; spacing (73Rul, 73Au2, 74Hi, 74Ke) above
the 197/2 and 2d5/2 8ingle quasi-particle ievels. 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 systematics of the odd-
mass iodine nuclei (this work, 68Au, 70Apl,
71Apl, 72Wa, 74Mal, 75Lal). Also shown is
the appropriate Te core ZI spacing (73aul,
73Au2, 74Hi, 74Ke) above the lg7/2 and
265/2 single quasi-particle levels in each
nucleus.
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quasi-particle states. It may be noted in particular that
the 11/2+ and 9/2+, levels appear to be phonon-plus-1g7/2
states and that the 7/2; and 9/2; levels appear to be
phonon-plus-zds/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 2d5/2 state as is
observed experimentally.

The general features of the level structure of 131I
may be understood in terms of the single quasi-particle
proton states coupling to core excitations or to two

130Te core, In Table VI,I

quasi=-particle states in the
show the spins, parities, and configurations expected in

the low=lying 1300 1evel structure along with the energies
of those states which have been observed. Not all of these

13°Te3 however,

states have been observed and identified in
an examination of the: Btructure of the even-even Sn isotopes
for A = 122, 124, and 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.

In 130')‘@, the one phoron and two phonon excitations
hoth lie lawer than the lowest observed two quasi-particle

level, a 6% state at 1815 keV (see Figures 33 and 36 ).
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TABLE VI,
Possible Low-lying States in 120Te

and the Energies (in keV) of those States Observed in 1207e,

Type of excitation

Yy J of resultant states

Particle configuration

One phunun 2+(859)
Twe phonun ot at@ase8) wt(1632)
Qctupule 3" {2732)
V(lh“/z)e o* 2t s 6" 8" 10
1(2(15/,,)2 ot 2t
Y (55, ) o*
't’(mu/2 , F?dj/,d) Y ( 6 )T'(El&T)
2100,
V(n,) o0 35y p) 5J ¢
7(2‘15/? » 33y ) i*t] 2t
(1880)
‘!'((147/2 ) 24 4,) 1% P A L LY
1815)
«’l' )2 + + + + ( ?
:!7/2 Q 2 L 6

e, /2)2 ot 2* y




TABLE VII,

The Gistributicn of even parity states of Y311 below A2 MeV predicted by zeroth-order coupling of the
one-phcnun and two-phcnen excitations in Y3%Te with the lg,r/2 and 24, 7, shell model orb1ta1.4, and by
the (lg,! /2 conﬁguratmn and the coupling of the particular configuration, (lg( 2) 5/2% to the
cne-phenon excitation in 1285n.  The 351/2 and 2d3/2 single protor shell model orbitals are also
included. The number of chserved levels of each J4 is also shown (this work and 68au).

Theor. Cbs. Theor. Obs. Theor. Thecr. Observad

I Oae One (1g; /2)3 (ie, /2)5 (le; /2)5‘5/2+ Two High Energy
Phonon Phcnon + Sn Phoncn Phonon Even Parity States

1/2* 1 1 — — 1 32 2

3/t 2 2 1 o 1 5P 2} . 1

5/t 2 2 1 1 1 5 1 }j

7/2* 2 2 1 o 1 5 1 .

9/2* 2 z 1 0 1 4 2 } .

/st 1 1 1 0 - 5 1] . > 1©

13/2* — -— - - - 2 1 !

15/2% — —-- 1 0 - 1 1

Includes tne 551/2 shell-model orbital. ¢ Indicates states which are assigned

includes the 2d, g, chell-model orbital. more than one possible JW value.
3

08T
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Figure

35. The aven parity levels of 1311 (this work
and 6BAuj. On the left are the even parity
30!. cora states (72Ke2, 74Hi, 74Ke): and
in the center are the states arising from
a zercth-order coupling of the Te core to
the 1q7/2 and 2d5 2 States in 1311 and

of the Sn core 2+ to the (197/2) 5/2+
in 131
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Thus, although one expects a certain amount of configura-
tion mixing at higher energies, it appears probable

that the phonon scates in 131, 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 co the 197/2

and 2d3/2 aingle guasi-particle states and from a
(nlg7/2)35/2 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
1311 below 2.0 MeV., This is illustrated schematically

in Figure 35 which shows the observed even parity states
in 1307 (72Ke2, 74Hi., 74Ke), the result of a zeroth-order
coupling of these states with the 7/2+ and 5/2+ states

1311, the result of a zeroth-

{ground and 149,71 keV) in
order coupling of the obaerved ‘11197/2)3 5/2* state
{602,05 keV) wicth the 128g, one-phonon state, and the

131: below 2.0 MeV, The connections

obhserved levels in
betwzer. states are made on the basis of possible spin
values, level systematics (Figure 34), and on the de-
excitation branchings of the observed states to the 7/2+
and 5/2* single guasi=particle states. It may be observed
that. all ten states resulting from the coupling of the

two single gquasi-particle states to the 2t one=phonon
130TQ core state have heen identified and that the second
phonon excitation can account for the remaining observed

even parity states, Most of the "missing" states are
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7/2+ which are very difficult to observe in the 8 decay

13°Te (3He,d) reaction.

of 3/2% or 11/2” isomers or in the
In Pigure 36 I show a comparison of the experimental
even parity levele of 1311 with the detailed calculations

130,

of Rustgl. Lucas, and Mukherjee (G3Ru: proton plus
core), Kisslinger and Sorenson (63Ki: quaai-particle plus
Te phonon), and Almar, Civitarese, and Krmpotic (73Al:
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
theorotical calculations, namely the 13/2+ and 15/2+
states and some of the 9/2+ or 11/2+ astates., 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 encrgies (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 oxperimental levels,

Only the three=proton cluster plus Sn phonon model
predicts a 5/2% level in the vicinity of 500=600 keV.
Such a level is ohserved experimentally at 602,05 keV
and is thought to be predominantly (197/2)35/2 in
character (as labeled in Figure 34). The three-proton
cluster models predict that the 5s2% coupling will be
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36,

Figure

Comparison between the experimental even
parity states in 131: {thiv work and 68Au)
and three different theoretical calcula-
tions (63Ki, 68Ru, VIAl).
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the lowest lying of all the statea arising from a (1g7/2)3
three-proton configuration (73A1, 73Pa, 73Va, 74Ku2, 74va).
In odd~A iodine nuclei the 5/2% states, in particular,

peem to exhibit behavior suggesting coupling between a
three-proton state and the Sn core phonon. This is
ifllustrated in Fiqure 37 which presents the first four
572 ctates in 2271 (esau, 70ap1, 71ap1), %1 (72wa,

1311, and 1331 (75Lal) with the energy base

74Mal),
(E = ¢ keV) being the first 5/2+ state. For comparison,
the firstephonon 2% state in the appropriate Te and Sn
core (73Aul, 73Au2, 73Be, 74Hi, 74K2) is also indicated.
The upper two 5/2+ states clearly follow the systematic
behavioxr of the 5n core phonoa rather than that of the
Te core phonon, suggesting that the Sn core excitation
is of iwmportance in their configurations. In contrast
with the behavior of the 5/2% states, the first 1/2%
state in the iodine nuclei is seen to correlate better
with the Te core phonon, suggesting that it results
from the coupling between the 265/2 single proton state
and the Te core phonon., Finally, it may be noted that,
using this energy scale based on the firsti 5/2+ state,
the first 11/2+ state does not forrelate with either
core phonons This is understandable, as the maximum
spin which can result from a 5/2+ to 2t coupling is 9/2.
For the 11/2* state to he a vibrational excitation it
must. involve the 197/2 single proton configuration, and,

in fact, this appears to be the ca2se (see Figure 34).
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Figure

37. The systematics of the 572 states observed
in the odd-mass iodine nuclei (data from
this work and 68Au, 70Apl, 71Apl, 72wWa, 74Mal,
75Lal). The first 5/2% atate is taken to be
zero keV on the energy scale. For comparison,
the first 2* states in the appropriite Sa and
Te cores are also shown. The position of the
1/72% ond of the first 11/2+ state is also in-
dicated.
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In contrast with the even parity levels, the odd
parity levels observed in 1311 pave not been the subject
of any detailed theoretical calculations to predict

level properties and configuratiéns. It may be noted,
however, that low=lying odd parity states may arise

from only three types cf possible couplings. First,

the 197/2 or 2(15/2 Bingle proton state may couple with
the cullective 3 octupole excitation of the Te core.
Second, the lhu/2 single proton state may couple with
the 2% one-phonon Te core excitation. And third, the
197/2 or 2(15/2 single proton state may couple with the
odd parity two-neutron states in the Te core, resulting
in odd parity levels havingnv,vz 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
13O'I'e core (72Ke2, 73Aul, 74Ke, 75Ma). The observed odd

1311 are also presented. An examination

parity states in
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, élthough
some configuration mixing undoubtedly occurs, the observed

131

odd parity levels in I are primarily describable as

LETA AP three quasi~-particle configurations. Couplings



TABLE VIII,
Distribution -7 the udd-parity states of 31T predicted by zeroth-order
coupling between the odd-parity 130Te core states in Taole V1 n¢ the
lg?/z and 2d5/2 shell-model orbitals ami by the coupling of the one-

phonen excitation (in 1397e) with the lhll/a orbital.

wwy,

Jn States Dctupole States Phonon States
1/2” 1 2

3/ b 2

5/2° 8 2

7/27 10 2 1

9/2" 11 2 1
11/2° 11 2 1
13/27 11 1 1

15/2" i0 1

17/2" 8

19/2” 4
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Figure

38, The vdd parity states of 1311 (this work.
On the left are the odd parity states observ-
ed in the 13°Te core (72Ke2, 74Hi, 74Ke);
and in the center are the possible states
resulting from a weroth-order coupling of
the core to the 1'37/2 and 2d5/2 states as
well as the 2* one-phonon Te core excita=-
tion to the ll-l:l_l/2 state.
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using only the observed 5  (2100.8 keV) and 7 (2146.0 keV)

13°Te core can account for the observed

states in the
density of states, and many more high~spin odd varity

stutes could result from the unobserved 4, 5, and 6
states, as shown in Table VIII,

131

Of the odd parity levels ohserved in I, the 15/2"

6-nsec isomeric atate at 1797.07 keV is of particular

127

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

131I) by Apt and Walters (71apl,

fan isodiosphere of
71Ap2, 74ap). That isomer has an 11 usec 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+ and 11/2+. The partia) half-life of the
1035.4=keV transition in 1311 (15/2" to ll/2+) is 1.5

127Sb, corrected

usec, The equivalent transition in
for energy differences, has a partial half-life of
%5.0=8.0 pusec (pure M2) or of %3,0-6.0 psec (pure E3).

As in 130!!, both a 57 and a 7 excited state have been

1265, (70F1).

observed near 2 MeV in excitation energy in
Thus, it seems highly likely that the 15/2  isomers in
1317 ama 127Sb are vary similar in configuration.

Some light is shed on the interpretation of the 15/2~
isomer in Y31 by the work of Tandon and Devare (67Ta).
They measured the g=factor of this isomeric level to be
=0,16 ¢ 0.05. In Table IX I show the result of cal-
culating the y~factor for each of the eleven possible

LATA P configurations resulting in a 15/2° state. (The



Caleulated g-Factors for the Possible One-proton-two-neutron

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

TABLE IX,

165

Configuration
Caleulated g-factor
Reoton Neutrons
Uepsp s (Lhyypp s 38y 45) 571 15/2° + 0,16
Ulegsp » (1hy)sn s 35, p,) 671 15/2° - 0.32
ey » (23 5 263/2) 173 15/2” - Q.17
Tleg/p » (1B 7p 5 245 75) 571 15/27 - 0.06
Mg, » (Whyyyn 5 2450,) 671 15/27 - Q.01
Repy s (g pp 0 245),) 771 15/27 + 0,01
(2dgjp 5 (Whyysn 5 38y p5) 571 15/27 + 0.60
T2dgp 1 (W) 75 5 33 75) 671 25/27 - 0.0%
(295 n » (Whyypp s 2dy7,) 571 15/27 + 0.h0
L2dg sy » (L)) g0 5 245 ,) €71 15727 +0.30
(24575 » (W pn 5 2d5p,) T7) 15/2° +0.15
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details of this calculation are presented in Appendix IIL.)
It is seen that only two configuraticns,

24 15/2”

- 1h
[Flgq 5" (V7711727 9,775 /5)4-)
and

1h 24 -

119y 30 V3 11720 V2™ 3,2)57] 1572

result in a calculated g-factor within two standard de-
viations of the measured value. I favor the second
confiquration as the 4~ state has not been observed and

13°'I‘e. I note, alsc, that this second

identified in
configuration is the same as that proposed by Apt and
Walters (71Apl, 71Ap2, 74Ap) for the 15/2° imomeric

127

level in Sb.

1311 proceeds

The deexcitation of the 15/2° isomer in
via t.ansitions to the 11/2° single-proton state at
1646.01 keV, to the two-phonon coupled to 1;;.,/2 states
at 1596.43 and 1556.13 kev (13/2+ and 15/2+). and to the
one-phonon coupled to 1q7/2 state at 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 usec. The
theoretical szingle-pasticle half-life (67Le} is 84 nsec.
The E2 hindrance of ~14 is indicative of the great dif=-
ference in configuration betiean the two states. T¢:2
transition very likely proceeds as a result of a small
amount of cenfisuration mixing of mvy v, character
into the 1646.01 kaV state and/or of one=phonon plus
1h); s, character into the isomaric state. The othex
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three transitions carn be interpreted as merely the
decay of the 5 twoe=neutron core state (2100.8 keV) to
the a* two-phonon (1632.8 keV) or to the 2t one=phonon
(B39.4 keV) core state.

The quantitative question of why the 15/2" atate is
lower in energy than the other possible LR configura-
tions is something which must be answered by any detailed
theoretical treatment of the odd parity levels of 131,
A set of predictions has been devised (69Pe) to predict
the lowest lying member of cﬁe multiplet resulting from
a strong coupling between three nucleons, all occupying

31

different orbitals. This technique fails for 131,

127sb) in that it predicts the most stable

(and also for
member of the ﬂ(lg7/2) vl(lhll/z) Vo (263/2) multiplet
tn be 19/27, 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 parallal (17/27) or the
anti-parallel (3/27) couplings, It is possible that this
is the result of admixture of the 15/2° one=phonon plus
1h11/2 configurations, as there are no possibla 17/2"

or 3/2° one=phonon states. Apt and Walters have suggested
that the admixture of (r2dg 50 (v; vp)5-1 15/2" configqura-

tions may be responsible.
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1 have observed major B-decay branches to four 9/27,

131I. The mechanism

three 1172, and three 13/2" states in
for B-decay to three~nucleon Tv, v, states from 11727
131Tem may be viewed as a sinygle~particle transition from
a core neutron orbital (vz) near the Fermi level to the
final state proton orbital (v), with the valence lhll/z
neutron (vl) remaining unchanged. In this case the
strongest B transitions should be the allowed transitions
from an initial state with the configuration l“22d3/2,
v2dy /) o, vilhyy o) 11727 to the twelve odd parity
states with configurations,
tn2dg )30 (v)Ihyyppe V283,04 057067 T g 0" 0y p0m 1327,
This lends addit'onal weight to the interpretation of the
negative parity states as being ™V, states, although it
would be somewhat presumptuous to identify the 10 states
observed to be strongly fed in £-decay as having the exact
configurations ,iven above.
The 8-decay of 11,2 131
particle proton atate in 1311 (1646.01 keV) is relatively

Te™ to the lhn/2 single quasi~

hindered (logft = 7.7) when compared to the B-~decay to

the Ty v,y states (lngft = 5.8 - 6.8). Similar nindrances
have been observed in the B-decays of 11/2" 129, (720a,
74Mal) and 11/2" 1%5sn (70Ma) where tne equivalent v (1hyy,2)
to "(1h11/2) f=transitions were observed to have logft
values of 8,4 and 7.4, respectively. The electron capture
Of the V(lhy; ) iwomer of *!re (67Gr) to the T (iny, )

118

state at 1365.8 keV in g, with a logft of 6.4, is
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somewhat faster but still is slower than the decay to

1195b near 2 MeV. The hindrance of

the ™v,v, States in
this g~transition between single particle states is not
easily understood, particularly in view of the occupancy
of the parent v(lhll/z) orbital, the emptiness of the
daughter w(lhll/z) orbital, and the relative purity of
both parent and daughier states as exhibited in the
(3He,d) and (d,p) reactions. This is certainly something
which must be explained in any theoretical treatment of

of 1311 as observed in the

the negative parity states
g-decay of 131Tem.

My inability to observe a 8-decay branch from 3/2+
131‘1‘eg (v2d3/2) to the 1/2+ state which was observed
at 1718110 keV in the (’He,d) study is consistent with
the earlier observations of very hindered B transitions

127,129,131

to the 1/2+ levels in I from the respective

i27,129,1315, 3/5* jgomers (70Apl,71Apl,71Mal,74Ma).
Although the 8 transition is 2~forbidden (A% = 2),

the observed luyft values are much higher than #-forbid-
denness is expected to contribute (e.g. the logft of

6.4 for decay of 7/2% 1311 to the 5/2% 364-kev state in
IJIXQ (74Mel) }. The hindrance ia 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
vllhrll/z) to ﬂ(lhll/z) g-transition just discussed,

this hindrance of f-transitions invelving single particle
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states offers a challenge to any theoretical treatment

1311 levels.

of
In conclusion, I note that the three-~proton cluster
plus guadrupole vibrator (Sn core) model regults in the
best fit to the even parity levels of 1311 (Fignre 35).
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 systematics (Figures 33 and34 ) which show a
general rise iu the level positions paralleling tle
risa of the 2% state of the even-even Te nuclides with
increasing neutron number. The Sn corz 2t states, 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 (197/2) 1572t component (73Va). It may be
noted that there can be no tlg7/2)3 13/2+ state (62Pr);
and, as the 13/2+ and 15/2+ states lie clese to each

130

other and near the position of the 4% state in the Te

cova (Figure 35), I saguest that the (lg,,,)° 15/2% con-
figuration is not important below ~2 MeV, and that the
observed 15/2+ and 13727 levela might be better described
in terms of a single proton coupled to the Te core two-
phonon excitation., Thus, a model based on both three-

particle~plus-sSn-core and single-particle~plus-Te-core
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configurations might be expected to give the mest accurate
fit to 1311 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

1h11/2 proton state, the cctupole states, and the vlvz

configurations.
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+ 10504 10 LEVELS OF 1%%aq.

IV. THE DECAY OF 55.5-min 5/2

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

closed shell at Z = 50, have recently been the subject
of several theoretical calcu;ationl (73Pa, 71Ku, 72Ku,
74Kul, 74Ku2, 74Ku3, 74Kud4, 74Mal) concerned with three-
hole states and their properties. These theoretical
investir,ations hate been particularly successful in dez-
cribing the low-lying 7/2+ excited state (anomalous
coupling state) which has be n observed in the odd-mass
silver isotopes from A = 103 to A = 113. Detailed
theoretical calculations for other levels have only been

107 109

performed for Ag and Ag, however; and recent ex-

perimental investigationa have dealt primarily with the

107 109Ag as observed in radioactive

107,109A

levels of Ag and

Gecay (74Pa, 695c) and in the 196+108pg (3ye q) g
reactions (72Ku, 73Au3, 75Ku, 73an2). These two nuclei,
however, provide a smomewhat limited check of the theoreti-
cal work due to the relativaly low radioactive decay Q

+ 105Cd to levels of

values involved. The decay of 5/2
1°5Ag is thus of interest because the increased QEc value
allows the observation of lasvels at higher excitation
energies. In addition, knowledge of the levels of losAg
aillows the extension of the systematics of thae level
structures of the odd-mass silver isotopes. The aystem-

atics of the energy lavels 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.

