MASTER e

DECAY SCHEMES FOR MASS SEPARATED 1361, 1381, AND 197

Warren Ralph Western

Ph. D. Thesis Submitted to Jowa State University

Ames Laboratory, ERDA
Iowa State University

Ames, Iowa 50011

Date Transmitted: February 1977

NOTICE
This report was prepared as an account of work
sponsored by the United States Government. Neitlie:
the United States nor the United States Energy
and Develop Admini: ion, nor any of
their employees, nor any of their contractors,
subcontractors, or their employees, makes any
warranty, express or implied, or assumes any legal
liability or sibility for the 5
or usefl of any i i PP product or
process disclosed, or represents that its use would not
infringe privately owned rights.

PREPARED FOR THE U.S. ENERGY RESEARCH AND DEVELOPMENT
ADMINISTRATION UNDER CONTRACT NO. W=7405-eng—82

N

1 i U
DISTRIBUTION OF THIS DOCUMENT IS UNUMITFBXJ



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



it

NOTICE

This report was prepared as an account of work
sponsored by the United States Government. Neither
the United States nor the United States Energy Re-
search and Development Administration, nor any of
their employees, nor any of their contractors, sub-
contractors, or their employees, makes any war-
ranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, com-
pleteness, or usefulness of any information, apparatus,
product or process disclosed, or represents that

its use would not infringe privately owned rights.

Available from: National Technical Information Service
U. S. Department of Commerce
P.O. Box 1553 .
Springfield, VA 22161

Price: Microfiche $30E)



TABLE CF CONTENTS

Page

, Abstract _ » ix

I. INTRODUCTION ' ' 1

A. Advancement of Basic Knowledgé ' : 3

B. Technological Applications 4

C. Survey of Earlier Work 5

1. Previous studies of the decay of 1361 6

2. Previous studies of the decay of 138} 11

3. Frevicus studies of the decay of 137Xe 12

" II. EXPERIMENTAL TECHNIQUES - 14

A. The TRISTAN Systen : 14

B. Separator Operaticn to Obtain : 19
Iodine Activity :

C. Data Acquisition , 22

1. Gamma-ray singles measurements . ' 22

2. Multiscale measurements 31

3.  Gamma-gamma ccincidence mecasurements 35

III. DATA ANALYSIS 39

A. Transition Energies and Intensities ‘ 39

B. Multiscale Data - ‘ ' 42

C. Gamma-Gamma Coincidence Data 43

D. Identification of Contaminants 4y

E. Construction of the Level Schene 45

F. Spin and Parity Assignments for Levels | 46

Iv. EXPER\IMENTAL_ RESULTS AND DECAY SCHEMES o 48

A. Decay of. 1361 - . 4 48

"B." Decay of 13871 ’ ' 84

c. Decay of 137Xe ' ’ . . : _ ' 94



V.

VI.

VII.

VIII.

IX.

DISCUSSICN

A. The Shell Model in this Region

B, Systematics for Even-Even Nuclei in the
N=82 Region

C. Theoretical Calculaticns for Even-A

' N=82 Nuclei

D. Interpretations of 137Cs Levels

E.. Theoretical Cdlculations for 137Cs Levels

CONCLUSICNS

APPENDIX: COMPUTER CODES

A.

B.

_ ENERGY Code

Multiscale Codés

BIBLIOGRAPHY

ACKNOWLEDGMENTS

Pége

116

116
125 -
129

130
133
135
135
136
139

142



Figure
Figurs
Figure
Figu;s
Figure
Figuré
' Figure
Siqure

Figure
Figure

Figure

Fiqgure

Figure

Figure

Fiqure

10.

1.

12.

13,

15.

LIST OF FIGURES

Sec+1on of the chart of nuclldes showing
the nuclides studied

Schematic 1ayout of the TRISTAN isotope
separator facility

Fission product yield of. 23Sy for
thermal neutron fission

Phctograph of second ganeratlon moving
tape collector (MTC)

Phctograph .of third generaticn mov1ng

- tape collector (MTC)

Blcck diagram of gamma singles
electronics

Block diagram of gamma multlscale
electronlcs

Bleck diagram of gamma coincidence
electronics

' Spectrum of gamma rays with energies

less than 13“0 keV from the decay cf
1367 -

Spectrunm of.gamma‘rays4with energies
greater than 1350 keV from the decay of
1367 ’

Decay curves for the 45- and 85-second
1361 isomers

Gamma,spectra in coincidence with the
~(a) 381-, (b) 1313-, and (c) 1962~-keV
gamma rays from 1367 ' :

Prcposed decay scheme of 1361

Ccmparison of 136%e levels with those
frcm previous studies :

4Gamma -ray spectrum’ from the decay of

1387 |

Page

15
16
18
20
23
32
36

49
50

63

64
69
71

85



Figu;e

Pigure
Figure
-Figure
Figure

Figure

Figure

Figure

Figure

| Figure
Figdure

Figﬁre

Figure.