+ 10scd have

Studies of the decay of 55.5-min 5/2
thue far been limited to half-life determinations (50Gu,
53J0, 61Ra, 68Bo, 695t), y~ray singles measurements (690k,
K95t, 71ve, 72Pr, 74Bu), and a measurement of the conver-
gion electrons from a 25.,5-keV transition (53J0). Two
losAg level schemes have been proposed; however, the first
(695t) was not intended to establish the existence of any
excited states but merely to illustrate the additive proper-
ties of the y-ray energies, and the second (74Bu) was not
coneistent with y-ray energy sums and intensity balances.
When this inveatigation of the decay of 105cd was lnitiated,
only one excited state of losAg had been established, the
7,2 7.23-min isomeric state at 2.5 keV (69Ho). While this
study was in progress, the results of a study of the excited

1049d (3He,d) 1°5Ag reaction

gtates of loshq seen in the
were raported (74An, 75Anl).
By waking extensive use of large volume, high
resolution Ge(Li) detectors for both y-ray slagles and
Y~y coincidence measurements, I have been able to
identify 274 y=transitions associated with the decay of
1050d. I have placed 248 of these in a 105Ag level
scheme involving 50 excited states. This study was

womplicated by the observation of numerous y-ray multi-
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plets, most of which were resolvable only through the

105

use of Ge(Li)-Ge(Li) y~y coincidence data. The cd

106 105Cd reaction,

sources were produced via the cd (n,2n)
and the y-ray measurements were complicated by the

presence of several interfering activities. principally
105Agg' 1°5Agm, 106Agm' and 111Cdm.

B. Experimental Procedure and Resulta.

l. Source Preparation.

105,

The samples of 55.S5-min Cd were produced via the

105Cd reaction by irradiating 50-100 mg

106

10603 (n,2n)
of enriched 82.09%

Isotopes Division, Oak Ridge National Laboratory, Oak

¢d as the oxide (purch-ised from

Ridge, Tennessee) with 14 MeV neutrons from the LLL
Insulated Core Transformer (ICT) accelerator with Rota-
ting Target Neutron Source (RTNS). This accelerator
produces 14 MeV neutrons via the d(3H,u)N reaction
and can attain a maximum neutron flux of approximately
6 x 1012 n.utronl-lec-l into 47, It has been described

in detail slsewhare (72Bo, 73Ba). (Nota hene: The quoted

enexgy 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 polysthiylene capsules and transported to the RTINS

using a pneumatic rapid sample transport system ("rabhic"

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 100 neutrons - cn? - sec™}. After irradiation,
the samples were allowed to decay for 10~20 minutes to
reduce the contributions from the contaminating activities,
16 106A g,

122-8ec 150, 7.1-3ec “°N, and 24.l-min g No

chemical separations were performed, and when counting

began the principal activity present was 55.5-min 105Cd.

The following contaminating activitles were identified

on the basis of y~ray energy, intensity, and half-life

losAgm, 24.1~min lOGAgg’

111

data: 41-day 199aq9, 7.23-min

107 ca™, and 53.5-hr

8.4-day 1%ag™, 6.5-hr 1%%ca, 48.6-min
11549 (74Bel, 74B22, 72Be2, 71Be, 71Ra, 66Gr). Five

Cd0 targets were employed, and an irradiation was performed
approximately every hour for 16 hours for y-ray singles
spectroscopy and for 13 hours for y-y coincidence spec-
troacopy.

2, Gamma-Ray Singles Spectroscopy.
105

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 Suppressiorn Spec~-
trometer (described in Section II and §9Ca}, (2.) a

50 cn’ Ge(Li) detector having a FWHM energy resolution

of 1.9 keV at 1332 keV, (3.) an 80 cm3 Ge(Li) detector
having a FWHM energy resolution of 2.1 keV at 1332 keV,
and (4.) a 1.5 om3 Ge (Li) x-ray detector having a FWHM
energy resolution of 500 eV at 60 keV. Source to detector
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distances ranged from ~35 cm to ~1 cm, and a 1" Pb
absorber was used with the 80 cm3 detector. The distance
variations and the Pb absorber allowed the determination
of summing contributions to the spectra. A new lost
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 losca 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 cm3
detector (without absorber) to ald in the identification

of long-lived contaminating activities.
105

3

The y~-ray spectrum of the Ccd samples from 0~2.0

MeV 28 observad with the 50 c¢m” Ge(Li) detector is shown
in Figures 39 through 43 . The high energy ortion
{2.0 to 2.8 MeV) of the y-ray spectrum, as observed through
1" of Pb with the 80 cm® Ge(Li) detector, is shown in
Figure 44. From all spectra, a total of 250 peaks were
obererved which decayed with a half-life of about one
hour and *hich were not single escape (SE). double
escape (DE), x-ray escaps, X-ray, or sum peaks.

The 250 peaks ars tabulated in Table X aleng with
18 additional transitions which were established on the

basis of y-y coincidence data and 1l transitions for
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which intensity limits were determined from either y-ray
singles or y-y coincidence spectra. Of these 279
transitions, five were assigned to the EC-decay of
7.23-min 1°5Agm on the basis of my coincidence data
and the recent study of the EC-decay branch of 105aq™
(72Kr}. The romaining 274 transitions were assigned to
the dacay of 55,.5~min 105Cd, although 26 of these could
not be placed in the decay scheme. Reak intensity cor-

rections for contributions to the singles spectra from
106, m

the decay of 195249 or Ag™ were based on the recent
decay scheme studies of theae isomers (70Ka, 73In).
The absolute B+/EC decay branch of 5/2+ loscd to

05,9 (7.23-min 772"

the 7/2% atate at 25.5 kev in
1°5Agm) was determined to be (51.4 * 4.0) %. A source

of 105cq was produced in a short irradiation (10 minutes).
The decay of the principal +9°ca y-ray (961,84-kev)

was followed for approximately two half-lives, and an
activity at end of irradiation (t=0} was determined by
extrapclation of the decay curve. The amount of 1°5Ag

was determined ~32 days later by counting the sample

at a known gsometry and using the 1°5Ag 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 radicactive growth and decay. The
details of this deterrination are presented in Appendix 1V.
The resulvs of attempting this determination by observing

5,

7.23-min los&gm in transient equilibrium with 105¢4 ang
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40.

41.

42.

43,

Figures

y-ray spectrum of 105Cd batween 100 and
470 keV cbserved with the 50 cm® Ge(Li)
detector.

Y-ray spectrum of 1°5Cd between 470 and
850 keV observed with the [i0 cm3 Ge (Li)
detector.

y~ray spsctrum of 105cd between 850 and
1245 keV observed with the 50 cm® Ge(Li)
detector.

Y~ray spectrum of loscd between 1245 and
1650 keV observed with the 50 cm® Ge(Li)
detector.

y-ray spectrum of 105¢q4 patween 1650 and
2040 keV cbserved with the 50 cm3 Ga(Li)
detector.
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Figure

44. y-ray spectrum of 10SCd between 1950 and
2760 keV observed with the 80 cm® Ge (Li)
detector through a 1" Pb absorber.
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Table X y-rays Observed in the Decay of 55.5-min 1050d

Ene!'ya Intensitya’b Note Trausition® Coi.nt:j.dent.a T-rays in 105(:6 Decay
{keV) (from/to) or Identification®
2710 { 6) L5 ) 53/25
5.7 (2) L (2) ] 2308/2256
86.33 (7 21 {2 433/346
1w07.6 (3) 1.2 {7 Q Not placed
128.6 ( 2) 1.6 (6) {1923/1794) or {1294/1166)
132.9 (2) 4 (2) 1690/1557
17134 (26) 12 (% 1557/1386
172.82 (13) 16 (3) 1923/1750 (1403)
192.27 (9) 19 (2) 1750/1557 1557
221.76 (12) 7 (1) Not placed
229.82 { 9) 15 (2) 1557/1327 1302
232.37 (&) 18 (2) 1923/1690 1665
2ng.1 ( 6) 14 (2) T Multiplet 1360, 1388

5 (3) c 1690/1hk1

10 (@) c 1635/1386
as53.52  ( 3) 3 {2) 1923/1669 283, 1644
262.99 ( 3) 39 { 2) 1557/1294 307, 346, (775), Su8, 1294
283.29 (%) 33 (2) 1669/1386 253, 316, 1360
291.96 (&) yy (2) 1586/1294 307, 3k6, &bz, Th6, (8h2), ou8, 1294

98T



TABIE X (cont.)

Enere;ya Intensitya—’b lo.e Transition® Coineident” Y-rays in 105(2:1 Decey
{keV) (from/to) or Identification”
295.7 (3) 3 2 1986/1690
06.35  ( 5) 29 15) 105 10546 pecny [21)
307.83 ( 3) 192 7) T Multiplel 262, 291, 340, 613, (640), (697),
934, 951, 1038, 1274, 1302 °
12 { 5) C 1294/987
180 (12) e 1635/1327
N6.82 ( 5) 53 (2) 1986/1699 283, (1322), 1644
39.23 ( 3) 18 (W) 195 105,0™ pocay [100]
325.0 (2) 5 (2) Not placed
3u0.66 (&) 97 (3 T Multiplet 304, 93k, 948, 961, (1294)
i3 ( 6) c 1635/1294
83 (9) M 1327/967
w3k (2) <6 3L, 105  (1586/1243)
3u6.87 (2) 896 ( 9) 346/Gs 262, 292, 530, 640, 695, Thé, 896,
948, (1006), 1038, (1039), 1211,
1239, 1322, 1343, 1403, 1902, 1909,
(1953), 1960, 1986, 2053, (2076), 2203
353.91  (12) 9 2) Not placed
362.9 (3) Y 2) (1386/1023) or (1690/1327) or
(2081/1718)

LBT



TABLE X (cont.)

Energy® 'Int'.ensi:t:ya;lr Kote Transition® Coincident® vy-rays in Ia'fc;nmy

{xev) {from/to) or Identification®

3M.28 (10) 9 (2) Not placed

398.32 (B) 12 (1) 1386/987 961

403.3 (L) 3 (2) 2326/1923

ML (2) 3 (2 1294/877

422,27 ( 6) 19 (1) 1750/1327 1302

433.2%  ( 3) 600.  (5) 433/Gs 590, 609, (613}, 733, 810, 1124,
(1159), 13€0, 1489, (1552), 1823,
(1867), (1874), 1881, 1892, (1834),
1900, 1938, 1995, 2117

Wwe.3 (2 18 3 105 105,62 Decay [9.4]

W39 (2) <h 8L, L, 105  (1885/1hb1)

mh6 (2) <l SL, L, 105  ( 877/433 )

k.38 (7) 23  (2) 1441 /987) a3k, 961

458.30  (1L) 11 (2) Not placed

461,96 (11) 10. (2) 2256/1794

4673 (7) 1 (2) 1794/1327 1302

¥86.73 (10) i (2) 105 (2473/1986) or (2156/1669)

499.45 ( 8) B (2) T (Multiplet) (1360)

8 (B c 1885/1386
6 (6) MC (2245/1750)

881



TABLE X (cont.)

En:rgy‘ Intensitya’b Note Transition® Ccﬂ.m:j.tlent.'j y-rays in 105(.':1 Decay
{xe¥) (from/to) or Tdentification®
520.5% ( 5) 2k {1) 2314/1794
530.95 ( 8) 16 (1) 877/346 3L6
538.67 ( 6) 151 (5) 1535/1097 (613), 1043, 1071
su5.0 ( 2) 3 (1) 1986/14k1
550.%7 (11) 8 (1) (2300/1750) or (2u73/1923)
558.14  (10) 8 (1) 230871750 or (1885/1327) (1403), (172k)
%0.9 { 3) 2 (z 19986 Decay [0.5]
570.56 ( 6) 23 (2) 1557/987 (o), %1
5t6.1 (5) 3 (2) Q 2326/1750
5174 (2) 9 (2) 2371/179%
579.97 ( 9) 12 (1) 2249,/1669 164%
583.17 ( 6) 18 (1) 2333/1750 1ho3, (1724)
590.14 ( 5) 25 (1) 1023/433 k33, 1302
598.5% ( 5) 25 (2 2156/1557 1557
607.22 ( 2) 798 (7 2326/118 1665, 1693
609.45 ( 5) 23 (2) 1042/433 433, 613
613,50 ( %) 73 (2) T Multiplet 307, (L33), 538, 609, (648),
1043, (1665)
21 (13) c 2249/1635
52 (15) MC 1656/10%2

68T



TASLE & (cont.)

Enery‘ 1ntensity"b fiote Transitien®  Coincident® 7-rays Ln_r 05Cd Decay
(kev) (fron/to) or Identification’
a7 (9) 16 ( 6) 105, 105 2308/1690 (703}, (1665)
623.7  (2) 1 (1) 2314/1690 1605
6.8 (3) 8 (3 2300/1669
635.4  ( 3) 102 (2) 2326/1695 703, 1343, 1665
SLo.%6  ( 8) 13 {2 987/ 16 (367), 6, (648)
&42.80 ( 6) 20. { 2) 2333/1690 1563
oiB.hg  ( 2) 335 (5 1050 1635/967 (613), (6o}, (597), 934, J1
656.53 (7 15 {1) 105a 2326/1669 16LL
658.27 ( 8) 13 (1) T Multiplet (1302)

7 (6) c 1985/1327

6 (7 e (2328/1560)
662.79 (7) 17 (2) £2U9/1536 e
676.88 (12) 10. (1) 1023/36
681.97 (16) 7 (2) 105, 106 16697457 (951)
691.88 (13) 9 (2) (2249/1547) or (2228/14545)
695.76  (10) 16 { 2) 1%2/ 346 2hé
697.7 (2) 19 (1) 2333/16%5 TRT), (56, (w6l
700.07 (15} °] (1) 2L19/1718 143
703.56 ( B) oh {2) 1.0, 1650/ 567 (or7), 53, ek, e
709.867 (8) 27 {2) 2he/10 1565 "
7.8 (&) ] {3 5 ISRV e



ime:-gva Intensi:y:"b e Teansition® Coinzident” q M?L'-J
{xeV) (fromfn- ) or 1dentifieation
721.6 &) 3 (2) 4 2304/1556
727.54  {13) 12 {2) 23L/1%EG
733.03 {9) 24 {(2) 11660423 L1z, €1159), (1245)
736.8 {3) 4 (2} 2UHL1940
7.4 (7) 114 (2) 233/1556 M2, W
9.y (3 2 (2 2L19/1659
755.9 (3) 5 (2 2550/ 115%
758.07  (15) 18 (2) 1635/877 a77
762.8 (3} 4 {2) 1750/947
T10.18  (12) 12 (") 2156/13%6 (230}
775.80 (7) 51 {2) 2333/1557 (252), 1557
T82.4 ( 3) & (2) 109 2473/16%0
8.7 (2) 6 (2 1885/ 1007
805,23 (16) 10. {2) 2550/17%
810.10 { 8) 26 (1) 12h3/433 L3
813.9 (2) e (2) (2Loo/1585) or {2371/1557)
825.72  (15) a5 (3) 106n 19723/1097 104k, 1071
B27.7  ( 6) (2) Q 256/1327
83%.3 ( 3) {2) 2L22/1586
2o.hy  ( 8) 23 (1) Y ffultiplet (292), 1557

167
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TABLE ¥

(cont.)

Enerﬂy'

256

Intensity Note Trunlitionc Coincident d y-rays in 1056d Detay
{keV} {from/to) or Identification®
1k (W) c 2400/1557
T (s) M 2L29/1586

858.95 (12) 21 (2) T 2300/14b1 1368

<5 L 2494/1635
8%6.9 (2 10. (1) 2308/1441 (1388), (1416)
B70.88 (%) 0. (3) 2Lb29/1557 1557
8rr.8L (9) b6 (2) 877/Gs 758
88u.sT ( 8) 126 {2) 2326/140 {ush), 1388, 1416
889.13 ( 8) 54 (2) 1986/1097 104k, 1071
832.21 ( B) B (2) T 2308/1k16 116

<6 L 2333/14l)
8%.61 (9) 18 (2 12h3/346 |6
921.62 ( 5) 102 {2) 22k9/1327 340, 1274, 1302
928.8 (2) 7 (@) 105n 2256/1.327
9340k (%) 27 (3 x7/53 07, 3o, us4, (570), 648, 703,

(998), (1169), 1338, 13ko,
3 113, 1485
gn.60 (11) 13 2) 2328/1386 1360
B0k (b)) 182 2) 1294/346 262, 291, 340, 346, (7L6), 1013,
(031), 3038

954%.53 (12) 6 (2) 2249/129Y

Z61



TAYLE £ (eont.)

Energ,ya Intcmitya'b liote ’I’ru.nsiticnc C:ﬁ.f:cident‘i y-rays in LCECG Deecay
{keV) (fromfts) or 1ldentification®
%6184 { 3) 1000. {n 97/24 37, W, 208 W5k, =7h (475),
ok, (G81), 703, 9%, 1159, 1007,
1327, 13F8, 135, 17, 10
957.23  ( 6) 25 (2) st placed
972.43 {10) 12 {2) 2m0e/1u7 (-
973.22 {15) 12 {2) Zlinfiiy
981.50 { 9) 29 {3 2422/10 (177, 15
98,52 (17) 15 (@] 2081/1097 1wl
986.91  (10) 35 (3) ML/107 T
952,93 (k) 9 {2 2950/1557 (r257)
998,43  { 5) 63 (3) Muliiplet (30}, 951, 1302
20 { 6) 1986/9%7
2 &) c a325/13a7
12 (7) e (1023/25)
1006.25  ( 9) 16 {3) 2249/1243 (346)
1013.51  { 8) 22 (2) 2306/129h UE.
w0215 ( 2) 7 (3) Not ploced
103,86 (13) 30. (h) T Multiplet (948), 138, 1b16
10. (7 c 2326/1204
15 (10) c 2h73/1hk1
1032 (2) 15 (4) 2419/1386 {1360)
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TABLE X (cont.)
Energy® Intcnsity"b Rote 'I‘ransit.ionc Coincident? y-rays in 1954 pecay
{xev) (from/1o} or Tdentification®
1038.44  { 6) 125 (2) 2333/ j29k 307, 246, Ou3, 109k
1039.% { 2) <6 L 1386/ 346 (€13
1083, (7) 105 {3) T Multiplet za, 61+, 825, 8%), 1798
{1ok2.7 (1)) i5 (7) e 1002 /G5
{1ouk.0 (1)) 60 (14) ¢ 1097/52
1061.4 { 3) 4 (2) ohh7/1386
07n.65 { 5) 213 () 1007/25 5, &35, 80, o8k, 1PRR, 1332, 13735
1082.5% (16) 13 (3) 2325/1243
109,00  ( 3) 6 (2) al19/1327
1095.7 (%) 3 (2) 2hpz/1327
1098.5  ( 3) 3 (2 190%™ Decay [3.7]
1205.8 {2} 6 {1 2400/2294
1109.15  (13) 10. (1) T (Multiplet)
8 (W) c 255010641 (138¢), (1n13)
<6 L (2ugk /1386)
1119.7 (2) 13 {2) 2611327 1302
1124,73  ( 8) 20. {2) 1557/433 533
137.2  (2) 2 (2) flot placed
17 {3) 3 (1) au72/1327
nk7.9  (4) 2 (1) 2314/3166

61



I-Znera' Im:.emsi'l:ya’b Hote C«.;m:ade;:z'j )—r‘:—:;,'. in 1_7_‘ Decuy
{keV) (fr =/ op Tdentificatioa®
1159.75 {i6) % (2) T 2326/11n- Coosly {0
<7 L {rouinfr e
1159.09 ( 8) 24 (2) 2195/ 387
19%.3  ( 3) 5 (1)
1205.4 {3) L (2) 2150
211,09 {(7) L2 (3 1957/ 46 L5
1217.5 ( 2) y (1) {231/197) or {12i3/25)
122874 ( 6) 52 (@) 2326/:097 1oL, 1071
1232.84 (13) 1% (2) 2056/ 1927
1239.98 ( 5) 61 {2) 186/ sk “hé
1256.50  {10) 23 {2) T 2402/115 (733)
<6 L (25 /1327)
1262.28  {14) 8 (2) 22h9/987 w1
127478 (W) 175 (2) 1327/52 WY
1283.60 ( 3) 5 (2) 2326/1062
1289.6 (%) 6 ( 2) 258L /1294
129%.89  ( 4) 66 {2) 1294/Gs 262, "1, (340}, 1033
1302.46 { 2) 8638 { &) T Multiplet a29, 307, ko2, W6h, 590, (658),
921, {972), 986, 998, 1119
20 710) c 23¢6/1623

G561



TABLE X (cont.)
Eorgy” Intensitya’b Note 'rransitionc Coincident” y-raysin 103 ¢4 becay
{kev) (fram/to) or Identification®
848 (15) " 1327/25
137 (1) 16 (2) fiot pluced
1322.20 {10) % (W T Multiplet (15), WS, 1071
13 (3 c 2b19/1097
24 (7 c 1669/ 346
1327.20 (17) 10. (2) 2314/557 951
1338.69 { 4) 139 (u) 23261987 23k, 51
ko5  { 6) 66 (%) 2328/987 93k, 9351
1343.82 {10 19 (2) 1650/ 346 Wo, 635
1350.0 ( 3) y {2) 106 2ui7/3007
13%0.79 (W) 5 (W) T, £ ¥uitiplet Pho, (2553, 273, W22, Lasy, (ol
51, (1233)
{1361.5 ( 2)) 26 ) € 179%/533
119 (15) e 1365/25
1375.77 24 {2) 2h72/1097 171
1368.48 575 (5) 11 /52 29, 57, (85), #L, (91),
103, (1129)
1%03,20 ( %) 83 (3) 1750/ k6 (172), 245, (550), 5€2
3.2 {28) 30 (n 2450/907 3%, 961

96T



JARIE X {eent.)