Figure

Figure

Figuré

16.

17.

18.

19.

20.
21.
22.
23.

24,

25.

26.

27.

28.

29,

30.

31,

Detailed qahma-ray,Spectra for the
{a) 831-, (b) 1278-, (c¢) 1463-, and
{d) 1810-keV peaks in 1387 :

Gamma spectrum in coincidence with the
£89~-keV gamma ray from 1387

Gamma spectra in coincidence with the
(a) 484- (b) 831~ (c) 875-, and
1278~keV gamma rays from 1387

Prcposed decay scheme of 138

Spectrum of gamma rays with energies less
than 1620 keV from the decay of 137Xe

Spectrum of gamma rays with energies
greater than 1200 keV frcm the decay of
137%a

Gamma spectrum in coincidence with the
456-keV gamma ray from 137Xe

Gamma spectra in-coincidence with the
(a) 849- and (b) 982-keV gamma rays from
137Xa

Proposed decéy scheme of 137)e

Ccmparison of 137Cs levels from this
work with previcus studies

Systematiés of low-1lying levels fcr
even-even N=82 and N=84 nuclei

Relative energies of proton single-

rarticle states seen in odd-A N=82 nuclei

Systematics of the even Xe and Ba -
isotopes

Systematics of the first excited 2+ levels

fer N=78, 80, 82, 84, and 86 nuclei
particle-hola statés in 136Y%e

Cemparison of 136Xe levels with
shell-model calculatiqns

Page
86
89
30
91
95

96

105
106
107
109
118
119
120
122

124

127




vii

Page

Figure 32. ComPariSon'of 137Cs levels with | 131
shell-model calculations :



Table

Table

Table

.Table

Table
Table

Table

Table

Table
Table

Table
Table
Table
Table
Taﬁle
Tgble
Table
Table

Table

T wviii
LIST OF TABLES

I, DetectorsAuéed'in this study

II. Gamma- ray run parameters for the 1387
decay study

ITIT. Gamma-ray run parameters for ‘the 1381
decay study

IV. Gamma-ray run parameters for the 137%e
decay study

V. Equipment used in coincidence experiments
VI. Gamma-gamma coincidence measurements

VIT. BRules for spin and parity assignments based
on lcgft values

VIII., Gamna ;ransitions observed in 1361 decay

IX. Comparison of gamma intensities . with previcus

studies of the 45-second isomer cf 136X

X. Comparison of gamma intensities with previous
studies of the 85-second isomer cof 136

XI. Coincidences observed in 136i decay

XIT. Beta‘féeding and iogﬁ; values for 1361 decay
XIII. GamMaAtransitions observed in 1381 decay
XIV, ‘CompariSOn with previous 1387 studies |

XV, - Coinéideﬁces,obserVed in 138 decay

XVI. Beta feeding and logft values for 1381 Jdecay
XVII. Gahma transitions observed in 137Xe decay
XQIII. Céincidences‘obsérvéd in 137Xe decay

XIX. Beta feeding and logft values for 137xo
decay

Page

24

27

29

'30

+ 35

38

47.

51

59
60
65
87

87

88

98

104.

110



ix

Decay schemes for mass separated 1361, 1387, and 137Xe!

Warren Ralph Western

Under the supervision of John C. Hill
From the Department of Physics
Iowa -State University

A sfudy of the gamma-ray de-excitation following the

beta decay of 138, 1387 and 137fe using the TRISTAN on-line

isotope separator facility is reported. Gamma-ray
and gamma¥gamma coincidence measurements were made
three decays using Ge(Lif detectors. 1In addition,
mulfiscale measurements were made for the decay of

total of 142 gamma rays were observed in the decay

singles

for all

gamma-ray

1367, A

of the 45~

and 85-second isomers of 136I, Of these 115 were placed in a

level scheme for 136%e consisting of 50 excited states up to

6624 keV. A tctal of 8 gamma rays were assigned to the decay

of I?Bi_all of which vere placed in a level scheme
consisting of 6 excited states at 589, 1073, 1464,

1903, and 2398 kev. Of the 94 gamma rays observed

for 138%e
1867,

in the

decay of 137Ye, 83 were placed in a level scheme for 137Cs

‘consisting of 34 excited states up to 3976 kev. Gamma-ray

multiscale measurements confirmed that 1367 has only two

1U$ERDA Report IS-T-743, This work was performed under
Contract W~-740S-eng=82 with the Energy Research and Develop-

ment Administration.



isémers. The half-life valﬁeé ottained were 44,8 + 1.0 and
85.2 t 1.8 seconds.“ Spin and parity assignments were
deduCed, whénever.possible, on the.basis of'gamﬁa-tay transi-
tion p:obabiiities and beta transiticn lecgft values. The
1561 and i37Xe'decay schemes~are.compared with earlier decay
studies and with results from (p,p') and proton transfer ex-
periments. A pcséiblé correspondence of levels strongly pop-
ulated by béta deéay‘with neutron particle-hcle statés ob-
served in (p,p') experiments is noted for 136I levels around
u_MeV. The systematics associated with these level schenmes
are disénssed and a comparison is made with recent:shell-

model calculaticns.



I. INTRODUCTION

The decays of several néﬁtron-rich nuclideé produced in
.fission are the subject of this wo:k. These nuclides, 13671,
‘137¥e, and 1387, areloutlined with a solid border on a por-
tion of the Chart of thé Nuclides (1) shown in‘Figu;é 1.

They have half-liﬁes.ranging from 6 seconds to 3.8 minutes;
With the'ekception of 1361; the daughters of thesé nuclides
are ﬁns£ab1e égainst beta decay. The'decay energies, or Q-
values, for these nuclei are greater than 4 Hév} therefore .
many excitéd states are expected to be populated in beta_
-decay, and the éorfesponding ganma spectra may be quite
complicated. No decay scheme for 1381 has béen published
previo@s to this work. Even fhough the decay of 1361Ahas.
been studied, no information exists on high-energy gamna
tranSitiohs.above 3400 kev.

The study qf the decay éf]thesejnuclides is difficult
;ince they have short half-lives, therefore many samples must
te studied in order to thaih sufficient statistics, Access'
to a continﬁous means of producing these isotopes the:efdre
constitutes an important advantage. Neutron-rich isotopes
are conveqienfly prodiced by fission, but the number of dif-
ferent activities produced is large, therefore sophisticated
techniques sdéh as on-line nass separatién are of great value

in separating and identifying the activity of interest.
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Figure 1. Section of the'chart of nuclides showing

the nuclides studied




Another reason for studying these nuclei is to advance
the basic knowledge and understanding of nuclegrAsystematics
used in the development of nuclear theories. The knowledge
qainedlis also important in the aesign of reactors and in -

reactor decay-heat calculations.
A. Advancement of Bésic Knowledge

A basic reason fbr studying these decays is to extend
the 5ystematics of excited states for neutron-rich nuclei.
The decays of the nuciides studied in this work represent an
important source of ihformation.on the level structure of
136Ye, 138Xe, and !37Cs and extend the knowledge of the N=82,
and N?SQ isotones dnd the Xe and Cs'isotqpes furthér into the
neufrbn-rich side of.étabi;ity.

It is impoftant»to hote that éll of these nuclides are
near the magic numbers Z=50 and N=82, therefore the results
arelusgfu; as a test of the shell model in this region. It
is of'iﬁte;est to determine if a shell-model basié,‘consist-
ing of only simple configuration$ of those particles outside
the doubly magic core, is adequate to describe the low-lying
étates of these nuclides.  A shell-model calculation islde-
pendent on the nuéleqn-nucleon-interaction‘aﬁd.hence is an -
'indicafion of the adequacy of the interaction used. In addi-
tion pdlprOViding a fest of the shell modei, these results

;”assist in evaluating the possibility of ‘collective motion in



this region. It is-hoped that at some time ali nuclides can
be described and their properties prediétéd by a full shell-
model calculaticn using an interaction'which is censistent
with nucleon-nucleon scattering results.

Finally, there is a need to resolve a number of
disagieements amohg previous results on the decay of 1381, A
notable problem i;rthe claim in oﬁe of the previous studies
that there exists tvo excited isomeiic states in 1361 that

beta decay. Other investigators have reported only one.
B. Technological applications:

AThe primary<app1ication cf the Tesults cf this research
is in the design and modeling of fission reactors. - The
results relate both to the pperatioh of the reactor and to
its generation and diffusion of heat. 2 detailed intensity
inventory of the beta and gamma radiation as a function of
ehergy is needed'for nost of the radioactive fission
’prodpcts. The kiﬁetic energy of an electron emitted in beta
decéy is absorbed in thé vicinity of the fission fragment~
while the energYiof the associated neidtrino is completely
1bs£. The volune affectea by gamma radiation ﬁeating is very
dependent on fhe energy of the.transition and the design of
the reactor.. This work also demonstrates the feasibility of
studying. act1v1t1es other than the inert gases and thelr

daughters by u51ng a uranyl stearate target w1th the TRISTAN



on~line isotope separator.
C. Survey of Earlier Work

The‘halogen fission products were among the first to bé
studied; In 1940 strassmann and Hahn (2) identified two newv
iodine activities. They measured the half-lives to be 1.8 %
0.4 minutes and 30 + 6 seconds. These half-lives correspond
to those of 136I and 137I, respectively. The decay of 138}
was first observed by Sugarman (3) in 1949. He mea sured the
half-life of this activity to be 5.9 + 0.4 seconds. The xe-
non fission'éroducts were also identified during this pericd.
The first observatioﬁ of 137XeAdécay ués by Seelmann-
Eggebert and Bern (4) in 1943. They reported a half-life‘of
3.8 minutes. | |