Enermra Intensity"”bv Note Tr&nsi‘_icne- Coincideni? 1-:33;‘ it
{%eV) (from/o) ar Identificution’

k16,30 {(10) 350 (19) T Iultiplet (758), o7k, T3z, Wi, cTi, (1w
Lo (15) c 1%15/Gs
310 (25) He k125

1422.13  (15) 6 (2) g 2300/877

1431.85  {18) 9 (2) 2k19/987

159.62  (13) g (3) 27 /987 952

1465.1 {4 3 {2) Not pl:ced

1459.1 { 6) 2 {2) Q lot placed

s (8) £ {2) 2u72/987 (934), 961

189,72 ( 5) 95 (2) 1923/433 433

1507.8  { 3) 5 (v (2550/1042) or (2h9L/987)

1522.9 ( 3) 3 (2) 2%00/877

1532.32  (12) % (2) 1557/25

1552.8  ( 3) 7 (2) 1986/433 (433)

1557.84 (1) k37 (s) 1557/Gs 192, 598, 775, 842, 356, (92)

1582.5% (7} 135 (2 15635/52

1586.24  ( 8) Ly {2) 1586/Gs

1610.30 ( &) 56 ( 3) 1635/25

1635.80  ( 6) 223 (W) 1635/Gs (612), (697)

L6T



TABIE X (cont.)

Energy™ Intensity®*P Note Transition. Coincident? y-rays in 19%ca Decay
{keV) (from/to) or Identification®

w803 (7 185 (3 1669/25 253, 316, 579, 556

1665.33 ( 6) 278 (W T Hultiplet 232, 607, (617), 523, 635, Gh2, 709

{1965.20 ( 8)) 75 {1k) c 1713/52

{1665.65 (10)) 203 (i8) ue 15690/25

1693.34  ( 5) 755 (5) 1718/25 507, 700

1697.2  (2) < {3) 1750/53

1ekéy (7 1hy (3 1750/25 (552), (5¢3)

7 (W) 7 (2) 1794/53

1797.5 (b) 5 (2) Not plzced

1809.0 (&) 5 (1) 2156/ 346

8231 {2) . 3 (7 2256/433 433

1831.67  1b) 33 (2) (1884)/25

1853.6 ( 8) 1 (1) Q Not plnced

1860.1  ( 2) 8 (2) 1835/25

1%67.3  { 3) 10. (2) 2300/433 (%33)

1369.74  { 9) 13% (3) 1923/53

137499 (1) 5 (2) 2308/433 (433)

1881.36  (12) 28 (2) 23147433 433

1892.89 { 8) 51 {2) 2326/133 L33

861



TABLE X {cont.)
Enerya :[m:em;itya"’b Hote Transitionc Coinc?dentd y-rays in mSCd Decay
{kev) (from/to} or Identification®

1894.8  ( 3) 10. {8) c 2326/433 (433)
1897.532 (7) 308 {3) 1923/25
1900.21  {13) 25 {2) 2333/433 433
1902.79 (13) 28 (2) 22h9/346 346
1909.69 ( 8) 130, (3) 2256/346 36
1929.1 (2) 10. (2) Not placed
1933.11  ( 8) 339 (3) 1986/52
19%.50 ( 9) 63 (2) 2371/433 L33
1953.51  (16) 13 (1) 2300/346 (345)
1960.89 ( 9) 200, (3 T Multiplet 36

1 (n c 2308/346

189 (10) MC 1986/25
1975.66 (10} 52 (7 A Mot placed
i986.51 (7) 161 (2) 2333/346 346
1995.97 (10) 29 (3) 2h29/433 433
20040  ( 2) 7 (2) E 2uh7/433
202848 (1) 135 (k%) 2081/53
2053.60 (14) 3 (2) 2L00/346 346
2056,06 (13) 52 (2) 2081/25

661



TABLE X (cont,)

F.mar-g:l Intensit.ya’b Note Treusition® COincident(rn,r-rays in wSCd Decay
{xeV) {from/tc) or Identification®
2061.5 ( 3) 5 (1) 2hgl /433
2076.5 (b)) 8 (1) 2h22/346 (346)
2095.2 ( 6) 2 (1) Q
2117.30  (15) 19 (2) 2550/l33 433
2156.20 (11) 8o. (3) 2156/6S
2203.58 (14} 2 (1) T (Multiplet) 346
20 (8) c 2550/346
<8 MC (2256/52)
2230.88 (12) b2 (2) 2256/25
2249.48  (10) 105 (%) 22h9/Gs
2272.85 (15) 220. (12) 2326/52
2274,83  (15) 180. (12) (2300/25) or (2328/52)
22889 ( 2) 6.% (T 231k/25
2300.57 ( 9) 1. (n) (2300/65) or (2326/25)
2208.30 (12) 22 (1) 2308/cs
2318.50 (14) 0.0 (9) 2371/53
2333.26 { 5) ko2 (1) 2333/GS
2345.7 (7 0.8 (5 Q 237n/25
2364.60 (13) 10.5 (6) I3 Not placed

00z



TABLE % {eont.)

mergva Int .nsltya’b Rote Tr--nsiLlcr‘.c Coincldentd 4-rays in rf’ca. Deeny
{xeV) {from/Lo) or Jdentificasion®

2375.2  { 3) .5 {(5) 2400/25

2382.66 {12) 10.2 { 6) Fy ot placed

2393.69 { 9) 38 (1) (2k¥:/53) or (2419/25)

2400,77  (15) 9.4 (7) 2400/GS

2k22.99 (10} 75 (3) 2k22/cs

2429.19  (14) 13.0 (€) 2h29/Gs

2875 (3) <0.1 106 (2u73/25)

2469.5 (5) 1.3 ( 3) 2ugL/f25

2512.1  ( 5) 0.7 (3) A Nat pl.ced

2525.45 (18) 8.7 (7 2550725

2530.8 ( 3) 1.3 {3) 258453

2554.3 (W) 1.2 (3) A Not placed

2558.8  ( 2) .2 (3) 2584 /25

2568.5 { 8) 6.5 {3) A Not placed

2573.8 ( 2) .2 (3 A Not placed

2594.5  ( 5) 0.7 (2) A Not placed

26654 (6) 0. (2) A Not placed

102
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TABLE X {cont.)

yalue shown as 27.70(6) means 27.70 2 0.06 for example, The uncertainties are one standard deviation,

Prhe intensity values are relative to a value of 1002 for the 961.8h-keV transition. To convert to
abgolute intensity {per 1000 decays), multiply the relative intensity value by 0.0469 ¥ 0.0029. This
includes the absolute branch to the 7/2+¢ 25,5-xeV state of 51.4%. An uncertainty of 2% must be
added in quadrature to reflect the uncertainty in the Ge(Li) detector efficiency.

cﬂssig'ments are made on the basis of energy sums and coincidence relationships. Multiple assignments
and assignments of transitions with intensity limits are in parentheses and are dotted in the level

scheme. These assignmeats arc consistent with being dipole or electric quadrupole in character and
the energy sums involved give no preference for placcment.

dCoincidences in parentheses are marginal. These are indicated in the level scheme by the use of open
circles to indicate the coincidence.

“The assignments to the decay of 7.23-min 105A5m are based cn 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 1050& decay on the baslis of half-lives ardfor 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.

zoe



TARLE % (cont. )

o - The transition intenscity is the result of subtracting the intensitie:z noted "C" from the
total intensity (noted "T").
105(ete. )~The transition intcnsity has been corrected for contributions from the decay of this Ag isotope.

SL - Intensity 1limit is from singles spectra.

L~ Intensity limit is from coincidence measurements.

£ - The intensity has been corrected for the presence of an ¢scape peak.

A- This y-ray determines a level at {(E)~, (E +25.5)-, or (E + 53.2)-keV. It is either

not emineident with the 36 or 433-keV T-rays or Ql-}c considerations preclude its
placement into any level but G.S., 25.5«, or 53.2-keV.

£0¢Z
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105

by observing the positrons amsociated with Cd decay

(correcting the singles spectra for positrons from 106qu
decay (67Ra) ) are alsoc presented in Appendix IV.
A balance of the intensities of the y-rays placed

£ 1°5Ag resulted in

into and out of the 53.2 keV lavel o
a value for the total conversion coefficlent (°tota1) of
the 27.7-keV y-transition of (49 * 6) °Total <

(56 + 6). I assumed that there was no direct A-decay to
the 53.2 keV level. The two values resulted from the
double placements of the 2274.83- and 2393.69~keV y-rays.
A comparison with the theoretical %rotal of a 27.7~kev
transition indicates that this transition is M1 +

(25 + 4) % E2.

3. Gamma-Gamma Coincidence Spectroscopy.

The y=-Y coincidence measurements were carried out
at LLL using two large volume true-coaxial Ge(Li) de-
tectors (both ~50-60 cms, having effective FWHM energy
resolutions in the two-parameter system of 3.0 and 3.3
keV at 1332 keV) in conjunction with a multiparameter
pulae-height analyzer system and associated electronics
as described in Section II. The coincidence time gate
was approximately 35 nsec which resulted in a real-to-
random coincidence ratio of about 15 to one. As in the
lalr.m Y=y coincidence study, the random coincidences
were found to be essentially negligible. The coincidence
avents wers recorded on magnetic tape in an 8192 by 8192

channel format for later analysis using the LLL CDC 7600
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computer system along with computer codes developasd at LLL
(75La2). Approximately 2.3 million coincidence svents 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 spectra to obtain net coincidence spectra. Energy gates
vere set on the spectrum obtained with the "stop" detector
(FWHX w» 3,3 keV) and the spectrum in coincidence with the
gated region was retrieved for the "atart" detector (FWHM =
3.0 keV). The results obtained are tabulated in Table XI
which lists all photopeak gates which wera set and all y-rays
which were observed to be in true ccincidence in the result-
ing coincidence spsctra. Marginal coincidences are indicated
in parentheses. (These were doubtful peaks in the coincidence
spectra which,: however, agreed in energy with transitions
gean in y-ray singles spectra. These transitions could ke
placed between astablished levels on the basis of energy
sums such that the placement was consistent with the obser-
vation of a coincidence.} All coincidences cbserved are
also listed in Table X.

As in the case of the 131?." Y-y coincidence study,
svidence for many y-ray transitions was obtained svlely
from coincidence data. For example, the y~ray singles spectra
showed a single peak at 1665.32 keV, however, the coincidence
data ravealed this peak to ke a doublet. Part of the evi-~
dence for this is shown in Figure 45 which shows the same



TABLE XI
Gamma-Gamma Coincidences in 19%0d Decay
Ge(Li) Gate Gated Photopeak™ Colncident Gamma Rays Observed®
(kev) (kev) (keV)
250.h - 256.4 253.42 283, 1644
260.0 - 266,0 262,99 (307), 346, (775), 948, Lagh
288.7 - 295.0 291.96 307, 346, 662, Ti6, (BL2), gug,
1294
303-5 - 310-7 306-35(') 162(*)! 262! 2911 3!‘01 hzo(*)s
307.83 613, (Gko), (697), 934, 951,
(1038), 1274, 1302
31h.8 - 322,0 316.82 283, 331(*), (1322), 1644
319.23(*)
3.0 = 350.0 3k, 58(%) 262, 292, 306(*), 328(*), 530,
346,87 G17(%), 6h0, 695, Th6, 896, ghi,

(1006), 1038, (1039), 1211, 1239,
1322, 1343, 1k03, 1902, 1909,
{1953), 1961, 1986, 2053, (20V5),
2203

4298 - 4%,5 433.24 590, 609, (613), 733, 810, 1124,
(1159), 13%0, 1489, (1552), 1823,
(1667), (1874), 1881, 1892, (189%),
1900, 1938, 1995, 217

$35.6 = 51,8 530,67 (613), 10b32, 1071
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PABLE ZI (cent,)

Ge(li) Gate

Gated Photopeak®

Coincident Ganme Rays Observedb

{kev) (kev) (xev)

555.0 « 561.0 558,14 (1403}, {a73%)
569.9

580.0 = 586.4 583.17 (1403), (172L)

586.4 - 594.8 590.44 433, (1302)

603.8 - 611.9 607,22 433, 1665, 1693
609.45

610.6 - 620.0 613.50 307, 3bk(*), 429(+), 500(+}, (538),
616.1(+) 609, (648), (695), (703), 8ou(+),
617.41 1043, (1635), (1665)
617.8(*)

631.6 - 639.2 635.4 703, 1343, 1665

643.8 « 6514 6uk.62(%) Lh3(x), (613), (640}, (697),
648,49 93k, 961

729.0 =~ 737.0 733.03 433, (1159), (1256)

822,2 ~ 829,0 B2L,7(+) 616(+), 703(+), Bou(+), 10y,
825.72 1071

87h.9 « B80.1 877.81 798

8B1.3 - BBT.9 864,57 (hsk), 1388, 1416

887.5 = £95.0 889.13 1044, 2072, 1416

892,21
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LABLE XI (cont.)

Ge(Li) Gate
{kev)

Gated Photopeak®

(kev)

Coincident Gamma Rauys Ohservedb
(keV)

918.0 - 925.2

930.0 - 938.2

943,0 - 952.1

957.6 = 965.0

1034.5 « 10k1.5

10k1,5 - 2047.6

1067,k - 1075.8

1290.9 = 1208,9

1298.0 - 1307.0

1356.8 = 1365.2

921.62

934,14

olE, ok

961.84

1038.4%
1043.46
1045.9(+)

107165

1294.89

1302.46

1360.79

340, 127k, 1302

(307), ho, b5k, 511, (570),
oke, 703, (998), (1169),
1333, 13ho, (1013), 1455

262, 291, 340, 346, (Th6),
1013, (1031), 1038

307, 340, 308, sk, Si1, 570,
(635), o8, (681), 703, 998, 1189,
1262, 1377, 1338, 13k0, 1413, 1485
307, 944, 1294

538, 613, Th3(+),(793)(+),
{808)(+), (325), 859, (1199)(+),

1228

538, 825’ 889’ 98h’ 1228!
1322, 1375

262, 291, (3h40), 1038

229, 307, k22, W66, 590, (658),
921, {(972), 986, 998, 1119

249, (253), 283, W33, (h99),
{179), 9, (2033)


http://93U.li*
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TARIE 2T (cont.)

te(lLi) Gate Gutued Photopeak™  Coincldent Gamms Kuys Observed”
{keVv) (kev) (kev)

1aik, « 1392.8 1384,48 zby, 858, (863), «Eb, ¢BL,
1031, (1199)

1:98.7 = 1407.1 1403.10 (x72), 316, (558), 583
10,7 - U195 141324 (550), dchy, &92, 934, 961, 981,
116,10 103, (1199)
1553,0 = 1562,9 1557.8k4 192, 598, 775, 8u2, 866, (992)
1531.5 - 1539.8 1635.81 {613), (597)
1639.8 - 1648,1 16hk,03 253, 316, 579, 646
1660,0 - 1570,0 1665.33 232, 607, (617), 623, 635, GU2, 7%
1667.2 - 1698.8 1693, 34 607, 700
1697.2
1905,0 =~ 1914.,0 1909.69 346

B’bﬂwn more than one photopeak appears ir a gate the principal 105cd
decay peak is underlined.

bf.‘omcidences in parentheases were marginal.,
(*) -~ This is a transition in Y%%4g% or 199" decay.

(+) ~ T™is is a transitlon in 1°6A55 or mu:\g“ decay.
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‘5.

Figure

A portion of the 1o"’cd ¥-ray spectrum coin=
cident with the 632~ 639 keV and 604- 612
keV gates. The 607- by 1665-keV and £35-
by 1665-keV coincidences indicate the
1665.33-keV peak cbserved in y-ray 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 ¢ 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., eaighteen multiplets were resolved and the relative
intensities, as determined from singles spectra, ware 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 thess cases, limiting relative intensity values were
determined from y-ray singles and/or y~y coincidence spectra.
Thesa limiting values are licted in Table X and noted by the
transition aggignment being placed in parentheses and by the
nate "L" or “SL*.

105

C, Construction of the Ag _Level Scheme.

In Fiqures 46, 47, 43, 49, 50, and 51, I present the

level- scheme oflOSAg as determined in this investigation
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46.

47.

48.

19,

50,

51,

Fiqures

The partial decay acheme of 55.5=-min 105cd

including B+/Ec feedings tc the levels of
10559 between ground and 1400 keV.

The partial decay scheme of 55.5-min 1°5cd
including a*/ac feedings to the levels of
Sag between 1400 and 1720 keV.
The partial decay scheme of 55.5-min 1°5Cd
including EC feadings to the levels of
Sag between 1720 and 2200 keV.

105-4

The partial decay scheme of 55.5-min
including EC feedings to the levels of
10509 between 2200 and 2320 kev.
The partial decay scheme of 55.S5-min 105Cd
including EC feedings to the levels of

5Ag between 2320 and 2410 kev.
The partial decay scheme of 55.85-min 105cd
including EC feedings to the levels of
195,g betwoen 2410 and 2600 keV.

Ahz’ﬂﬂ257
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ABIE XII, O7Ag Levels Observed in the '/ Decay of 55.5-min Syt 105y

Energy Absolute Ob log It Note J¥ Assigmment loValuel cgs 13

(xev) 8%« B Beanon® (3tie,a)

0 0 - - ¢ 1/2" 1 046

25.5 514 4.0 5.4 72"

53.2 0 - - c 9/2* b 1.57
346.87 £0.06 - <.l d 3/2" 1 0.21
433,24 a - <lo.1 d 52" (3)2
877.81 0.15 0.03 7.3 3fz TK 1 9.19
987.3 1.67 0.1k 6.2 52t 2 0.52

1023.68 0,042 0.09%%  (7.8) e T

042,68 0.13 0.13 (7.3) e 5/2" + Seen

1097.1 <0.02 - <8.0 d 9/2* Seen

1166.7 0 - <9.6 d 9/2" X Seen

1243.51 0.070 0.0%2 7. 5/2"

1204.80 0.0 - <81 a 1/2* o 0.17
1327.9 3.05 0.23 5.7 sfe* 2 0.86
1386.3 0.16 0.09 6.9 3/2*%, s/t 2 0.08 , 0.0
16.1 0.009 0.009 [B.2) e (1/27, 3727, 5/27)

1,7 3.17 0.24 5.6 sf2* 2 0.03
1557.84 2.25 0.16 5.7 32" 2 0.12
158684  <0.005 - <8.4 d 1/2* 0 0.04
1635.8 5.08 0.33 5.3 e 3/2% ana 5/2* 2 0.16 , 0.12
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TAZLE ZIT {cont.)