The techniques of experimental nuclgat physics pro-
gréssed from half-life measurements with Geiger counters and
measurements of the maximum ggmma—'and'beta—decay energies,
qsing absorbers, to NaI(Tl) and plastic scintillator detec-
tors and small multichannel analyzers.' During this feriod
. ‘there were twb‘studies of the gamma and beta transitions in
the decay of 1-3614'(‘5,6), 5u£1only,delayéd neutron emission
studiss of thé decay:of 1387 ,(7) Holm gi al. (é)vpérformed_
the only.NéI(Tl) study of the decay of 137xe, ' This study was
alsc the first fdr aﬁj o£>thesé isotopes in which a mass-

separated source was used.



1. g;ggigg§d§tddie§ of the_decay of 1361

The first ;tudy of the decay of 136 using Ge (Li) de-
tectors was by lundan and Siivola (9) in 1968. Chemical sep-
aration was'uSed to isolate the iodine actiQity proaucéd in
fission. A total of 21 gamma transitions were identified as
" belonging £o the decay of 136I with twc more possibly belong-
iﬂg. Of these 23 transitions, 22 were placed in a level
scheme cénéisiing of 13 definite levels and two possible
levels.. The level scheme is supported by gamma-gamma c¢oinci-
dence data: obtained from both a Ge (Li) -NaT (T1) aﬁd a
NaI (T1l)-NaI (Tl) expe:ihent._ This waé the first study to pos-
tulate the existence of a short-lived isomeric staté in 1361
in addition to the 83-second state. The value obtained for
the half-life of the short-lived isomeric state was 40 .+ 5
seconds,'whlch was determlned by measuring the decay of many
of the transitions in a sequence of 64 ‘successive spectra.

- Carraz g; al. (10) reported the results of an 1361 study
in 197@.- The icdine fission products were separated chemi-
cally. This sfudy.identified 15 gamma transitions. as belong-
ing to the decay of 136I and placed all of them in a level
scheme consisfing of six definite excited levels and five
possible excited levels. This level schenme is supborted by
gammangmma ccincideﬁée data from a Ge(Li)-ﬁaI(Tl) systenm.

Gates were pléced in only three regions of the spectrum. A



measurement of the beta spectrum in coihcidence‘uith the
first excited state transitioﬁ géve a Q-value of 6.3 ¢ 0,2
MeV for the decay of 136I, A delayed coincidence experiﬁent
betveen the 197-keV transition and the beta spectrum‘indicat-
ed a half-life of 2.8 + 0.2 micreoseconds for the 189é-kev
stéte of l43")((-3.‘ Cérraz et al. (10) measured the half-lives
of the 1361 isomeric'statés by multiscaling thergamma transi-
tions using a 20-secqnd counting period for a total time of
four minutes. The values obtained were 48 & 1 SecondsAfor
'the short haif-iifé gctivity and 83 & 3 seconds for the long
half-life activity. There are other discrepancies between
this work and the earlier work of Lundan aﬁd5sii§oi§ (9);
These di3crepancies'ipc1ude transition energies and iﬁtensi—
ties and leveis inqluded in the decay schenme. |
Lundan (11) published a new study of the decaj of 1367

in i971. This revised study used the Studévik isotore
separator.qn-line to a reactor., The results wvere much mo;e
consistént with those of Carraz et al. than with his earlier
study. AHe_ideﬁtified.21 gamma transitions as belonging fo
the decay of 13€I, and placed.ail of thém in a level schene
consisting. of 18 exditéd'levéls, ‘Oniy three of these levels
are4thg same as those. he reported.earlier, and nine of then
are the same aé feported by Carraz et al. ‘The transition en-
erqgies and'intensities were consistent with the values ob-

tained by Carraz et al., but the intensities were consider-



ablyAdifferent from those'he reported .earlier, His ievel
scheme is supported by gamma-gamma coincidence data obtained
wifh'two Ge(ii) detectors. In this study three half-lives
were measuréd for the decay of 136I, The values obtained |
were 48 ¢+ 2 seconds, 83 + 3 séconds, and 100 + 3 seconds.,

The half-life measuréhents were obtained from multiscaling
expériﬁehts in which gates'were placed on seven peaks in one
experiment and fifteen in the other. The time intervals were
8,secondé and 2 seconds with total measﬁring times of 1000
and 106'seconas,respectively. The half-lives of all but a
few weak peaks were.also measured by following their intensi-
ties in aMseguéncé of eight éuccéssive’ux spectra of 57-sec-
ond duratibn‘eéch.