Dhergy  Absolute o® g e fote J* Assignoent #Value #s, .
(xev) % EC franch® {3kte,a) )
>0.91 < 6.0 6 3fe*
>1.15 <5.9 g sfe*
16%.2 0.24 0.07 6.6 /2)
1669.5 0.58 0.07 6.2 h s/, (312"
0.50 0.07 6.3 i sfe*, (32"
16907 0.45 0.0 6.3 sfet, (3/2") Seen
1718.9 0.089 0.09 (7.0) e of2*
1750.03 .11 0.9 58 sfe* 2 0.08
1794 0.02 0.05 (7.5) e q/2* A 0.5
{1684.9) 0.16 0.0L 6.6 (1722 }h {2) 1.21
1885.6 0.12 0.03 6.7 sfz*, 112"
1923.0 2.9 019 5.3 /2" 4 0.67
1586.3 3.17 0.21 5.2 5/2* 2 0.05
2081.7 0.95 0.07 5.6 sf2*, 1/2* Seen
2156.3 0,74 0.07 5.6 3f2* Seen
2249.48 1.53 012 5.1 3f2* }5,,,,
2256.5 PRL] 0.09 5.3 5/2*
2300.4 1.73 0.2 5.0 h 3f2*, (s/2")
0.33 0.03 5.7 i 3y2*, 52t
2308.30 0.72 0.07 5.3 3{2*

231%4.6 0.6k 0.05 PR 72 0w

1282
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TABLE 811 (cont.)

tiorrgy  Absolute o° log £t Mote JY  Assignment g-vuual czsl 3
{kev) 2%+ 20 Branch® (rte,a)
P W
23%.13 8,53 0.53 4.2 B sizt
8,01 0.5 4.3 i sfat
21803 1.33 ra 5.0 h ofe*, qjet [ teltiples
0.42 0.05 5.5 H y2t, 512, et
2333,26 4.4 0.28 4.5 it
Mk 0.5 0.0k 5k s/2*, 1/2*
2400.37  0.61 0.06 5.2 3/t
2hg.2 0.5 0.0 5.3 h s/2*, 7/2% ]
0.34 0.05 5.4 1 s/2*, 1/2* | Seen
2M22,99  0.67 0.05 5.1 3t
229,19 0.5 0.06 5.3 izt |
27,20 0.3 2.03 5.3 b s/2", 7/2*
0.22 0.03 5.6 i 512", 1/2*
2473,0 0,45 0.06 5.2 sfz*, 772t
2494,8 0.05% 0.038 6.0 32", sp2*, 72t
255047  0.45 0.04 4.9 3f2*, s/2* {Seen)
2584,1 0.052 0.0l 5.7 szt

(444



Ehergy Absolute a FTA f_t. Hote < nosl . L'.’xl',ui AT
{reV) E + 2 Branch” { ey )

~2000  p0.2k - <62 v

~2390 > 0.9 - <52 3

~2110 >0.048 - <6,3 13

~2535 #»0.003 - <7.1 13 Probal:ly {ieen)

~25%0 30,006 - £6.7 S ‘;}?\*, fet

~2590  »0.002 - <71.0 K

~2600 > 0.015 - <0,2 = } “aitintet

~2620  >0.003 - <45.7 x

~2685  »D.002 - <6.5 k]

Rrhix is the number of decays to this level per .00 deeays of 107C4,
bAn uncertainties are one standard deviation,
€A zero p’/m branch to this level was aszumed,

The intensity balance resuits in a negotive p+/}12 feeding. The log fi 1limit is the result of adding the
uncertainty value to the calculsted value, If Lhis reaulting feeding was still nepative, the log ft limic
was obtained by assuming a maximum feeding of 0,1 rclative gamma-ray units,
"me intensity balance results in a positive p+/ fC Teeding, bul due to the large uncertainty a zero beta
branch cannot be ruled out, The log ft value is regarded essentizlly as a lower limit.

f‘4’.'hh level is thoupht to be two separate levels. This feeding and log £t value represcnt decay to both

levels. The log ft value, then, is a lower limit for each level.
¥l g2 257
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IABLE ¥II (comt.)

“ﬂne log It limits arise from performing the intensity balance using only the transitions which can
uhawbiguously be aszigned to the level of the given J¥ .

irnis feeding and log £t are the limits resulting fram performing the intensity balance usivg all
multiply mssigned (dotted) transitions,

111115 feading and log ﬁ are the limits resulting from performing the intensity balance omitting all
wultiply assigned (dotted) transitions,

Krtese are levels which may be placed at E- , (Bt 25.5)- , or (E+ 53,2)-keV. The approximate energy
value is the Y-ray energy (tbese are labeled "A" in the Y-ray 1ist) plus ~25 keV,

Lrne {34e,d) data is from the work of Anderson and Kraushaar (7°An).

pee
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of the decay of 55.5-min 5/2% 109ca. Tne levels along with
their properties as determined in this study and in the
lo‘Fd (JHc,d) 1°5Ag reaction study (75An) are tabulated in
Table XII. The notation in Figures 46-51 is the same as in
Table XII. Encrgles and relative intensities of the y-rays
are tabulated in Table X and presented on the figures ver-
tically above the y-ray transition line with 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 converaion 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 chserved :in the
»esulting 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 rslative
intensity value is an upper limit or transitions which are
also placed elsewhere in the level scheme with ne evidence
0 support one placemant over the other. These transitions
are indicated in Table X by parentheses placed around the
transition assignment.

In making intensity balances to determine direct

5+/£C decay feeding to the lasvels af 105Ag. I assumed that
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+ 105

there was no direct B+/Ec decay from 5/2 Cd to the ground

state {1/27) or to the 53.2 keV excited state (9/27). The

1°5Cd of 28G0 ¢ 100 keV of Wapstra and Gove

Qpc value for
(71Wa) and the log(f; + ‘;) tables of Gove and Martin (71Go)
were used to calcui;Ee izagg 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,
At the time this investigation of the decay of 1°5Cd

was initiated, only one excited state was firmly established
in -05

25.5 keV which decays principally by a highly converted

Ag (74Bel). This was the 7.23-min isomeric level at

transition to the ground state of 1°5Ag and by a 0.34% EC-
branch to 9%pa (5330, 69Ho, 72Kr). During the course of
this investigation, the excited states of loshg were studied
via the lo‘Pd (3H0.d) 105Ag reaction by Anderson and Kraushaar
(75Anl), Their data were used to aid in the placement of
lavels and the assignment of spin and parity values.

The second excited state of loshg wag obsarved in the
{3Ho,d) reaction and is placed at 53.2 keV on the basis of
a 27.70~keV transition (to the 25.5 keV lavel} as well as
the cbservation of numerous 27.7 keV differences between
strang y-rays. Thae levels at 246.87, 433,24, and 877.81
keV were chserved in the (Juc.d) reaction, and their energies
ares bhased on cbserved y-transitions to the ground state,

In additien, 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 CBHe,d)
reaction and is placed on the basis of a 346.37- by
640.46~keV coincidence as well 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
the (3He,d) reaction. The firat 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 keV is placed by 346.87- by 896.61~
keV and 432.24~ by 910.10-keV coincidences. The level at
1294,89 keV waa observed in the (3He,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
1441.7 keV were cbserved in the (3He,d) reaction and are
placad by voincidences indicating feeding to the lavel at
987.3 +eV. The level at l416.1 keV was placed on the basis
af a strong 1416.10~ by 892.21-keV coincidence (= 2308.31
keV) indicating a cascade from a level at 2308.30 kev
which is sstablished by other coincidences. The level
placemsnt at 1416,1 keV rather than at 8§92.2 keV is supported
by the failure tc cbssrve any coincidences higher in enerqy
than 1416 keV in the 887-895 keV coincidence gate, although
the background above 1416 keV was virtually nil. The levels
at 1557.84 and 1586.94 keV were seen in the (*He,d) reaction
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study and are placed on the basis of y-rays of these energies
as well as numeroua 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~
kev. The (3He,d) reaction study observed an excited state
at 1635 * 4 keV. My proposal that there are actually two
excited statee is based on the observation of strong ;~-tran-
siticns 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 seen in the (3He,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 5%.2 kaV levels (1693.34- and 1665.65-
k¥, respectively). These transitions were both observed
in the coincidence spectrum from the 604~ 612 keV coincidence
qata,

The lavels at 1750,03 and 1794.4 keV were both seen in

the (3He.d) reaction and are placed on the basis of coin-
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cidences indicating feeding to the level at 1327.9 keV as
well as several additional coincidences. The tentative
level at 1884.9 keV is placed on the basis of the observa-
tion of a high-spin (1 = 4) level at 1880 : 6 keV in the
l3He,d) 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 ¢f 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 (3He,d) reaction study and were pléced on the basis
of soincidences indicating transitions from all three to the
1087.1 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~
keV coincidences and was observed in the (3He,d) reaction
study.

The level at 2249.48 keV is established by numernus
coincidences, including 346.87- by 1902,79-keV, 961.84~ by
1262,24-keV, and 1644.02- by 579.97~keV. The level at
2256.5 keV is established by coincidences indicating tran-
sitiona to the levels at 433.24 and 346.87 keV, A level
was soen at 2255 : 7 keV in the (3Ha,d) reaction and undoubt-
edly is ons of thess two states. The =zxcited state at
2300.4 keV im placed by one good coincidence, 1388.48- by
858, 95-keV. as well as by two marginal coincidences and

sevaral precise energy sums. The leval at 23208.30 keV is
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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 986.91-kev.

The level at 2326.13 keV ia established by eight good
coincideaces 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. 1In the (3Ho,d) reaction a multiplet of excited
atates 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, inciuding 346.87~- by 2053.60-keV and 961.84~
by 1413,24~keV.

The lsvel 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 tha same as the excited
state observed at 2420 * 7 keV in the (3Ho.d) reaction.

The levels at 2447.20 and 2473.0 keV are placed by
coineidences indicating transitions to the 987.3 keV level

as wall as by additional coincidences and several good
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energy sums. The excited state at 2550.47 keV is placed by
coincidences indicating transitions to the leveis 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-
lyiny excited states and otherwise unassigned Y-rays.

Nine additionai excited states are listed at the end
of Table XII, two or threec of which may have been observed
in the (3He,d) reaction study. These nine levels involve
unassigned v-rays which either cannot be placed into levels
above 433 keV because of Qpc 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 EY plus
25.5 keV, however any one of three level energies is possible
as is noted in a footnote to Table XII, No other y-transi-
tions listed in Table X couid be placed from these nine
levels, (27 different possible level energies) to any
established levels, hence the calculated logft values are

given as upper limits,

D. Snin ond Parity Assignnents’

The spin and parity (J™) assignments of the levels of
195c4 observed in the s¥/EC decay of 55.5-min 5/2% 1%%cq
are prossnted in Figures 46-5)1 and in Table XII. These
assignrents are based on logft values for the B+/Ec decay

of 105Cd, the 2~transfer valuas determined in the lo‘Pd

i&g/aaST
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(3He,dl 105Ag reaction study (75Anl), the y-ray de-

excitation patterns between lcvels, and some systematic con-

105

silderations. The ground atates of 105Cd and Ag have been

measured to be 5/2% and 1/27, respectively (69Fu). The

1°5Ag has been assigned as 772*

25.5 keV isomeric state in
based on L-conversion subshell ratios of the 25.5-keV
transition which favored an E3 transition (53Jo0, 74Bel).
The 7/2+ assignment is also suggested by analogy with the
107&9 and 1°9Ag 7/2+ E3 isomeric states (69Ho, 74Bel).

The 53.2 keV level was cbserved in the (3He,d) reaction
with an g-transfer value of 4, limiting its spin and parity

assignment to 7/2+ or 9/2+. The large Czs spectroscopic

4
factor obtained, indicative of strong singli particle char-
acter, together with general shell model considerationsg
favor the 9/2+ assignment. The 9/2+ assignment is also
suggested by analogy with 1°7Ag and 1°9Ag, both of which
POSEeRS a 9/2+ excited state lying just above the 7/2+
isomaric state in energy (71Be, 72Be2). The 9/2+ assign-
ment is consistent with the lack of any cbserved transitions

from the eight definite 3/2+ excited states of 103

Ag to
the 53.2 keV lsvel.

The excited states at 1294.89 and 1586.84 keV were
observed in the (aﬂc.d) reaction, sach with an RL-tranafer
value of zero., Hence, they are bhoth assigned as 1/72%
states. The logft limits of »8.1 and »8.4, respectively,
are consistent with second forbidden BY/EC decay. All

transitions placed out of each of these levels are con-
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aistent with being M1, El, or E2 transitions deexciting a
172 state.

The eight excited states, 1557.84, 2156.3, 2249.48,
2308.30, 2333.26, 2400.37, 2422.99, and 2429.19 kev, all
have logft values <5.7 and have strong y-branches to the
172" ground state. Thus, they are all assigned as definite
3/2+ states, consistent with allowed e+/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 L-value of 2 determined for this level in the (3He,d)
reaction study. All transitions placed as deexciting these
eight levels are consistent with being M1, 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 weare all observed in the (3He.d) reaction via
strong L= 2 transitions, limiting their J" assignment to
3/2*% or 5/2*. All five levels are observed to decay via
strong y-branches to the 9/2+ state at 53.2 keV, hence
they are all assigned as definite 5/2+ states. Their logft
values, all <6,2, are consistent with this assignment.

The excited states at 346.87 and 877.81 keV were
observed via t= 1 transitions in the (3He.d) reaction,
limiting their Jf asa:ignments to 1/2° or 3/2”. The observa-
tion of a strong y-transition from 5/2% 1750,03 kev level
to the 346,87 keV level requires a 3/2° assignment for the
346,87 keV level, It has been suggested (75An) that the
§77.81 keV lavel is 3/27. This is also suggested by
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107 108

arialogy 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
(3He.d> reaction and an L-value of 3 was suggested (74An).
The large logft value (310.1), the observation of a prompt
y~transition to the l/2” ground state, and the observation
of a strong feeding from the 3/2+ 1557.94 keV level suggest
possible assignments of 1/2%, 1/27, 3727, or 5/27. The
obsexvation of strong transitions to the 433.24 keV level
from = 4 states at 1794.4 and 1523.0 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 bs 3/2+. 5/2*, or 7/2+ based on having logft values

5.7, indicating allowed R¥/EC decay. The 2256.5 keV level
is aspigned as 5/2% based on the observation of strong
¥~branches to the 3/2" 346.87 keV levsl and to the §/2°
433.24 keV lavel. 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
transitions solely to the 7/2° 25.5 kev and the 8/2% 53,2
keV states. They are not diractly fed Ly gt/re decay and
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are not fed from any 3/2+ states. They are fed by vy~
transitions from established 5/2+ states. Hence, they are
both assigned spin and parity of 9s2%,

The nine levels, 208l.7, 2300.4, 2314.6, 2328.03,
2371.74, 241%.2, 2447.20, 2473.0, and 2550.47 keV, all have
logft values 5.€ and are hence limited to J" values of
32%, s72%, 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 3/2°
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 placemgnt of the
2300.57-keV transition to the 1/2° ground state. The 2314.6
keV level is limited to 3/2% or 572" by a transition to
the 1/2% 1586.84 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 limiced to 5/2% or 7/2* only if the 2274.83-
keV dashed tranaition may be placed to the 9/2% 53.2 kev
lavel,

In the {aﬂl.d) reaction a strong &= 2 transition was
observed at an anergy of 1635 = 4 keV. I have placed two
excited states at 1635.8 keV, one with " = 5/2* and the
other with 3" = 3/2%, on tho basis of transitions to the
lower-1ying 3/2% states (one of which was confirmed by

coincidence data) and a strong transition to the 1/27
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ground state. The evidence for the placement of two levels
is as follows: (l.) a 1071.65- by 538.67-keV coincidence
{1097.1 + 53B.7 = 1635.8 keV}, (2.) a 1582,56-keV transi-
tion placed to the 53.2 kaV level (1582.6 + $3.2 = 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 1635.81- by 613.50-keV coincidence.
The first two points place an =2 5/2+ level at 1635.8 keV;
the third point places an =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 372" and the 5/2% leveis at 1635.8
keV. The logft limits for each of these two levels result
from using only the transitions which can be unambigquously
placed as deexciting one or the other level. The logft
value of 5.3 is the result for the iwo levels considered
simultaneously and must be regarded as a lower limit for
#ach lavel.

Of the remaining twalve excited states, eight are fed
dirsctly by the B+/lc decay, having lcgft values ranging
from 6.0 to 7.4, These are the levels at 1243.41, 1386.3,
1656,2, 1669.5, 1690.7, 1884.9, 1885.9, and 24954.8 keV.
All are limited to spin values of 3/2, 5/2 or 7/2, consistent
with allowsd or first forbidden 8'/EC decay. A 0" value of
$/2” is suggested for the 1243.41 keV level as it desxcites
to levels with J' cf 3/27, 5/27, and (possibly) 7/2+ and is
fad from 3/2° and 5/2% levels. values of 3/2%, 3/27, ama
5/1* 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
1386.3 keV level im limited to 3/2% or §/2% by its t-value
of 2 determined in the (°He,d) reaction. A 7/2” assignment
is suggested for the 1656.2 keV level as its only transition
is to a level of negative parity with J »3/2. A 3% 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

772" ana 3/27 levels, and the laick af an observed transition
to the 1727 ground state. The 1630.7 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 baing 5/2% or 7/2%, The levels at 1884.9 and
1385.6 keV are assigned as 772% (2) and 5/2% or /2%, respec-
tively, based on the (3H|.d) reaction study which observed

an i= 4 transition with some possible 1= I component at

1880 ¢« 6 koV (74An). The 2494.85 keV level is assigned even
parity based on the logft value of 6.0 (indicating a probable
allowed 8¥/EC transition).

The fou: remaining states (1023.68, 1042.68, 1166.7,
and 1416.1 keV), which may have no direct B*IEC feeding, are
a1l assigped odd parity and 3/2 € J « 7/2, consistent with
first forbidden s*/:c decay and with the lack of any ob-
served transitions to any lower-lying even parity states.
The 1023.69 keV level is suggested toc be 5/2° or 7/2° on
the hasis of a possible (dashed) transition to the 7/2+
25,5 aV state., The 1166.27 keV state is suggested to be
3/2” or 5/2" as it was obsarved in the (JHe,d) reaction.
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The nine additional states listed at the end of
Table XII and having no definite energy placement are
suggested to he positive parity states with 3/2< 7 < 7/2.
With only a single transition apiece placed out of them,
they eack still have logft values <7.1, suggestive of
being fed in allowed B*/Ec decay.