The most reéent détailed study of the decay of 13%I was
by E;fen et al. (12) in 1971.. The iodine activity was ob-
tained byAchemical separation frqm fissipn-pfoduct activi-
ties;b In this study 21 transitions were identified and 17 of
these were placed in a level scheme consisting of 14 excited
1e§els. This level scheme is supported ty qamma-gamma‘coih-
cidence information obtained from a Ge (Li)-NaI(T1l) system.
Tﬁe'half?liVes of thejisomeric states iﬁ 1367 were determined
by follbwing‘fhe decay of appropiate gahma tranéitions ovef a
6.5~minute period divided into 20-second intervals. Only two
half-lives were observed, 45 seconds and‘83 seconds. Even

though the accepted vaaiué‘is 6980 keV (if the 83 second ac-
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fivity is regarded a§ the ground state of 136I (13)), the
highesi energy gaﬁma‘fransition identified in any of these
‘three studies is thé.39u9-kev transition in the study by .
Erten et al. (12).' There are also discrepancies in the loca-
tion of the exciféd.states and in ﬁhe number and placement of
the gamma transitions. The coincidence results reported are
in general agreement, but are subject to differences in in-
terpretatiéns because NaI(Tl) detectors wvere used for at
least one side of the coincidence ‘data and 6n1y a few windows
uére set. _

Achterberg gg-g;. (14) in 1972 reported a study of thé
internal-conversion coefficients of the léw-energy transi-
tions seen in the decay of 1367, This study used the Buenos
Aires on-line isotope_separator;‘and coefficients'andzmnltiQ
polarities wvere detérmined for two transitionms.

The 197-, 381f, and 1313-keV transitions, which
depopulate the 6%, 4+, and 2+ members of the !36Xe YRAST
band, vere observed in_tvo studies.of.the fission products
produced in the sﬁontaneous fission of 2s2Cf, The first
stﬁdy vas'df the 150meriq transitions in fission fragments,
réported by Jphﬂ gg'glf'in 1970 (15); A four-parameter ex-.
periment was performed vhere the kinetic energy @f the two
fragments, the energy of the gamma transition, and the time
delay between one:of the fragéehts and fhe.tranSition vere

recorded. The.cascade'vas,obse:ved because the 6+ is an
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isomeric state with a measured half-liferf about 3 microsec-
onds. The other study measured the prompt gamma trahsitibns
~ emitted in spoﬁtaneous fission, and was reported by Cheifetz
bgg al. (16) in 1971. In these studies fragment massés vere
identified fren the kinetic ehergies of tbe fragments in co-
incidence with the gamma transitions. The elements were
identified-by the coincident K X-rays.

Edvardsoﬁ and Norlin (17) reported in 1974 that fhe'
B(E2) Valﬁe for the first-excited to4grOUnd—state transition
in 136Ye was 0.17 + 0.03 e2b2z, The lifetime of the first
‘excited state at 1313 kev‘ﬁas reported to be 0.59‘3 0.15
'picésecénds,’ These values were cbtained from Coulomb excita-
tién.df‘stable‘IBQXe. |

In 1971, Wildenthal et al. (18,19) reported the results
of a stady of proﬁon;tranéfer reactions on the N=82 nuclei.
bsing the reactions 136Xe(d, 3He) 135I and 136Xe (3He,d)137Cs
they deduced that the doubly-magic core of *32sn is not ac-
- tive in the ground state‘of 136Ye. The expe;imentally de-
‘éerﬁined spectroscopi¢ factbrs from the DWBA calculation are
directly related to the occupancy of the orbitals in the
target nuclide. For 136Xe, they'éoncluded from the spectro-
scopic factors of the}pickup reaction that the ratio of
cccupanéy in the ground state is 85% 1g,,, to 15% 2d;,,.

Thef§ have been two'136Xe(p,p')i36X§ experiments which

populated excited states of 136Ye, The first of these was
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‘the étudy of the‘iSObaric analog resonances by Moore et al.
(20) in.1970. In this study, 36 excited states of 136ie
below 6.3 MeV were observed and possible spins and parities
were assigned to the levels abbvé 3.26 MeV. A second |
inelastic‘proton scatteriné experiment was reported by Sen et
al. (21) in 1972. This study was desighed'to complement the
study of Moofe‘gg al., by concentrating on thellevels below
3.3 MevV, Fourteeh levels below this energy were analyzed
using the distorted-wave Born‘apprdximétion.v A collective
chpiex forn factor was used to‘obfaih spins, parifies and

deformation parameters for these levels.