E. Discussion.
This investigation of the decay of 5/2* 55.5-min
105Cd has offered the opportunity to examine the chu.acter

of a large number nf xcited rtates in 1°5Ag. There are now

1OSAg below 2.7 Mev

49 excited states firmly established in
and an additional ten states which are known to exist but
capnot be definitely placed. On the basis of the y-ray
desxcitation patterns and the logft values observed in thia
study, and using the t-tranafer values of the 1D‘Pd(JHe.d)
1°5Ag reaction study (75Anl), I have been able to assign
unique spin and parity values to over half of these excited
states, No detailed theoratical calculationa of the levela
of lns&q have ever been raported. The general features of

of 10559 may be

the low-ennrgy ( <2 MaV) level structure
understocd, however. by examining the level snergy system-
atics of the nearby odd-mcas nuclei and by comparing the
*oslg laval structurs with the results of a recent calcu-
lation of 19?'1°’Aa levels by Parr (73Pa) who uscd a three~
proton hole plua quadrupole vibrator model.

The levels of 105Ag provide an extension of both the
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isotonic, N=58, and the isotopic, 2=47, odd~A level system-
atics. In Figure 52, I show the level systematics below

1 MeV for the N=58 odd~mass nuclel from 2=41 to Z=47 (73J0,
74Ko, 74Meld). Also shown is the position of the one-phoiion
exevitation in each appropriate even-even core (2-1, A-l)

and in the Sn-core (IOBSn) in the case of losAg {69B1, 69Ya,
Fi, 7018, 728i2). The unfilled proton shell model orbitals
for these odd=A nuclei are the 2p1/2 and 197/2 orbitals.
Thus, the low-lying 172" and 9/-2+ states may be understood

as being single (quasi=)proton states. The 1/2° state falls
to become the ground state in 1°3Rh and 105&9 as a conseguence
of the pairing energy being greater in the higher-J 199/2
orbital (63Ki). The low-lying 3/2; and 5/2: hlalCs may be
explained aza being the states expacted from the coupling of
the 291/2 single proton atate with the one-phonon core ex-
citation, The aystematics of the S/ZI and T/ZI states are

of special interest, however. The 5/2; level drops dramati-
cally to just 15.6 keV in 101!:. As the Eirst 7/2% state

in b is not known, the fall of the 7/2; level is not

12;1“53 does not

shown, however, the first 7/2° atate in
ocour until at least 1 MeV {/5Me). %he Lehavior of tlhese
states cannot ba explained in terms of a quasi-particle-
plus-phonon wodel or an intermediate coupling model, The
nearest 5/2+ and 1/2* single proton orbitals are located
in the next major shell, and no particle-phonon coupling
calculation sufficiently brings down the 5/2% state in T

or the 7/2° atats in Tc, Rh, and Ag (63Ki).
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Figure

The low-snorgy (<1 MeV) level systematics
ot the N = 58 odd-mass nuclei (this work
and 73J0, 74Xo, 74Me3). Also shown is the
position of the one-phonon excitation in
sach appropriate sven-even core (6981,
6%Ya, 70Ei, 70Ta, 725e2).
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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 (199/2);;2 for

1°5Ag, experimental evidence supporting this

the state. 1In
configuration is provided by the measured magnetic moment

of the 7/2+, state of :4.31 nuclear magnetons (69Fu}. It
has been noted (69Ho) that, based on the empirical magnetic
moment of +5,53 nm for a ('199/2)-1 configuration determined
from the odd=A indium nuclei, a pure (199/2);52 state is
expectad 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 quadiupole vibration
model znd 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, (199/2};32. In both
calculations, the explicit treatment of the Pauli principle
in the valence shell results in the [(J'z)2 J”ll maltiplet
beaing split, with the J-1 coupling being brought down and the
other four couplings (J-2, J, J+1, and J+2) heing raised.
This effect is particularly strong in the caze of the 199/2
orbital, as the configuration (tlgslz)zzmakea a large con~
tribution to the one phonon excitation in this region. Thus,
a lou~lying 7/2% state with the configuration (199/2);;2

is predicted for Tc, Rh, and Ag nuclei, The low-lying 572t
state in Tc (and Rh) has not been treated in detail, although
Kuriyama gt al, (72Ku, 74Kul} have suggested that the five
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quasi~particle I(Jz)2 (Jz)2 J'] configuration, which results
in the lowering of the J-2 coupling, might be responsible.
Kuriyama et al. have also demonstrated (74Kul) that the
coupling between a [(J-z)2 J'll configuration and the single
quasi~particle J-2 state frow the next shell (2d5/2) results
in the lowering of %he J-2 state.

Datailed calculations of levels other than the 7/2%
anomolous coupling state have been reported (73Pa) only for
an “average" 107'1°9Ag nucleus. In Figure 53, I present
the systematics of the odd parity levels observed in the
cdd-mass silver nuclei (69Be, 69Sc, 71Be, 72Au3, 74Pa,
75An2) along with the calculated odd parity levels (73Pa).
Also shown are the first and second 2¥ state in each appro-
priate even-even {(palladium} core nucleus (6%9Ro, 70Pi, 72s8i2,
74Be2) and the first 2t stata in each appropriate tin "core”
(6%Co, 69Ya, 70Br). The theoretical calculation appears
to reproduce the level ordering ard spacing very well up to
at least 1 MeV. It may be noted howaver, that an intermediate
cumpling model calculation might well result in an equally
good fit to the experimental data. In that model, a pair
2p) ;; Plus one-phonon states with J* = 3/27 and 5/2" are
sxpscted near the first core phonon energy. and five 2p1/2
plus two-phonon states ranging from JT = 1/27 to J¥ = 9,27
ars sxpacted in the vicinity of the two-phonon energy. In
point of fact, the three-hole plus quadrupole model deter-
mines configurations for these states which ars largely
l(lq,/ziaz 29;}21 plus one phonon {or two phonons} in

character,
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Figure

53. The systematics of the odd parity levels
obgsrved in the odd-mass wilver nuclel
{this work and 69Be, 69Sc, 71Be, 73Au3,
74Pa, 75An2). Also shown are the calcu-
late® odd parity levals (73Pa) for an
®average” 107’1°9Ag nucleus and the
positions of the phonon excitations in
sach appropriate palladium cors (G9Ro,
70Pi, 72512, 74Be2) and each appropriate
tin "core" (65Co, 6%Ya, 70Br).



245

[} naad

20— e

215 e B

- 2 e—————

3 —

IS 2L e

e

26
an ars
]
e
[ ]
2
v
v Lic
2

216 e e e

22 i waraeuaed - I
MN ) Garuan; - @)

t
RETERTPE)

PIRTTLETEY
atey

S

20

s

o ¥
Gnrk»u_
an an
e
JP7
R s
®

ar
it
2
s l-lllll .
v s v
]

208 2T 2

2 em————

3| e—————m



In Figure 54, I present the low-energy systematics of
the sven parity levels in the odd-mass silver nuclei (69pe,
6380, 71Bc, 73Au3) along with the levels calculated for an
"average" 107'10959 nucleus. As in Figure 53, the Pd and
5n core quadrupole vibration excitations are also indicated.
The snergy scale has been adjusted so that zero energy
corresponds to the 7/2+ anomolous coupling state. It is
Clear from the lack of states near the Pd core one-phonon
excitation energy that an intermediate coupling model cal-
culation would fail to account for the observed level struc-
turss. The three-~hole plus phonon model, however, appears
to explain the two major features of the level structures.
The first of these is the low-lying 7/2+ anomelous coupling
state. The second is the large gap between the 9/2+1 lavel
and the next even parity level, generally a 5/2+ state. Thia
latter characteristic is particularly evident in loshg and
1°7Aq and becomes less apparsnt as the phonon snergy decreases,
reflecting a “softer® nucleus. Al)l ©of tha possible states
resulting from a thrae-hole plus quadrupole vibration cal-
culation have not been calculated, therefore, it is not
possible to muke a more detailed compariscn between the
axperimsental data and the theoretical predictions in the
case of the sven parity excited stites.

I have observed major electron capture branches (logft
% 5.5) from 5/2% 195ca to 17 levels in *%5ag between 2300
kaV and 2600 keV, In the cases of three lsvels in particular,
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5.

Figure

The low-snergy (<2 MeV) systematics of
the even parity leavels observed in the
odd~mass silver nuclel (this work and
§9Be, 69Sc, 71Bs, 73Au3). Also shown

are the calculated even parity levels
(73Pa) for an "average" 107'10939 nucleus
and the positions of the phonon excita-
tions in sach appropriate palladium core
(69Ra, 70Pi, 725i2, 74Be2) and each appro-
priate tin "core" (6%Co, 65Ya, 70Br).
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2326.13, 2333.26, and 2550,47 keV, the decay branches are
aspacially strong, having logft values of 4.2, 4.5, and 4.9,
respectively. The shell model valence states for 1°5Cd and
loshg are 1!7/2. 293/2, and :I.cyg/2 for protons and 1q7/2,
2d5/2, 2d3/2' 381/2, and 1h11/2 for neutrons. The only
single nucleon EC~transition which is not p-forbidden is
nlqg,2 to v1q7/2. In 111sn decay this transition has been
observed to have a logft of 4.8 (7l1Ra), and the g~ transition
in 1171n decay, v1q7/2 to "1q9/2' has been observed to have
a logft of 4.4 (70Ba). The electron capture decay data for
105:6. therefors, suggest that the strongly fed states
{logft % 5,5) above the neutron pairing energy (~2.1 MeV)
are principally one~proton-two-neutron states. The EC-
decay mechanism would then involve the transition from sr2t
195cq, assumed to be in the [x(lgy,,)3 v, (235,11, con-
figuration, to one of the many 3/2*, 5/2*, or 7/2+ states
in 105“9 reasulting from the configuration:

(v 1930y vy 550 va 197/201,2,3,4,5,603/2, 572, /2"
In the lo‘rd core, a large number of even parity states with
1 <J <6 have besn observed in the vicinity of 1.8 to 2.7
MeY, and several of these have been suggected as condidatez
for being two guasi-particle atates (69Di, 71Do, 71Mu,
728i2), It seems likely thit several of these ars two

neutron states, and that ¢ne »y* states in 1°5Ag ray be

sxplained by a coupling batween the 195/3 hole state in

104

195&0 and the two-neutron states in the Pd core.

Tha strong s*/tc-d.eay branch from 5/2+ 1°SCd to the
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7/2+ anomolous coupling stats, with logft = 5.4, is some-
what difficult to unasrstand in view of the predicted
(199,2);32 configuration for the 7/2 state. The single
fucleon 3+/Ec transition, wlg,/2 to “2d5/2' is second for-
bidden, leading one to expsct a much higher logft value
( 210}). In light of the preceding discussion of g+/£c-decay
machanisms it seems likely that this transition must involve
a ﬂlg,/z to vlq7/2 transition. Thus, the ground state of
1ost must have some amount of the seniority thrae config-
uration

(15305 rag,0)3° Vidz alsys
mixed into it. The ”199/2 to vlq7/2 a*/Ec transition
would then result in leaving losAg in the

[inlgy 5037 trlgg )70 (vlgy 031, ,
configuration, the proton part of which is just the
(199/2];32 configuration suggested for the 7/2+ anomolous
coupling state. If the “bare” 119,/2 to vlq7/2 transition
is assumed to have a logft value of 3.8-4.0, then the
observad logft valus of 5.4 could be accounted for by a
mixing of only 2.,%=4,0% seniority three configuration into
the 1DSCd ground state configuration. This is not unreascnable
in view of the sxpscted occupancy of the u1q7/2 orbital in
R = 57 nuclel ¢l°5Cd) and in view of the predicted prevalence
of the (tlg,,zlzz two-proton hole configquration in the silver
nuclei.

In conclusion, it is clear that 2 three-hole model of
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some type is necessary in order to sxplain the 7/2+ anomo-~
lous coupling state observed in the odd-mass silver nuclei.
The three-hole plus guadrupola vibrator model of Parr success-
fully explains many of the characteristics of the low-energy
level structures in the cdd-mass silver nuclei, however
further theoretical calculations are needed in order to make
more detailed comparison betwesn theory and experiment.
More detailed level calculations using the dressed three
quasi-particle model of Kuriyama et #'. are also needed.
»ing & large number of well charac zed excited states,
= level structure of loshq can now provide a good test

of this theoretical work. It should be noted, howaver,

2

that any theoretical model must include nv® configurations

among its basis states in order to explain all of the

105

observed even parity levels in Ag.

NOTE ADDED IN FRCCE

Just before the finmal printing of this manuscript, a preprint
reporting the results of a stiny of the 107ag (p,t) QgAg reaction
(R, N, Del Vecchio, I, C. Celrich and R. A, Naumanun, J, Henry
laboratory and Frick Chemical laboratory, Princaton University,
Princeton, New Jersey 0BS540 and to appear in Phys. Rev. £12 (1975))
vas brought to my atteniicn, This study mlong with reexamination
of the results of my work provides the following definite J¥
assigoments (E(JM): 877,81 (3/2-}, 1023,68 (7/2-), 042,68 (5/2=),
166,27 (9/2=), (2276 (5/2+),, and 2314,6 {7/2+) keV, These
assigmments have been indicated in Figs. 46 to 54 although the
text 56111 indicates the assignments originally made without any
kpowledge of the (p,&) reaction study,




APPENDIX I
COMPUTER PROGRAMS

In order to facilitate the handling of both one- and
two-parameter nuclear decay scheme data, several computer
programs were written for operation on the University of
Maryland UNIVAC 1108 computer system. All of the programs
are written in either UNIVAC Assembly Lanquage or in RALPH
{which is FPORTRAN as compiled by the U. of Md. FORTRAN/MAD
Compiler). All of the programs operate under the current
U. of Nd. UNIVAC 1108 system with Exec 8 and conform to the
current specifications as described in the UI. of Md. Computer
Notes (70UM, 71Ci, 71Re, 73UM) and the UNIVAC Systems
Reference Manuals (70UN, 73UN1, 73UN2, 74UN).

Most of the programs deal with either the reading of
data from magnetic tape, or the output of apectral data in
special formats, or the processing of two=parameter coincidence
data. Gsneralily, these programc are specific to the UNIVAC
1108 system with RALPH compiler and to the specific primary
data acquisition svstems (Northern Scientific coincidence
system (71Apl} and Packard multi-channel analyzer). Thus the
computer codes will not be given here, hcwever descriptions
of tha basic subroutines and main programs, along with their

usaes, follows.

A. Subroutines,
1. TARRD
This is a RALPH subroutine which reads tapes, writes

252
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tapes, and writes end-ocf~file (EOF) marks on tape. It employa
the Executive Request, IOWS (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 follows:

To read: CALL TAPRD(NAME,BUF,SIZ,NWD,NCH,RET)
To writet CALL TAPWT(NAME,BUF,SIZ)
To write EOF: CALL TAPEF (NAME)

NAME = Pilename (max. of 6 characters).

BUF = Array to be read or written.

51z = Number of words to iaad or write.
NWD = Actual number of complete words read.
NCH = Number of excess characters read,

RET = Statement number for return if EOF read.

2, YREAD

YREAD ia an assembly language subroutine developed
at the University of Maryland (735i). I modified it so that
its sole function is to read wmagnetic tape regardless of
density, parity, or tape condition. To do this it employs
the UNIVAC arbitrary device handler {(73UN1l). The calling
nrogram is informed of any tase reading errors and has full
discretion on how to handle them, The routine iz called as

follows:

CALL XREAD (INIT,ARRAY ,NWD,STATUS ,PARITY,DENS,REC)

INIT = FORTRAN logical unit number of tape.
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ARRAY = Array to be read (integer).
WD = Maximum size of ARRAY.

STATUS Returned status of read.
PARITY

DENS = Density to assume during the read.

Parity 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 erroxs. It employs the Executive
Request, IOWIS$ (73UN1), to do this. At the end of each read
a status word is returned by the taps drive. This word is
then examined bit by bit in order to determine if any errors
oocurred (73UN2). Befors calling this routine from a main
program for the first time, an alternate entry point must be
called to met up the handling of any error recovery. Before
swapping tapes on a multi-taps job, thies error recovery must
be cleared and than re-established aftor the swap. For most
tape reading arrors (particularly parity errora), the data
is raturned to the calling program as read along with a CODE
variahble specifying the naturs of the error. The calling
program then has full discretion on how to handle the data.
The routine is called as follows:

To sat ¥p3  CALL SETURR(FILE,DATA,MAX,DECK)
T0 clear: CALL, CLRAR{FILE,DATA,MAX,DECK)}



255

To read: CALL READER (NW,NC,CODE,RET1,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 = ILogical 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.
RETlI = 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 PEADER except that it initiates messages to the
computer eperatoir’s console in the event of a tape drive
power~drop. it tells the operator to just restart the drive
withnut 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 l.) 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 primaxy

version of READER,



5. STCRAl

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
RAI "H (73UN1l, 71Re). 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 STORALl(STAT)
STAT = Status word from tape drive.

[NOTE: This routine must be included when using either version

of AEADER.]

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 (stopoing 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 XSKIPF(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.
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DECK = Logical variable indicating a
7-track or S%-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, IOW$ (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,HAX)
To write EOF: CALL TAPEF({FILE)

To rewind: CALL REW(FILE)

FILE

2-word array for the filename
(maximum of 12 characters).

BUF = 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 vaiues 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



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. RCRNCH

This is a RALPH subroutine which reads datia 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
nunber 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.

+6T, 0, for incomplete sgpectrum.

LT. 0, for disordered data deck.

10, LPLOT
This is a RAIP} subroutine whivh uses the line printer

to plot a spectrum 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 PRINTS, ,PR

The iirst 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.

LABEL 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 inserticn of the following two control
cards at the start of the computer run stream:

@SYM PRINTS, 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,LABEIL,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, ADDER

This is an assembly language subroutine which increments
or decremen:s a particular channel of a 4096-word spectrum.
It is used ih particular whan 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 Aivide operations (integer divide



by 2, at 10.125 usec per divide} it uses one bit logical
shifts (at 0.75 usec per operation). It also maintains the
proper sign convention in half~word arithmetic by performing
half-word operaticne with sign £ill (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 reducticn
and analysis of two-parameter coincidence data. All are
written in RALPH and involve several of the subroutines just
described. They are deeigned 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 tane, 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 losa of several hundred
coincidence events is of little consequence when dealing with

several million events.



1. ANyoup
This wrogram is the first step in the reduction of

coincidence data. It employs the following subroutines:

READER (modified), STORAl, MOVE, and HPLOTL. Its principle
purpcse is to read the raw coincildence data tapes (written

by the Northern Scientific coincldence 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 charnel
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" svent (eg. YXXYXYYXY 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 tima considerations. In future analysis all of the
valid data must be acannsd and gates set on one or bgth of the
paranstars. Howsver in the raw data format the data are in
code, contain invalid events, and are on tape ai a relatively

low dansity. 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 3/4 " of
blﬁnk 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 REALER)
ignoring any files in whi:h any type of tape reading error
occurs. It finds all valid pairs, decodes the Y-event, and
stores each palr 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. 1In typical operatior.,, 4 to 4.5 raw
data tapes are condensed to on2 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-channel 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 Qata 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.



¢.) Input tape file control cards ===~
@AS3,TMO COINC,8C,NC_ N,NC_N.....
QUSE 12,COINC
(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,B8C9,NC_ R,NC_ Ruu...
RUSE 13,0UTANY
(There must be at least 1 tape per 4 input tapes.)

e.) Data cards ===
CARD 1 ==~ I2,I2,15,12,1I2

MPAPES = Number of input tapes.
ENDFL = Normally left blank.

= 1, if one or more tapes end
early.

STOUT = Number of good 500 word klocks
on first output tape. Leave
blank unless rerunning the job.

PLTFLG = Blank if plots are desired.

= 1, to suppress plots (Co this
on reruns to save time.)

EFFuAG = Blank, then input tames end
with >3 EOF marks.

= 1, then input tapes end with
only 2 EOF marks.

CARD 2 === 16I5 (optional)
This card is used only when ENDFL = 1,
Then each value indicates wuen 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 ANYOUT was run
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several times, processing the raw data tapes four at a time.
In these 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 40%6-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.