2. Previdus studies_ of_ the decay of 13871

Very little is known about the decay of 138 and the
levels of 138Ye, Lundan and Anttila (22) observéd one tran-
-SitiOn in the decay of 1381 in‘1970; Kratz et al. (23) iden-
tified five transitions as bélonging to the decay of 13871 jn
a sufvey of gamma-ray emissicn fronm short-livéd_Br.and I—
isotopes. No aﬁtempt was mﬁdeAio construct a level schene.

| The only study of tﬁe levels of 138Xe is the 252Cf (SF)
study'bf ChéifetZ'(16), discﬁsSed prévionsly. In this study
"the transiﬁions which depopulafe the 4+ and 2+ members of the

YRAST band were cbserved.
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3. Previous_studies_of the decay of 137je

The first s£udy:of the decay of.l37Xe in which Ge(Li)
detectors were used was by Holm (24) in 1968. The 137Xe
fission fragments were obtained from a uranyl stearate target
from which Xe gases emanate easily. An isotope séparator on-
line to the Nobe;~Institute 225-cm cyclotron was.used‘to sep-
arate thé'xenon isotopes produced in the fission cf =238y,
Nineteen well-eStabliShéd tfansitions were identified, and 14
additional very low-intensity transitiéns were-reported; of
the 19 wellfestablished trénsitions, i? were placed in a
level scheme.éonsistihg of niné é&cited levels and one possi-
bleAleVel. This lével scheme was supported by gamma;gémma
coinéidenée data obt;ined with two NaIle) detectors., The
statistics of the coincidence data‘weré.poor due' to’ the low
' inténsity of .all tranéitions except the one at 456 keV.

A more complete study of the decay of 137Xe was reported
by anhand et al. (25) in 1975, The targetﬂin this study was
a_sampie of heated 235y0,. Tﬁe ARIEL isotope separatbf fa-
cility-was used fq mass separate the xenon wﬁich emanated
ffqm:the farget. Intthis sfudg 83 gamma transitions were -
identifiéd. Thé proposed ieyel scheme consisfs of,21,excited
lévels and qu possiblé levels. A total of 55 transitions
wéreféiacéé_in #his Qecay scheme. The coinéiéenée data used

to construct the levei scheme vere obtained using twc Ge (Li)
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- detectors ahd‘consis£ed of gates on six transitionmns.

The existence of a level at 848.5 keV iés confirmed in a
muon céptﬁrélstudy by .Lucas gi é;. (26) in 1973 and its tran-
sitions to the ground and the first excited states were ob-
served. The reaction 1388a(p-,n)137Cs was used. This stﬁdy
demcnstrated the feasibility of studying nuclear properties
by muon capture. The multipolarity of the 456-keV transition
from the firét excited level to the ground state has been de-
termined fo be E2 (<10%M1) by Achterberg et al. (14) fronm
internal-conversion measurements.

The character of'the lowest levels ih 1?7Cs has been
studied by Wildenthal g; g;.‘(18,19), in 1968 and 1971, ‘using
proton stripping and pickup reactions on 136¥e and 138Ba, ré-
speqtivéiy, Six levels were observed in the stripping reac-

~tion (19) below 2.2 MeV.
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IT. EXPERIMENTAL TECHNIQUES

A. The TRISTAN Systenm

The nuclides studied were‘producedhusing the TRISTAN
isotope separatcr, operating on-line to the Ames Lebcratory
Research Reactor (27,28,29). ‘The system is shown in Figure 2
and a brief description is given helow.

fhe fissicn produéts are'preduced when thermel neutrons
from a beam ‘external to the reactor are ahsorbed by uranium
nueleiAin a sample of uranfl stearate.which has heen enriched
to 93% in 23sg, The asymmetrlc mass yield of fission
fragments from thermal neutron lnduced fission c¢f 235y is
shown in Figure 3; For the proton numbers‘36 (Kr), 53 (1),
and 54 (Xe) the cumUlative fission'yield; as a function of A,
peaks near the mass numbers 90, 134 and 138 Lespec+1ve1y.
Thus the'yleld cf 1381 is much less than that for 1367,

The 1nert gas flSSlon productsAwh1ch emanate eff1c1ent1y
from the stearate, and Hlth fresh targets some 1od1ne and
bromine, are transported through a teflon transport llne 1. 4.
ueters.long to the ion source. A sweep gas consisting of a
mixtuhe of helium with small amounts of stable krypton and
xenon is used to assist in maintaining a discharge in the ion
source aud to mbniter the focus and mass number of the

separator ion bean.
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After the sweep gas and the fissicn products are ionized
they are aécelerated th:ougﬁ a potehtial of S0 kilovolts and
focused by two electrostatic lenses béforé entering the 90°
analyzing magnet of the separator. The mass-separafed beam
enters a collecter box where the beam can be focused visually
by observing the stable isotopes on a fluorescent screen.

The désired mass can then be positioned in the center of the
slit. Two parallel copper strips (pins) are positioned on
opposite sides of a neiéhboring mass to proiide beaﬁ position
stabilizafion. Thgse.stabilization pins are ccnnected go the
ihputs of a diffefential amplifiersintegrator system which
detects any asymmetry in the beaﬁ current deposited on the
pins and cenfers the beam between the-piﬁsvby adjusting the
accelerating potentiai. |

The slit in the collecﬁo: box is aligned with the
entrance to'a switching magnet. The ﬁagnet directs the se-
lected isotope ion beap to theAexperimenfal station being
used and helps to remove any residual neighboring mass or
neutral contaminants from the bean. For'this studylfheAheam,
was;directed to the moving tape coilec{or (ﬁTC).

'In the MTC the beam is deposited on aluminized mylar
tape. The dépositeq activity can be positioned in front of
the detectors and later removed ty means of a tape transport
system. Two different MTC systems wéfe:used to obtain the

data for this study.. The initial data were obtained using
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the second generation design (Figure 4) and the later data
were taken using the third generation design (Figure 5).
Both designs have detector ports at the point of deposit and
at "downstream" Ports which are used to study daughter activ-
ities. The purpose of the MTC is to enhance the ratio of the
integrated activity of the desired nuclide to that of other
nuclides of the same A. The operating cycle for the MTC and
the data acquisition is controlled by the Daughter RAnalysis
System (DAS) which determines the times for beam collection,
delay, data accumulation, and tape motion. The computer code
ISOBAR can be used to determine the values for these
paramasters which give the maximum enhancement of a specific
member of the decay chain. A complete description of this
code and the parameters involved is contained in a report by
Norman gt al. (30).

In this study the parent was the activity of interest,
and the MNTC wés used to 1limit the build-up of the daughter,
In studying iodine acﬁivity, xenon as well is deposited di-

rectly on the tape and also grows in from the iodine parent,
B. Separator Operation to Obtain Iodine Activity

Although a given stearate sample is used for about six
months, the iodine emanates from the stearate for a period of
only about three weeks. This occurs because iodine emanation

is more dependent on the structure of the stearate material
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Photograph of third generaticn moving
tape collector (MTC)
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_.than ingrt—gds emanatioﬁlapd hence is more sensitive to
radiation damage. This period also corresponds to the time
of maximum hydride contamination during the use of a Stearate
sample.

The'differential pump pressure increases 15 to 26 micro-
torr when the sample is initially irrédiated, therefore a
périod of a day or two is required to outgas a.new stearate
sample., It is'found.that this pressure has to be 10 to 15
microtorr before any iodine activity can ke cbserved, and
that the maximum.activity is ébtained-when the pressure added
by the support gas is minimal.

A curreﬁf;of 41 to 42 amperesAthrough‘the filaﬁent of
ﬁhe ion source was uéed for the iodine experiments in this'
study, since this relatively high filament current was re-
'qui;ed-to obtain maximum iodine activity. The other ion
source operating parametgfs did not have unique values which
gave maximum activity. A fypical set of values for the other
parameters is about‘330 milliamperes for the current through
the ion source magnet, 45 volts for the anode voltage, and
3.8 kilqvolts fcr'the extractcr voltage.

The i3°I activity:(the daughtér_136Xe is stable) ob-
tained after atout 160 seconds of bean collecfion wvas about 8
kcps using an 11% Ge (Li) detector. The higher iodine masses
are more difficuit to:study for several reasons. ‘fhe‘xenon

daughters are not stable apdAemanate mcre readily than iodine .
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thus making it impossible tc get a relatively clean spectrum.
Also the fission yield is 1owerlcomparedA{o the yield of xe-
noﬁ, and the ratio decreases fdr the higher masses. Finally,
~the iodine isotcpes have shorter half-lives, therefore the |
gmanation and transport timeslare more important. An attempt
" was made to observe the 2.4-second 1391 activity but no peaks

could be identified.
C. Data Acquisition

Three difﬁerent types of measurements were perfofmed in
"~ this stqdy. They.were gamma singles, gamma-gamma cqihci-
dence,\and éamma multiscale measurements, In all of these
experiments the detectors used were large volume true-cqaxial
detéctors ménufactured bY ortec. The characteristics of

these detectors are summarized in Table I.

1. Gamma-ray singles measurements

A block diagram of the equipment used to obtain gamna
singles measﬁrements is shown in'Figure 6. The equipment
used and typical settings'which‘gave the best results are de-
scribed in the following paragraphs. ‘

‘The bias vcltageAfot the detector was supplied by a
battery pack,‘and'the.power for the preamplifier.was supplied
by NIM bins. A‘Tenneléc TC 203BLR amplifier was usually used

to process the preamplifier signal. The values of the pulse-

shape time constant which gave the best resolution'were
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Table I. Detectors used in this study

Detector . A | , B

Active volume ‘ 57.3 cm3 58.2 cm3
Resoluticn 2.7 kev 2.7 kev

at 1.33 MevV at 1.33 MeV
Efficiency . 11.8% 9% .
Peak-Compton ratio 34:1 28:1
Absorbing layeré 0.5 mm Al 0.5 mm Al
' ‘ 1.0 mm teflon 1.0 mm teflon

.64 cm plexiglass .64 cm plexiglass
Bias voltage '~ 1890 volts 2500 volts

- e - D D —— - — P = D = D S T W W A Y T G P W W MW W P AR D R T W TR PR W AL = e =

eithe: 2 or 4 microseconds. The amplifier was direct coupled
tO'thé'ADC except when a restorer/rejector unit was used.