¢.) Input tape file control cards ==--
OASG,T VALIDPAIRS,BCB,NC__N,NC__N.....
QUSE 12,VALIDPAIRS
d,) Data cards =---
CARD 1 --- 1I2,1X,I4

NTAPES = Number of input tapes.

LSTBLK = Number of 500 word records
on last cape.

3. GATES

This is the principle program used in the analysis of
coincidence data. It scans the master tapes produced by
ANYOUT getting one to ten gates (restrictions) on one of the
parameters. For each gate, a 4096é-channel spectrum of

coincident events is produced. This spectrum is printed,
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plotted (HPLOTL), 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 st on only one of the
two parameters (X or Y). Each gate is specified by six

numbers which must be monotonically increasing:
G <Gy €63 €G; <G <Gy &

G; and G, specify the low-energy background gate; Gy and G,
specify the peak gate; Gy and Gg spacify the high-energy
background gate. All gate limits are included in the specific
gate, Two separate gates may overlap on background gates,
hut no part of any other gate 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
channels, 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 the malfunction by inputting a value ror 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.} 1Input tape file control cards =~--
@BASG,T VALIDPAIRS,8C9,NC__N,NU“_N.....
QUSE 12,YALIDPAIRS

d.} Output tape file control cards ==-
@ASG, T SPECTRATOTAL,BCQ,NC__R
QUSE 13,SPECTRATOTAL

e,} Data cards =-=-

CARD 1 --- 1I2,A},I2

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 klank except in

the event of a rerun when it
equals the number of already
completed tapes.

CARDS 2 - 11 (MAX,) ==~ 6I4

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 outnut 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
panched 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 specificaticns 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 w==
’ 3ame as output tave for gates.

e.,) Data cards =-=-
CARD 1 =--- 3I2

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 cardes from run of GATES.

Cards ==~ Up to. 20 spectrum decks as
produced by this program.




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 svectra. The user may specify a number of spectra to
skip and then w number to read.

The input specifications are as follows:

a,) Computer time estimate =--- about 4 sec. per spectrum.
b.) Page estimate --- 12 pages per specirum.

c.) Input tape file controi cards --—-
@ASG, TMO SPECT.BC,NC__N
QUSE 12,SPECT

d,) Data cards w=~-
CARD 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. NORRD
This program uses 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



data are printed. The user has the options of skinping

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, plug 6-~8 seconds ver tagword search.

b.) Page estimate =--~ 12 pages per spectrum.

c.) Input tape file control cards ---
@ASG,TMO SPECT,8C,NC__N

@USE 1.,SPECT

d.) Data cards =--

CARD 1 --- 14,14,08,14,I4

SKIP
READ
ITAG

MODE

IPASS

Number of EOF ma:r 3 io skip.
Number of spectra to read.

Blank, if there is no tagword
search.

8 digit octal tagword to be
searched for through the number
of spectra specified by READ.

Blank, then print only the
spectrum with the given ITAG.

0, then print this many spectra
starting with the tagged spectrum.

Blank, then each spectrum of
glven ITAG will be printed

(but only if MODE=0Q).

0, then search will continue
until this many spectra of a
given tagword are found.

More than one data card may be used. The tape will be rewound

each time 1f ITAG ¥ blank and IPASS > 0 and IMODE = blank.

Otherwise, the program will continue down the tape, applying

sach data card ia turn.
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3. CALIB4

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
fourd to be faster and more accurate than the standard matrix
inversion (using Gauss-~Jordan recduction) technique for
performing least-squares polynomial fits (69Wa).

The input channel~energy data is fit by polynomials of
first through twelfth order when possible. 1If the number of
input data points, N1, is less than 16 then the maximum order
fit is Nl=-3. The kest fit is found subject to the conditions
that it be monotonically increasing over the total spectrum
and that it be a significantly bhetter fit than the first-
order (linear) fit. The formula for this best fit polynomial
as a power series is output along witi: 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.)
b.)

c.)

d.)

Computer time estimate -~- 30-40 seconds.
Page estimate --- 50 pages.

Control cards needed bhefore the data deck ===~
@MAP, I

LIB UOM*MSLIB.

QXQT,FS

Data cards ---
CARD 1 =~~~ 1I5,I5,I5
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) -~~~ 8F10.3

These cards contain input data pairs as
centroid, enerqgy, centroid, energy, etc

CARD X+1 to ¥ (as needed) --- B8Fl10.%: (optiornal)

These cards 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 IT

CALCULATION OF THE I.T. BRANCH AND THE GROUND

131Tem

STATE S8-BRANCH IN DECAY

The determination of the 182,2~keV M4 I.T. branch for
131Tem is complicated by the fact that the 182.25-keV tran-
sition was diecovered to be an unresolved doublet with one
component. being the I.T. and the other being a transition in
1317 (2124 to 1931 keV). Thus the total decay intensities
for both 131'1‘em and 131Teg 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 131Tem B-decay

31

branch directly to the ground state of 1 I. As this ground

state B-branch is determined by observing the growth and decay

of 131 13179 cample initially chemically

purified to remove iodine, a value for the 131Tem I.T. branch

I activity in a

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.

131

The total Te¥ g-decay activity of a transient

equilibrium 131pe™9 gource is determined from: 1.) che

131

intensity of a pure Ted y~ray in the equilibrium source,

Ia {(Table I ), 2.) the intensity of this same y-ray in a
pure 131T¢3 source, Ig {Table II ), and 3.) the total g-decay

intensity of the pure 131pa9 gource, Tqe in relative y-ray

273
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unite. This last quantity is obtained by summing the inten-

gities of ali y tiansitions to the ground state of 131y

131

obaerved in the decay of the pure Te? source (Table II).

These intensities must be corrected for internal conversion,

and the total sum must be corrected for direct pB-decay to the
131, (which in thie case is zero (63De)).
h 131Tem

ground state of
The total 131Teg activity, Te' in eguilibrium wit! is
then given as

Ty = IeTq / :g . (IT-Ad)

13159 y-ray with the least uncertainty

The most intense pure
in intensity is the 997.16-keV transition. For this transition

the right-hand guantities in eq. II-Al are (in relative units):

I, =19.52 0.9
Ig = 48.5 z 0.2 (II-A2)

Tg = 1467.8 * 1.6

resulting in a value for T of
Te = 530. % 27 . (II-A3)

To determine the total 13lTem g8-decay activity, it is
first assumed that there is no direct fg-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 602.0S5 keV
to these three levils ard ground are summed (Table I )to get

131Tem.

a total vy intensity, S The total B~decay intensity of

m’
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Tm' is related to Sn and to the fraction of 131Tem B~dacay
directly to the ground state of 1311, X, as

Tm = Sm / (1=X%) . (IX-n4)
The value of Sn is

Sm = 1893 45 , (II-A5)

Assuming that 131’1’eg is in transient egquilibrium with

131Tem results in an expression for the total 131Tem activity

(B=decay plus I.T.) of
T = '1‘m + Te(l- t1/2,g/t1/2,m) ’ (II~AB)
where the half-lives (tl/z) are

tl/z,g = 25 minutes

(II~-A7)
tl/z,m = 30 hours .
The I.T. activity is then given by the expression
Trp = T Byp {II-28)

in which BIT is the I.T. branch value (ie. the fraction of

131

total 1311.' decay resulting in 7e9). The assumption of

trancient equilibrium results in the expression

Tt /T, = 1-C129 7ty 0 (T1-A9)

Uning eqs. II-A3 through II-A8 to sukstitute into eq. II-A%
and solving for By results in the expression:
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BIT = 582 / [1893/(1-X) + 582] , (II-A10)

in which *X" is as in eg. II-Af,

B. The Ground State 5-Branch.

The growth and decay of 1311 activity was observed in

1310™9 gource tnitially chemically

a transient equilibrium
purified to remove iodine. The decay chain which was

observed is:

Ar

I =mmames

131 131Xe
2 (II-All)

in which the following variables are dcfined:

the amount of 131Tem

131

Q x
L}

= the amount of *“re¥

= the amount of 1311

or 131Tem g-decay

1 4 lalTem I.T. decay

= the decay consiant £
= the decay constant fo

= the decay conatant for 131Te9
131

I SR < R I
] -~ W

= the decay constant for I, (II-A12)

-

The change in I with respect to time is given as

S = Mg MEA G- T (11-A13)
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2%
The amount of l"Tem present at any time, t, is

=A.t =A,t
Mt) = Moe Y e 8
-th
= M e (II~a14)

where AT is the total decay constant for 131Tem 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

expreasion

—‘ﬁ"g- = A, M-2 G, {TT~Al5)

Solution of this differential equation for G as a funstion of
time yields the familiar equation for the growth and decay of

a daughter activity,

G(t) -ﬁx—lﬂotev -eq’
+ G, e . {II~A16)

Using eqa. II~Al4 and II-Al6 to substitute into eg. II=-Al3
results in the differential equation:

At -\t
ar T q
b i AB o © + AgGO e - RII
ALA M -A -2 _t
+ AJ--S—:— te Y-e 9) {11~a17)

g Y

This is solved by aﬁsuhing a solution of the form

'lIt
I =ue M {II~A18)
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where "u* is to be determined. Differentiating eq, II-AlB

gives

XIt

-t -
AL e ghre T ar-ag

= -=ul. e
at I

Substituting for I and (4AI/dt) in eq. II-Al7 results in the

following differential equation for u :

du_ =(p=Aplt -(kg~AI)t
’?t— ABMO e + ;\gGo e
. A A M, e-(AY-AI)t
(xg-xy)
AAM ={A_=Ag)t
+—X9g0 o 5T (II-A20)
(Ag-AY)
which upon integration yields
A (A=A )t
- 8 M, e ks ]
(AI =Aq
. A:A M e-(AT—AI)t
(Ag-AY)(AI-Ay)
(II1-A21)

-— 9%
(agmh,) (Ag=Ag)

A M, SOgmape

A =(A ~Ap)t
R L ¥
(AI-Ag) [~} + C
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where *C" ig a constant of integration to be determined at

zerd time. Substitution for u in egq. II-Al2 gives

A M -2t -x. t
ey = Bo ¢ T +ce I

(p=Aq)

ALA M -t
b — g T

(ag=Ay) (Ag=2))

AA M =it
-——tgo_ 9

(hgmhy) (Ag=2 )

A.G -t
o ___ 9 (II~222)
(AI-Ag)
Setting t=0, solving for C, and substituting for C in this

equation yields a total expression for I as a function of time:

A At ALt
) = —2E — mofe T -e T
(hg=hg)
AAM At =Agt
& —— e ¥ -e I ]

(Ag-AY)(AI-AT)

A A M -t =it
- _7_.___1_5.2____ [e 9 -e I
AgmAyd (Ag=dg)

A
..._——-_g——(;o[eg-
(g=ag)

+ I e . (I1-a23}
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The activity of an unstable nuclide is given by

A = Ai (€8] (II-A24)
where i} is the amount of the nuclide present. Assuming that

the 131

131Tem I.T. activity at time zero results in the relationship,

7e¥ activity is in transient equilibrium with the

Y g 5 - -p
Ay / a; = (Ag XY)/Xg . (I1-A25)

wWriting eq. II~A23 in terms of activities and substituting

for Ag using eqg. II-A25 results in the following expression

131

for I activity as a function of time:

alte) = ap 1(0)

A At ALt
= I AE[GT"GI]
OgAg
Y At At
r—29 e V- T
(g=ry) (p-1,)
“At
+ alet (II-A26)

The 8 and y (I.T.) activities of 131re™ are related as
Y B - -
AY = A% B,/ (1-Bpp (11-a27)

in which Byp is the I.T. branch value as determined in eq.
II-A)0, Upon substituting eq. II~A27 into eq. II-A26, there

are only four variables to bhe determined: AI(t). Ag, Ag. 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:

5,3 = Peak area at 773+774-keV, at time t.
P§54 = Peak area at 364+4365<keV, at time t.
E773 = Detector efficiency at 773-keV.
Ejgq4 = Detector efficiency at 364-keV.
(II-A28)
From the decay schemes of 131Tem (this work, Table I ) and

1311 (74Mel), the activities of 131Tem ard 1311 are

B = - -
A" (t) 1.893 P;73 /[E773(1 X)1 (II-A29)
and

altey = 10, /m0,) = 0.031(P5,5/R,,4)1/0.806 .
(IX1-A30)

In eqg. IT-A29, "X" is the fraction of the 131Tem g~decay

which proceeds directly to the ground state of 1311. Egquation
II=-A30 contains a term dependent on P;73 due to the unresolved
364.4F-364,98-keV doublet observed in sources containing both
lalTem and 1311,

Using eqs. II-A27, II-A29, and IX~A30 to substitute

into eq. II=A26 and solving for X results in the equation

X = 1 =1 (1.893) 0.806 B3, (B;pq) "t {F} x
[(P3gu/B3gq = 0+031P5,/Rqys) =

KItl -1 )

(IX~A31)

o o =
(P364/Bagy = 01031P5;4/Eqqpa)



in which {F} is a function of By, and is given as

A ~Apt “A t
fF}l=e —X _ (e T .o'1
(Ag=Aq)
B Ar A =t =it
N T ‘1 *g vE Y,
(1-Bpy) (g=A,) (Ag=2)
(II-332)

To calculate {F} the decay constants (1)} are as follows:

A; = 3.610 x 1073 hrl
- -1
Ay 1.663 hr
Ap = 2.310 x 1072 nr7t
A, = Brplg (11-A33)

C. Iteration.

To accomplish the calculation of B and X, I first

iT
assumed an initial value for X of

X =¢.06 £ 0.02 (lst iteration). (II-A34)

This is the previously measured value (65De) with an assumed

uncertainty. Using eq. II-Al0 results in a value for BIT of
Bip = 0.224 = 0,014 (1lst iteration). (1I=-A35)

In order to determine X using eq. II-A3l, two 4000 second

131 1

live=time counts were made on a Te™ plus 131, sample; the

first just after chemical purification to remove iodine and
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second approximately two days later. The measured

parameters in the notation of egs. II-A3l and II-AJ2 vere

PS,3 = 640,128 : 1075 counts

2054 = 91,214 * 800 counts

5., = 233,714 ¢ 662 counts

pf,, = 357,208 + 892 counts

Eggq = 1.07 £ 0.01 relative units

Ejzgq = 2,28 + 0.02 relative units

t = 46.90 hours. (1I-A36)

Using the values in eqs. II-A35 and II-A36 in egs. IT-A3l and

II-A32 results in

X = 1~ {8} {F} (I1=-237)

with

The
not

for

The

{s} = 6.984 * 0,295
(1st iteration) (II-A38)
{F} = 0.1340

value of {S} does not change with each iteration as it is
a function of Byme This gives a first iteration value

X of
X = 0,064 + 0.039 (1st iteration). (II-A39)
second iteration results in the values

Byp = 0.223 2 0,016
(2nd iteration). (II-A40)
X = 0,068 + 0.038

third iteration results in the values



Byp = 0.222 0,016
{(3rd iteration). (II-A41)
X = 0,068 + 0,038

A3 the values are changing very slowly, the calculation is

terminated with the third iteration. The absolute ground

state B-branch is given by the expression

Xapg ™ X (1-Bpp) . (II-A42)

Thus the final values for the percentage branches of lalrem

1311 ground state are:

decay by I.T. and by B-decay to the
I.T. branch = (22.2 % 1.6) %

Ground state f-branch = (5.2 1 3.0) & .
{I1-A43)



APPENDIX III
CALCULATION OF THE g~FACTOR OF A ONE~PROTON-
TWO-NEUTRON THREE QUASI~PARTICLE STATE

(This calculation is based on material in 63sh,

pages 52=55 and 519-522.)

The magnetic moment, LAY of a state, JM, i= given as

uy = <IM|p | aM> (II1-A1)

where J is the total angular momentum of the state, M is the
component of J along the direction of an external magnetic
field, and | is the magnetic dipole moment operator given as
- (i) i
Ho= i (g, zi'z + g ’i,z) . (III-A2)
In the ahove equation the summation is over all nucleons,
with g, and dg being the individual nucleon orbital and spin

g-factors, respectively, and with &; , and 5,2 being the

z
single nucleon orbital and spin anguiar 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

Che nuclear magneton = eh/4wmpc (III-A3)

285
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where e is the positive unit of charge, h is Planck's constant,
mp is the proton mass, and ¢ is the speed of light. 1In this

unit the orbital g-factors of the proton and neutron are

9ip) - 1
(III~-A4)
g™ = 0
and the spin g~factors are
58) = 55855
(I11-A5)

g™ = -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-Al with J = M. The measured magnetic
moment is related to the g-factor, g, of the state under

consideration by

Uy = g9J . (IIT-AS)

Thus by calculating the magnetic moment, Hgs and knowing the
total angular momentum, J, one can calculate the g-factor of
the state under consideration.

The thres~quasi-particle states under consideration
consist of one unpaired proton, ¥, and two unpaired neutrons,
v and v,. Each of these nucleons has an individual magnetic
moment opsrator (i, ﬁvl' or Evz) and magnetic moment (u .,
U,q¢ OF R0}, The total magnetic moment of the state, as
given in eq. III-Al, is *he result of a vector coupling of the
three individual magnetic moments., To accomplish this, one
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must work in terms of . "reduced magnetic mument."
The Wigner-Eckart theorem relates the magnetic moment

to the reduced magnetic moment as

uy = <IM | |am>

= -133M (ce) IIT} M (III-A6)

where {CG) 1c a Clebsch-Gordon coefficient given as

J 1 g
ICG) - ( )
M0 n (ITI-A7)

= («1)TMu s @z @t/
Since J = M, equation III-A6 becomes
uy = W 31T (111-A8)
in which the "Wigner-Eckart term," (WE}, is
WE) = 3/ 1302041 (3410112 | (ITT-A9)

This relationship holds for the tocal state, JM, as well as
for the individual nucleons: J M, ., J,1Mp10 and 3, oM, .
In the single nucleon cases, J(i) and “(i) are the single
nucleon total angqular 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 Jl ad oY) 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



0,0 [H[1303,0) = (3,3,3[ {5+, 13,7,D)

= fugly, * fuyl
1l12 212 1

where

lulllz = (Jlaza|lﬁlllalaza) (III~Alla)
lugly, = (33,9110, 133,30 . (ITI~Allb)
As the two nucleons in their shell-model stutes are non-~

identical systams, |u1|12 and |u2|12 are given by the
following equations:

Jl+32+3+1
l“lllz = (=) {2J+1)
- (III~Al2a)
x {Ry} (3, (]u, )19
Jl+J2+J+1
luglys = =1 (23+1)
{I11~A12b)

x {R,} (Jz||;2||32) -

The reduced magnetic moment terms on the right sides of

eqs. III-AlZa and III-Al2b are related to the single particle
magnetic moments as shown in eqs. III-A6 and III-A8. The
terms, {Rl} and {R,}, are Racah coefficients and are given

by the following two equations:

3, I 3
{n,} = { ! 2
Jg 51 (III~Al3a)
J1+J2+J+1
= 1) Ty (3y+1) +T (T+1) =T, (T p+1)

2 lJltal+1)(231+1)J(u+1)(2u+1)]1/2

and
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J, J J
R} = &2 !
J Jz 1
(111-AL3b)
J1+JZ+J+1

-1 3, (3 #1343 (J+1) =T, (3 +1)

2 13,(3,41) (23,41) 3(3+1) (23+1) 1372
Thus for each coupling of a pair of non-identical systems

to a total angular momentum, J, one can define coupling
coefficients, {ci}, such that the reduced magnetic moment of

the resultant state is given as

(313,31 1ul1333,9) = {c 13y |15, 113y)
+ {13, ] Uy 13,)
(III-Al4)

in which, for example, {cl}. is given as
{4 = [(23+1) {Ry}| . (II1-A15)

In the cases w . "or consideration, the final state is
presumed to result from the coupling of an odd parity two-
neutron state in the 130!: core and an even parity single-
proton state. Thus, in ti"is calculation of the total magnetic
moment, the two neutrons are coupled and then treated as »
separate total aystem. This two-neutron system is then
coupled to the single proton.

The calculation bagins by assuming a msasurable single-
particle magnetic moment for each of the unpaired nucleons
¢TI Uy and u“z). Equation III-A8 is used to calculate

reducod pagnetic moments for sach 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. III-Al0 to III-Ald4)

A T EE ST AL A CI AL R I

+ HC )/ 198, 1y,

{III-Al6)

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

(3, 13,73,00N T U3 13,7 508 3} =

te I/ {WE 1) u +
{eg} e, 1/WE 111 v,y +

fog} HC M/ IWE LN uyy -

(II1-A17)
In this notation, {CN} is given hy
N 3 I
fogl = |[(204) |
J RN 1
= |(23+2) R} . (III-a1s}

The reduced magnatic moment in eq, III~Al7 is then transformed
into a measurabls magnetic momant by the use of eq. III=-A8
¥esulting in the following formula for uy:
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ug = {weEg) {C.) u, / {WE,} +
WEL} fey} o7} nyy / (WE,,} +

WE;) {cy} {c 5} u,, / {WE ,)} . (1I1I-A19)

Equation III-A5 is then used to calculate the g-factor of
the total state.

In calculating Wy using eg. III-Al9, two different
sets of values for the single-particle magnetic moments may
be employed. The first of these consists of the Schmidt
values (37Sh). These values are given by one of the two

following equations:

Hpucleon Zgz + q./z for J = 2+ 1/2

(I11~A20)
J
= —— [{i41)g, - g_/2]
J+1 17 %
for T = f=1/2 .

The first is applicable for statas in which the orbital and
spin anqular momentum of the nucleon are parallel (J=2+ 1/2),
and the second when they are antiparallel (J=2~ 1/2). The
variables, £ and s, are as in eq. III-A2, and the values of
9, and g, Are 4iven by eqs. IIT~A4 and III-AS.

The second set of values consists of the "empirical®
single-particle magnatic mowments. The empirical magnetic
momant may be viewed as the average of the measured magnetic
momants of the singla-particle states of interest in the
nearby nuclides, In Table AIII~1 ars liated l,) the proton

and neutron single-particle states of interest in 131:,



Experimental, empirical, and theoretical (Schmidt limit) single
nucleon magnetic moments for the shell model states of interest

1n 131,

Table AIII-1

Nucleus

Ref.

T O3 ermsc/,,
r leg, 2,836 133; (60A1) 1,717 o
2,738 131y (60L1)
2.617 129y (514a)
2,547 255 (69Fu)
2,51 Llgym  (69Fu)
2,578 B3 (6oru)
2.729 13%s  (571)
2.838 B (5m1)
v, am BIm (erma) B.7935 45
2,808 T (6ru) (@.73)
3.46 5 (687a)
2,67 Wiy (68aa)
3.45 W, (683a)
3.359 Py (69Fw)
3.537 Bleg  (65w0)
3,44 133em (eBea)
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Table AIII-1 {cont'd)
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uh;:i}::;-. '(‘ﬁfgi Nucleus Ref, ”Schmidt/ﬂ}:mp'
P 0,66 7pe  (7251) 1.18/4 g7
0.67 12900 (72s1)
0.60 12506 (Gumu)
0.6908 Blye  (69Fa)
0.68 MIs®  (69Fu)
0.70 Blsn  (67er)
oLy, L0 e (r2va) <1913, o
-0.93 1251 (7ava)
0,91 1270e™  (72ve)
“L15 1290 (72va)
-1 Wegm  (6814)
-1.09 g™ (s4By)
-1.04 Mdea®  (67ch)
»o38,, -0.7359 e (53We) -1l g 4
-0,8872 27e  (53We)
0,879 H3gn (670y)
! 0,918 gn {50Pr)
1,000 Wlsn  (50pr)
1,046 % (50er)
=0, 7768 9% (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 effact may be observed in the measured
magnetic moments of the 2d5/2 proton state. In the two

iodine nuclei the magnatic moment was measured to be ~2.8.

This results in u g=factor of =1l.1 (eq. III-aA5). The empirical
magnetic momant of 3.45 results in a g-factor of x1.4.
Almar st al. (73Al) have vroposed that the configuration of

1311 has an appreciable contribution

the 150 keV state in
{30~-35 %) from the configuration (197/2)3 5/2. It has been
roted by Stone et al. (68Stl) that the g-factor of a three-
quasi-particle state of the type (Js)J_l is exactly that of
a singles nucleon in the J-state. The empirical magnetic
mowent of the 197/2 praton state is 2,65, resultiny in a
g=factor of 20,76, Thus the mixing of the (1q7/2)3 5/2
contiguration with the 2d5/2 single-nroton configquration is
sxpacted to reducs the empirical g-fa.:or from =1.4, and the
magnitude of the sffect is nearly exactly accounted for by
the postulated 30=-35 % contribution of the three=proton

cluster configuration to the state.
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In the present three gquasi-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 «f the state in guestion
which makes it unlikely that the polarization and mixing are
the same as included by emplaying 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.



Table ATII-2

Calculated g.factors for the possible one-proton-two-neutron
configurations in 1311 which result in a spin and parity value
of 15/27. ZImpirical single particle magnetic moments were

used in the calculation.

Configuration
Calculated g-factor

Proton Neutrons
[ie7 o> (Whyy /50 33y 5p) 5-) 15/2- 0,26
Degjps (hyy/ps 35y )5) 6-] 15/2- -0.01
ep/ar (I pps 2d3,) k-] 25/2- 40,13
Degras () o 24, 5) 5-]15/2- +0.16
Qayjos (hyy/pr 2d3),) 6-] 1572 0. 14
gy por (18105 2d35,) 7-]15/2- 40,10
[ed5/ar (Lhyyjps 35y /p) 5-]15/2- +0,42
Bagjor (10 ps 35 5) 6-115/2- 40,08
[2&5:42, (lhn/z' 263/2) 5-]15/2- 40,33
(a5 jps 10y, o0 2d3) 6] 15724 +0,2k

[Pl s (W) as 2d3,5) 7-] 15/2- +0.13




APPENDIX IV

CALCULATION OF THE DIRECT B+/EC BRANCH TO THE

772% 25.5 kev sTate v 1059

The direct 8+/EC branch from 5/2+ lo5cd to the 7/2+

105, was determined by three different

1°5Cd sample was produced in a

105

25.5 kev sgtate in
methods., In the firet, a

short 14-MeV neutron irradiation and the Cd y~ray

105

activity (representing decay to all levels in Ag above

the 25.5 keV atute) was determined at the end of irradia-

5Ag activity in the sample was determined ~31

tion. The 10
days after irradiation by counting the sample in a known
geometry. The direct B+/EC branch to the 25.5 keV state was
then determined from the equations of radiocactive 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
106

sources of 5ll-keV y-rays in the apectrum (e.g. ag9,

10659“. and B+-£¢ed1ng to other 105

Ag levels). In the

third method, the 195a¢™ activity in transient equilibrium
with lost was observed to determine the total 1°5cd B+/EC
decay intensity. 1In all three methods, it was aasumed that
there is negligible direct B*/EC decay from 5/2+ 105cd to the
1/2” ground state or the 9/2% 53.2 kev excited atate in
105&g. The first method was expected to be the most precise

as the second depends strongly on some poorly determined

297
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in 106

branches Agg decay and the third depends strongly on

105, m

the value for the Ag EC-branch which has been determinad

to be (0.34 t 0.07)% (72Kr).

105

A. losag Growth in a Cd Sample.

A 1°5Cd sample was produced in a ten minute 1l4-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 extrapcla-
tion of the decay curve. The sample was then counted 45,019

105

minutes later to determine the 4l-day Ag activity present,

arising principally from the decay of 10503, 1f the follow-

ing parameters are defined:
= 105

Al Cd activity, 3
Az = 1n5Ag activity,
Ay = 10504 decay const., = 1,249 x 1072 min~l, ‘
A 105, g ., -5 . =1
2= Ag” dacay cont. = 1.174 x 10 ° min ~, (IV-al)
€y = end of irradiation = 0 minutes,
£ = time of late count = 45,019 min,
t = length of irradiation = 10 min, /

then the activity of losAgg at the time of the late count,
Aztt). is given by the following equation:

Az 'Alt --zt
Az(t) = x;—:—x; A () {e -e }
-Azt
+ Az(to, [ ] . (Iv-a2)

-Ast
Noting that e 1% 0 simplifies eq. IV~A2 to
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A2 =A,t
Az(t) - -A—Z-T-TJ-.' Al(to’ e
-lzt
+ Az(to) e . (IV-A3)
The activity, Az(to), is given by

Az(to) - Az(to)' + Az(to)" ’ (IV=-Ad)

where A, (t,)' is the 10

£ 105

Agg activity at t, arising from the
decay o Cd during irradiation and Aztto)' is the 105599
activity arising from direct production via the loscd(n,np)
nuclear reaction. Deafining Rl and R, to be the rates of
direct production of 105Cd and 10559' respectively, results
in the equations :

“hatp,

A}t = Ry 1 -~e

=, t -Aztb} (IV=-2a5)

and (since tb<<t1,2(1°5591)
Rplt)™ = Ry Ag £y (IV-A6)
The cross section for the (n,np) reaction has been cbserved

to ba ~10”° times the cross section for the (n,2n) reaction
near A=100 (66Go). Thus it can be eatimated that R2=10“3Rl.
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Noting that

-t
R = Ajit) [1-e 2271 (Iv-A7)
and that

=kt

a = 1 (IV-A8)

and substituting into eq. IV-A4 results in the following

equation:

Az (to) = Al “:O)

(IV-A9)

_At

-3 1% ,-1
+ 10 Az ty Al(tc) [1~e ] .
The eecond term is negligible when compared to the first,

hsnce

Ayity) = ait,) | (IV-AL0)

Substituting into eq. IV-A3 results in the equation for Az(t)-

21, =kt
A, {t) = - A, (t.) 8 o (IV-All)
2 1'" o
Ay = A

The activity of lnshgq at time = t was determined

from the activity of the principal 105&9 decay y-ray

(344,52~keV) by using the following formula:;



01

Ajlt) = Agg(t) (1 + ol o, (IV-A12)

in which AJ“(t) is the measured 3144-keV vy-ray activity,
O is the total conversion coefficient for the 344-keV E2
transition (68Ha), and F is the fraction of 193A¢9 ascays

leading to a 344-keV transition (74Bel). These values are

Aygy(t) = (5.883 * 0.060) % 104 photons/min

O = 0,019

(IV-Al3)
F = 0.4167 .

The IOSCd activity at time, t=0, is related to the
activity of the principal 1°5Cd y-ray (961.84-keV) and to
the direct A'/EC branch (B} to the 7/2+ 25.5 keV state by

the equation
Al(to) = A961(to) [16/1951) + B , (1v-Ald)

in which I, is the total transition relative intensity of
all y~-transitions in IOSAg feeading into the lower three
states and Ig61 is the 961.84-keV y~ray relative intensity.
Thesa are cbtained from the data in Table X as

IG = 10,330 & &0 (IV-AlS5)
and

Iggy ™ 1000 %7 . (IV-A16)



The value for Assl(to’ was determined by extrapolating
the decay curve of the 961.84-keV y-ray peak to t=0.
Tables AIV-1l gives the 961.84-keV y-ray activity in photons
per minute for each of eight successive thirteen minute

counts. The decay curve extrapolation resulted in

6
Agaa(t.) = (6,12 & 0.25) x 10" photons/min .
617" (1v-a17)

Substituting equations IV-Al and IV~Al2 through
Iv=2l7 into equation IV=All and solving for B results in
a value for the direct 8%/EC branch from 1%%cd to the 7/2*
25.5 keV state of 1°5Ag of

B = 0.514 % 0,040 . (IV-A18)



TABLE AIV - 1

Activity of 961.84 - kev r-ray in %74 Sample Produced
via a 10 minute 1060d {n,2n) 10564 Irradiation.

961,84 - xav fctivity
(phot.ons-min'l x 10'6)

Time after Irradiation
to Midpoint of Count

t
Aggy (®) o (days)
9% 0.150 0.01040
4113 0.141 0.02280
3.254 0,115 0.0335
2.882 0.110 0.0kkbs
2,172 0.083 0.05525
1.893 0,06k 0,06610
1.420 0,054 0.07700
1.173 0.036 0.08795
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B. positron Intenwitv.

In the y-ray singles spectra taken with the 50 cm3
Ga(Li) detector, tia S5ll=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 othexr than B+ decay from 1050d
to the 7/2% 25.5 kev 105

The first such sourcs considered was B+ branches to

1°5Ag excited states from loscd.

Ag sxcited state.
other An intensity balance
wa3 performed on all levels which could be fed in e+ decay
(i.e. levels with E 1800 keV) to determine their direct
B+/EC feeding, and the B+ contribution was calculated using
the log(fg /! £;) tables of Gove and Martin (71Go). The total
conttibu:;;n :; the 511-keV peak from this source was deter-
mined to be 114 : 20.

The second source of 5ll-keV y-rays considered was
106,.M aecay. Using the relative intensity value for the
106,5™ 451-kev y-ray from my spectra (29.3 : 1.5) and the
most recent 10‘55” decay study (73In), the contribution to

1°6Agm 511, 85~keV y=ray

the 511=keV peak intensity from the
wWas calculated to be 91 * 6.

In a similar manner, the 511.85-keV y~ray intensity
from lo‘Aqq decay was determined from my value for the re-
lative intensity of tha 622-keV IOGqu y-ray (13.8 * 1.0)
and the 19%A57 aecay study of Rao and Fink (67Ra). This
valua was 880 : 80,

The fourth source of 5ll-keV y-rays was the positrons
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1°6Aqg. This was determined

arising from the 3+ decay of
to be 6200 + 1200 based on the 622-keV y-ray intensity and
the decay study of Rac and Fink (67Ra). The large uncertainty
is due to the uncertainty in the absolute intensity (in y-rays
per 1DsAgg decay) of the 622-keV transition (74Be2).

The total 5l1l-keV intenaity remaining after subtracting
these four contributions is 17,000 : 1500, Noting that each
positron results in two 51l-keV y-rays and using the log(fg/E;)

tables of Gove and Martin (71Go) results in a total 5+/Ec

decay to the 7/2+ state of 15,900 = 1400 relative intensity
105

units. Using the value of 10,330 + 6C for all other cd
B+/EC decay {(eg. IV-Al5) results in
B = 0.61 £ 0.06. {IV=-Al9)

This is in reasonable agresment with eqg. IV-aAl8. 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 extranecus sources, such as SE and DE event

positrons, which were not considered.

c, 1u5l " T ient Fouilibri
As indicated in Table X, several y-rays arising from the
EC decay of 1°5AG' were observed in spectra of the 10504 source.

As these Y~rays were observed in spectra taken one to two hours
1csAgu

105

after irradiation, it may he assumed that the 7.23-min
activity was in transient eguilibrium with the 55.5 min cd
parent. The two activities, then, are relatsd by the eguation

Acg = AM (1~ ‘1/2"““/ "1/2‘“” . {IV-A20)
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The 1°5Agm activity, AAg, may be determined from the relative

intensity of the 1%%ag™ 319.23-kev y-ray (189 » 4) and the
absolute intensity, in y-rays per decay, of the 319,23«keV
transition (0.0017 % 0.0004) (72Kr, 74Bel). The resulting
value is

AAg = 111,200 ¢+ 27,500 rel.intens. units. {IV=-A21)

substituting into IV7A20 gives

A

ca ™ 96700 ¢+ 24,000 rel.intens. units. (IV-A22)

The total y-ray intensity feeding into the 7.23-min 7/2+
105,g™ £rom 195ca decay im 7070 ¢+ 40 (from Table X). The
remaining intensity represents direct 8*/ec decay to the
isomer, This results in a value for B (as in egs. IV-Al8 and

IV-Al19) of
B = 0.90 = 0.33. (IV-A23)

The large uncertainty ia the result of the large uncertainty
in the EC branch value for 10559m dscay. It may be noted
that a highar value for the EC branch would lower B and
bring it into closer agresment with the values determined

in Sections A and B,



375c
49Ha

49Ma
50Gu
50Pr
51ve

SlwWa

52Bo

52Ro

$3Bo

53700
53We
54Ch

S5Fo
55He
55Ma

57Ba

57La

575t

REFERENCES

T. Schmidt, Z. Physik 106, 358 (1937).

O. Haxel, H.H.D. Jensen, and S.E. Seuss, Phys. Rev.
25, 1766 (1949).

M.G. Mayer, Phys. Rev. 75, 1969 (1949).
J.R. Gum and M.L. Pocol, Phys.Rev., 80, 315 (13950).
W.G. Proctor, Phys. Rev. 73, 35 (1950).

N.F. Verster, G.S. Nijgh, R. vVanlLieshout, and
G.J. Bakker, Physica Acta 17, 637 (1951).

H. Walchi, R. Livingaton, and G. Hebert, Phys. Rev.
82, 97 (1951).

A. Bohr, Mat. Fys. Medd. Dan. Vid. Selsk. 26,
No. 14 (1952).

D. Rose, G. Hinman, and L.G. Lang, Phys. Rev. AS86,
B63 (1952).

A. Bohr and B.R. Mottelson, Matt. Fys. Medd. Dan.
vid. Selsk. 27, No. 16 (1953).

F.A. Johnson, Can. J. Phys. 31, 1136 (1953).
H.E. Weaver, Jr., Phys. Rev, B9, 923 (1953).

D.C. Choudhury, Matt, Fys. Medd. Dan. Vid. Selsk.
28, No. 4 (1954).

K.W, Ford and C. Levinson, Phys. Rev. 100, 1 (1955).
E. Hebb, Phys. Rev. 97, 987 (1955).

C.A. Mallman, A.H.W. Aten, Jr., D.R. Bess, and
C.M. de McMillan, Phys. Rev. 99, 7 (193S5).

J. Bardeen, L.N. Coopar, and J.R. Schrieffar,
Phys. Rev, 108, 1175 (1957}.

R.D. Lawson and J.L. Uretsky, Phys. Rev. 108,
1300 (1957).

H.H, Stroke, V. Jaccarino, D.S. Edmonds, Jr., and
R, Weiss, Phys. Rev. 105, 530 (1957)}.



58Bo

55Ba

59Ba2
60A1
60K1
60L1
60Ta
61Ba
61Fe

61lRa
61sh
62Pr

63De
63Ki
63sh
64By
64Hu

(1377

308

A. Bohr, B.R, Mottelson, and D. Pines, Phys. Rev.
110, 936 (1958).

A. Badescu, X.P. Mitrofanov, A.A. Sorokin, and V.S.
Shpinel, Izv. Akad. Nauk SSSR Ser. Fiz. 23,
1434 (1959).

S.T. Balyaev, Kgl. Danske Vid. Selsk. Mat.-Fys.
Medd. 31, No. 11 (1959).

S.S. Alpert, E. Lipworth, and M.B., White, Bull. 2m.
Phys. Soc. 5, 273 (1960).

L.S. Kisslinger and R.A. Sorenson, Kgl. Danske
Vid. Selak. Mat.-Fys. Medd. 32, No. 9 (196C}.

E. Lipwosth, H.L. Garvin, and T.M. Green, Phys. Rev.
118, 2022 {1960).

I. Talmi and I. Unna, Nucl. Phys. 19, 225 (1960).

A, Badescu, O.M. Kalinkina, K.P. Mitrofanov, A.A.
sorokin, N.V. Farafontov, and V.S. Shpinel,
Sov. Phys. JETP 13, 65 (1961).

J-M. Fergusson and F.M. Tomnovec, Nucl. Phys. 26,
457 (1961).

L.A. Rayburn, Phys. Rev. 122, 168 (196l}.
A. de-Shalit, Phys. Rev. 122, 1530 (1961}.

M.A., Praston, Physics of the Nucleus, (Addison=-
Wealey, RdiiIhgT Mass.,; I062).

S.H. Devare, P.N. Tandon, and H.G. Devare, Fays.Rev.
131, 1750 (1963).

L.S. Kisslinger and R.A. Sorsnson, Revs. Mod. Phys.
35, 853 (1963).

A, de-Shalit and I, Talmi, Nuclear Shell Theory,
{Academic Press, New York, 1963).

F.W. Byron, Jr., M.N. McDermott, R. Novik, B.W. Perry,
and E.B. Saloman, Phys. Rev. 136, B1654 (1964).

J.J. Huntzicker, R.B. Franke. N.J. Stone, and D.A.
Shirley, Bull. Am. Phys. Soc. 9, 741 (1964},

AN, lLane, Nuclear Theory (W.A. Beniamin Inc,,
New York, 4).



65De

6€5Go

65Mo

65Wa

65Wo

66Go

66Gr

67ah
67A1
67Ba

£7Bel

67Be2
67Ch

67Dy

67Go

7Gxl

67Gr2

308

S.H. Devare, R.M. Singru, and H.G. Devare, Phys. Rev.
140, B536 (1965).

M. Goldhaber and A.W. Sunyar, in Alpha-, Beta~, and
Gamma~Ray Spectro.copy, edited Sy K. $Iegbahn;,
{North-Holland, Amsterdam, 1965),

S.A. Moszkowski, in Alpha~, Beta-, and Gamma-Ra;
Spectroscopy, edited by K. siegbahh, orth-
Holland; Ignterdam, 1065).

W.B. Walters, C.E. Bemis, and G.E. Gordon, Phys. Rev.
140, B268 (1965).

R.D. Werley, V.J. Ehlers, W.A. Nierenberg, and
H.A. Shugart, Phys. Rev. 140, B1483 (1956).

M.D. Goldberg, S.F. Mughabghab, S.N. Purohit, R.A.
Magurno, and V.M, May, BNL-325, Second Edition,
Supplement No. 2, Brookhaven National Labora-
tories, 1966 {(unpublished).

G. Graeffe, C.W. Tang, C.U. Coryell, and G.E. Gordon,
Phys. Rev. 149, 884 (1966).

N. Ahmed, Nuovo Cim. 48, 2567 (1967).

G, Alaga and G. Ialongo, Nucl. Phys. AS7, 600 (1967).

M. Baranger, in Nuclear Structure and Nuclear Re-
actions, Procesdings of the International summer
chool of Nuclear Physics, Varenna, Italy
(Academic Press, New York, 1967) edited by
M, Jean and R.A. kiccl.

L.M. Beyer, G, Herzins, and W.H. Kelly, Nucl. Phys.
A93, 456 (1967).,

L.M. Beyer, W.H, Kelly, Nucl. Phys. Al04, 274 (1967).

R.L. Chaney, M.N. McDermoutt, and B.A. Myers, Bull.
Am. Phys. Soc. 12, 891 (1967).

A. Dymanus, M.H. Prior, and H.A. Shugart, Bull. am.
Phys. Soc. 12, 1046 (1967).

G.E. Gordon and C.D. Coryell, J. Chem, Ed, 44, 636
(1967) .

A. Graue, F, Jastad, J.R. Lien, F. Torvund, and W.H.
Moore, Nucl. Phys., AlQ3, (1967}.

G. Grasffe, E.J., Hoffman, and D,G. Sarantites,
Phys. Rev, 158, 1183 (1967).



67Le

67Ma

57pxr

67Ra

§7Ta

68Au

68Bo

6BBr
68ca

68Ha

68Ja

68La

68Ru

68Stl

69Be

69B1

§980

$9Ca

310

G.M. Lederer, J.M. Hollander, and I. Perlman, Table
of Isotopes, 5ixth Edition, (John Wiley and Sons
New York, 1967). !

R.D. Mattuck, A Guide to Feynman Diagrams in the
Many Bodx Problem, (McGraw H , New York, 1967).

M.H, Prior, H.A. Shugart, and P.A. Vanden Bout, Bull.
Am. Phys. Soc. 12, 904 (1967) .

P. Venugopala Rao and R,.W. Fink, Nucl, Phys. Al03,
385 (1967).

P.N. Tandon and H.G. Devare, Nucl. Phys. 3102, 203
67).

R.L. Auble, J.B, Ball, and C.B. Fulmer, Phys. Rev,
169, 955 (1968).

M. Bormann, A. Behrend, I. Riehle, and 0., Vogel,
Nucl. Phys. All5, 309 (1968).

D. Brinkman, Helv. Phys. Act. 41, 367 (1968).

L.E. Campbell and G.J. Perlow, Nucl. Phys. Al09,
59 (19¢8).

R.5. Hager and E.C. Seltzer, Nucl. Data A4, 1
(19 -

A.D. Jackson, Jr., E.H, Rogers, Jr., and G.J. Carrett,
PUC-937, 288 (1968).

N.S. Laulainen and M.N. McDermott, Bull. Am. Phys.
Soc. 13, 357 (1968).

M.L, Rustgi, J.G. Lucas, and S.N, Mukherjee, Nucl.Phys.
All7, 321 (1968).

N.J. 8tone, R.B. Frankel, and D.A. Shirley, Phys. Rev.
172, 1243 (1968).

G. Bsrzins, M.E, Bunksr, and J.W. Starner, Nucl.Phys.
Al26, 273 (1969).

A.G. Blair, J.G. Beery, and E.R. Flynn, Phys. Rev,
Letters 22, 470 (1969).

A. Bohr and B.R, Mottelson, Nuclear Structure: Vol. I

81nE1--Particlc otion TW.A, Benjamin, New
orx, -

D.C, Camp, in Pxc ings of the International Con-

ference on Nadioactivit ~and Nuclear Spectraosco
TN S s SESCIORCORY

VYel. I, 135




69Co

69D

69Fu

63Ho

690k

63Pe

&9Ro

695¢c

6585t

69Wa

69Ya

6920

70APY

T0Ap2

70Ba

70Bx

70EL

311

F.E. Coffman and J.H. Hamilton, Nucl. Phys. Al27,
586 (1969). _

D.L. ?itme{ and W.W. Daehnick, Phys. Rev. 187, 1553
863} .

G.H. Fuller and V.W. Cohen;Nucl. Data Tables AS,
433 (1969).

P.K. Hopke, R.A., Naumann, E.H. Spejewski, and A.T.
Strigachev, Phys. Rev. 187, 1704 (1969},

K. Okano, Y. Xawase, S, Uehara, T. Takeuchi, and
T, N¥ayashi, Ann. Rept. Res. Reactor Inst.
Kyoto Univ, 2, 83 (1969).

L.K. Peke), Praceedings of the Fourth Winter School
for Nuclear Theory and High Energy Physics,
Part 1, 167 (1969). Akad. Nauk SSSR, Leningrad.

R.L. Robinson, F.K. McGowan, P.H. Stelson, W.T. Milner,
and R.O. Sayer, Nucl. Phys. Al24, 553 (1969).

W.C. Schick, Jr. and W.L. Talbert, Jr., Nucl. Phys.
Al28, 353 (1969).

C.L. Starke, E.A. Phillips, and E.H. Spejewski,bNucl.Phys.
Al39, 33 (1969).

R.H, Wampler, J. of Research of the National Bureau
of Standards, B. Mathematical Sciences 73B
59 (1969).

T. Yamazaki and G.T. Ewan, Nucl. Phya. Al34, 81 (1969).

W.H. Zollex, Ph.D, Thesis, Massxcausetts Institute of
Tachnology, 1969 (unpublished).

K.E. Apt, W.B. Walters, and G.E. Gordon Nucl. Phys.
Al52, 344 (1570).

K.E. Apt, (unpublished), Los Alamos Scientific
Laboratory, private communication (1970).

P.A. Baedecker, A. Pakkanen, and W.B. Walters, Nucl.Phys.
Al55, 607 (1970).

G. Bruge, J.C. Faivre, H. Faraggi, and A. Bussiere,
Nucl. Phys. Al46, 597 (1%70).

J. Eidens, E. Roeckl, and P. Armbruster, Nucl. Phys.
Aldl, 289 (1570).



70F1

70Gr

70Ka

70Ma

70p1

70Ta

70UM

70UN

71Apl

71Ap2

71Be
71ci

71De

71bo
716e

71iGu

7lHe

312

E.R. Flynn, J.G. Beery, and A.G. Blair, Nucl. Phys.
Al54, 225 (1870).

R.C. Greenwood, R.G. Helmer, and R.J. Gehrke, Nucl.
Instrum. Methods 77, 141 (1970).

H. Kawakamli and K. Hisatake, Nucl. Phys. Al149, 523
{1970) .

E.S, Maclas and W.B. Walters, Nucl. Phys. Al60
274 (1970).

J.A. Pinston and F. Schussler, Nucl. Phys. Al4d,
42 (1970).

H.W. Taylor, A.H. Kukoc, and B. Singh, Nucl. Phys.
Al4l, 641 (1970).

University of Maryland, UNIVAC 1108 Exec 8 Math-Pack
User’'s Guide, User Reference 70-03 (Computer
Science Center, Univ. of Md. - June, 1970).

UNIVAC 1108 Multi-Processor System, Processor and
Storage, UP4053 Revision 1, Sperry Rand Corp.,

K.E. Apt, Ph.D, Thesis, Massachusetts Institute of
Technology, 1971 (unpublished).

K.E. Apt and W.B., Walters, Phys. Rev, Letters 26,
1183 (1971).

F.E. Bertrand, Nucl. Data Sheets B6, 1 (1971).

R.J. Ciecka and G.R. Ryan, A Guide to Assembly Lan-
guage Programming for the UNIVAC 1108, Computer
Note CN~9 (Computer Science Center, Univ. of Md.-
Sept., 1971).

M.K., Dewanjee, I.L. Preiss, 0.B. Okon, and H. Bakhru,
Bull. Am. Phys. Soc. 16, 80 (1971).

T.A. Doron and M. Blann, Nucl. Phys. Al7l, 273 (1971}.

N.B. Gove and M.J. Martin, Nucl. Data Tables Al0,
205, (1971).

R, Gunnink and J.B. Niday, UCRL - 51061 Vol. I,
Vol. II, Vol. III, Vol. IV (1971 and 1972).

R,G. Helmer, R.C. Greenwood, and R.J. Gehrke, Nucl.
Instrum, Methods 36, 173 (1971).



71Xa

71Ku

71Mal

71Mu

71Ra

71Re

71Se

71Wa

72aul
72Au2
72Be

72Be2

72Bo

72Go

72Ho
72K0l
72Ke2

72Kr

72Ku

72Ku2

313

Y. Xawase, X. Okano, S. Uehara, and T. Hayashi,
Nucl. Phys. Al6e3, 534 (1971).

A. Kuriyama, T. Marumori, and X. Matsuyanagi, Progr.
Theoret. Phys. 45, 764 (1971}).

E.S. ?ICial and W.B, Walters, Nucl. Phys. Al6l, 471

1).

F. Munnich, A. Kjelbarg, and D.J. Hnatowizh, Nucl.Phys.
Al78, 97 (1971).

S. Raman and H.J. Kim, Nucl. Data Sheets B6, 39 (1971).

B.X. Reid, A Guide to Programming with RALPH, Computer
Note CN=3 (Compute¢r Science Center, Univ. of Md.,
July, 1971).

R. Seltz and N.M. Hintz, C00-1265-116, 97 (1971).

A.H. Wapstra and N.B. Gove, Nucl. Data Tables A3,
267 (1971).

R.L. Auble, Nucl, Data Sheets BB, 77 (1972).
R.L. Auble, Nucl. Data Sheets B7, 465 (1972).
F.E. Bertrand, Nucl. Data Sheets B7, 419 (1972).

F.E. Bertrand and D.J. Horen, Nucl. Data Sheets B7,
1 (1972).

R. Booth and H.H. Barschall, Nucl, Instrum. Methcds
99. 1 (1972).

G.E. Gordon, V.E. Viola, Jr., and W.B. Walters, MNC-
4028-0004, 40 (Progresa report - 1972).

D.J. Horen, Nucl. Data Sheets B8, 123 (1972).
A. Kerek, Nucl, Phys. Al8S, 497 (1972).

A:. Kersk, P, Carle, and J. McDonald, Nucl. Phys.
Al98, 466 (1972).

K, Xrien, E.H. Spejewski, R.A. Naumann, and H. Hubel,
Phys. Rav. C6, 1847 (1972).

A. Xuriyama, T. Marumori, and K. Matsuyanagi, Progr.
Theoret. Phys. 47, 498 (1572).

A. Kuhfield and N.M. Hintz, CO0-1265-226, 77, 1972
(unpublished).



72Px I1.L. Preiss, CO0-3464~10, 1972 (unpublished).

728 R.E. Silverans, R, Coussement, E. Schoesters, and L.
Vanneste, in Procoodinas of the International
Confersnce on Nuclear Moments and Nuclear
tructure, Osaka, 1972 (J. Phys. Soc. Japan
4 supplement, 421 (1973)).

7258i2 N.C. 8inghal, Noah R. Jolinson, E. Eichler, and J.H.
Hamilton, Phys. Rev. C5, 948 (1972).

72T G. Tirsell and L. Multauf, (unpublished}, Lawrence
?i;;;?oro Laboratory, private communication

72va L. Vanneate, R. Coussement, G. Dumont, H. Pattyn,
E. Schosters, and R.E. Silverans, in Proceedings

of the Intcrnltional Conference on Nucleax
uclear Structure, Osaka, |

Homents 1972
. Fﬂyl—'ﬁoc Japan 34, supplement, ‘423 (1973} ).

72Wa W.B. Walters and R.A. Meyer, Bull. Am. Phys. Soc.
12, 907 (i972).

73Al1 R. Almar, Q. Civitarese, and F. KrmpotiE, Phys. Rev.
€8, 1518 (1973).

73Aul  R.L. Auble, Nucl. Data Sheets 9, 1537 (1973).
73Au2 R.L. Auble, Nucl. Data 5Sheets 9, 125 (1973).

73Au3 R.L. Auble, F.E. Bertrand, Y.A. Ellis, and D.J. Horen,
Phys. Rev. C8, 2308 (1973).

73Ba H.H. Barschall and E. Goldberg, IEEE Trans. Nucl.
Sci. N520, 472 (1973).

73Be F.E. Bartrand, Nucl. Data Sheets 10, 91 (1973).
23In H. Inove, J. Phys, Soc. Japan 35, 957 (1973).
73Pa V. Paar, Nucl, Phys. A211, 2% (1973).

7320 B.W. Renwick, B. Byrne, D.A. Eastham, P.D. Forsyth,
and D.G.E, Martin, Nucl. Phys. A208, 574 (1973).

7381 K, 8ibbald, (unpublished) computer Science Center,
Univ, of Maryland, private communication (1973).

73T0 ReR. Todd, W.H. Kelly, F.M. Barnthal, and W.C. McHarris,
Nucl. Data Sheets 10, 47 (1973).



315

73UM University of Maryland, UNIVAC 1108 Reference Manual,
CN-13, ed, by A.E, Pottala, (Computer Science
Center, Univ., of Md, ~ March, 1973).

73UNI UNIVAC 1100 Series, Exec 8 Programmer Reference Manual,
UP-4144 Revision 3, Sperry Rand Corp. (1973).

73UN2  UNIVAC 1100 Series, Uniservo VIIIC Magnetic Tape
Subsystem,UP-4123, Sperry Rand Corp. (1873).

73va G. Vanden Berghe, (unpublished). Seminaire voor
Wiskundige Natuurkunde, Gent, Balgium., Private
communication (1973).

73vi V.E. Viola, Jr., G.E. Gordon, and W.B. Walters,
MNC-4028-0012, 95 (Progress report - 1973).

T4An R.E. Anderson, (unpublished) Univ. of Colorado,
private communication (1974).

T4Ap K.E. Apt and W.B., Walters, Phys. Rev. C9, 310 (1974).

74Bel F.E. Bertrand, Nucl, Data Sheets 11, 449 (1974).

74Be2 F,.E. Bertrand, Nucl, Data Sheets 13, 397 (1974).

74Bu V.R, Burmistrov and V.A. Didorenko, Izv. Akad. Nauk
858R. Ser. Fiz, 38; 791 (1974). Translation:
Bull. of the Acad, of Sci. USSR, Physical Series
38, 113 (1974).

74Ci 0. Civitarese and F. K:uputi%. Nucl. Phys. A229,
133 (1974).

74De J. DeRaedt, M. Rots, and H. Van de Voorde, FPhys. Rev.
€9, 23391 (1974).

74Fu I. Fujiwara, N, Imanishi, and T. Nishi, J. Inogr. Nucl.
Chem. 36, 1921 (1974}.

7401 H.R, Hiddleston and C.P. Browne, Nucl. Data Sheets
13, 133 (1974).

T4Ke d. Kerek, P, Carle, and S. Borg, Nucl. Phys. A224,
367 (1970).

74Ko D.C. Kocher, Nucl. Data Sheests 13, 337 (1974}.

74%¥ul A, Xuriyama, T. Marumori, and K. Matsuyanagi, Progr.
Theoret. Phys. 51m 779 (1974).

74Xu2 A, Kuriyama, T. Marumori, X. Matsuyanagi, and R. Okamoto,
Institute for Nuclear Btudies, Tokyo,INS-220,
1974 (unpublished}.



74Ku3

74Xud

74Mal

74Ma2

74Ma3

74Mel

74Me2
74Me3
T74Pa

74UN

74Va
75An)

75An2

75K
75Lal

T5la2

7ZHa

75Ke

316

A. Xuriyama, T. Marumori, K. Matsuyanagi, R. Okamoto,
and T, Suzuki, 1974 (to be published).

A. Kuriyama, T. Marumori, K. Matsuyanagi, and R.
Okamoto, Institute for Nuclear Studies, Tokyo,
INS~-217, 1974 (unpublsihed).

L.G. Mann. R.A. Meyer, and W.B. Walters, (unpublished)
Lawrence Livermore Laboratory, private communica-
tions (1974).

G.J. Mathews, (unpublished) Univ. of Maryland, private
communication (1974).

T. Marumori, Invited paper, Topical Conference on
Problems of Vibrational Nuclei, Zagreb, Yugoslavia,
Sept., 1974 (unpublished).

R.A. Meayer, F, Momyer, and W.B. Walters, Z. Physik
268, 387 (1974).

R«.A. Meyer, UCRL-76027, 1974 (unpublished).
L.R. Medsker, Nucl. Data Sheets 12, 431 (1374).
T, P‘f:ggili' and C.A. Kalfas, Z. Physik 271, 79

UNIVAC 1100 Series, Assembler, UP- 4040 Revision 4,
Sperry Rand Corp., 1974.

G. Vanden Berghe, 2. Physik 266, 139 (1%74).

R.E. Anderson and J.J. Kraushaar, Nucl. Phys. A241,
189 (1975%).

R.E. Andexrson, R.L. Bunting, J.D. Burch, §.R. Chinn,
JeJs Kraushaar, R.J. Peterson, D.E. Prull,
B.N, Ridley, and R.A. Ristinen Nucl. Phys.
A242, 75 (1975).

A, Ruhfield and .M. Hintz, to be published (1975).

J. Landrum, R.A. Meyex, 8.V, Cackson, and W.B. Walters,
Bull. Am. Phys. 8oc. 20, 688 (1973).

J»T. Larsen, {unpublished) Lawrence Livermore Lab-
oratory, private communication (1975),

M. Matoba, M. Hyakutaks, XK. Yagi, and Y. Aoki, Nucl.
Phys. A237, 260 (197%).

R:,A. Meyer and E.8. Macias, (unpublished),Lawrence
Livermore Laboratory, private communication (1975).