" A Canberra Model 1464 Baseline Restoret/ﬁejector unit
vas used in a few of the spectra obtained for this work. A
_typicél shaping time_constaht{used was 2 microseconds.

Geoscience Model 8050 8K ADC's were used in this work.
Pile-upvrejécfion and 16garithmic baseline restération were
used with time constants of either 6.4 or 12.8 microseconds.,
‘In most cases a full 8K spectrum wvwas dhtained. |

The analyzer used in these expé:iments ¥as a Taéhnical
Héasureméﬁts Corporatioh'16K anaiyzet_which hés a'memqty

capacity of 105 - 1_counts per channel. The résulting



25

snectra ﬁere‘recorded on senen-track magnetic f;pe foxr subse-
quent computer analysis. Usually.the menory was erased after
a spectrum was recorded. The indi?idual spectra were added
together by an IBM 360/65 computer using codes which could
perform gain shift and overflow corrections.

Four types of specfra were obtained using the same nppa-
ratus settlngs for each actiiity studied. The first type was
a spectrum of the unknown act1v1ty. -The location of the de-
tector‘and the DAS parameters were chosen to ehhance the ac-
tivity of interest. This-spéctrum required the longest
collection time, because good statistics are importanf to
_ observe and measure acéurately the energies and intensities
of_the.weak transitions.

In orner to calibrate the energies in the above spec-
trunm, it is'nécessary to have a spectrunm in'which_calibrafion
‘SOu:ée‘activities are inclnded along with the activity stud-
ied. The vnlues obtained for the more intense transitions in
‘this calib:;tion-p1u§-unknown spectrum are nhen used to
| caliﬁrate the urknown spectrunm.

The third type of spectrum is called the callbratlon
spectrum and consists of callbratlon act1v1t1es only. The
pu:pose of this spectrum.is to map the differential nonlin- -
earity of the system:and to obtain the relative‘éfficiency'
curve for the detector. -This spéctrum'contains cnlibrgtion4

sources in addition to those used in the calibration-plus-
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unknown speétrum, iﬁ order to more comrletely map‘the nonlin-
eéfity and detector efficiency.

Finally either a backéround spectrum or a'specfruﬁ meas-
- ured under different ﬁTC conditiéns was obtained to assist in
identifying peaks that were the result of either background
or contaminant activify; The separator is used but the ac-
tivity is stopped at the scteen'in the collectcr box if é
background specfrum~is desired., 1If positive'identification
of the weak unknown peaks is to be made, the time required
for collecting this spectrum is similar to that for the
unknown spectrum.

Parameteﬁs for the singles measuremeﬁts associated uith-
the 1361 decay study are given in Table II. The 13SI hydride
and a few othe;tcontaminants were identified from the 13s1
spectrum, Other c§ntamin$nts were identifiedlby,comparison
of the unkﬂdwn spectra A and B and the calibration-plus- |
ugknown spectrum D. |

Because these three spectra were .obtained at different
times and under different qoﬁditions; a éomparison of the
relative intensities_of the transitions in theée spectra
revealed systematic differences depgnding on which isomeric
 State populated the level. Tﬁis difference was used to sug-
éest haileife asssiénments for those transitions which were

- not directly measured by multiscale techniques.
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Table II. Gamma-ray'run'parameters for the 136T
E decay study

e AT - — A =L e WD W S WS TP S W T R W N W W WP W - D D M= D S G e WP W G R W G =P an W . -

Spectrum o A . A B c1 D

Range (keV) 30 - 4075 - 200 - 5500. 50 - 6300 35 - 1340
Length 8K - 8K 8K UK

Duration ‘5.33 hr © 33 hr 12 hr 1.5 hr,
Count Rate ,.2{5 kcps2 8 kcps2 8 kcps3 3 kcps?2

DAS cy'cle 15 min* = 160 sec* 13.5 hr5 20 min®
Calibration . 56Co,226Ra 56Co - SeCo S7Co,1921r
Activities S7Co,228Th 226Rja ’ ?ZGRa 182T73,133Ba
MTC bnds 2nas 2nd@s - 3rde

S U > W > - D - - - D -5 = . - D - - - - - - - - - - - s -

1A spectrum of 135I used to identify hydride and other
contamrinants, . , ,

2The approximate count rate at the end of source deposition,
3Estimated count rate at the beglnnlng of the counting
period.

*The DAS cycle was to count during deposition and then move
the tape. _ , _
SThe DAsS cycle was, - deposit activity for 30 minutes, delay
for 1 hour, and count for 12 hours.. )

¢The generation of MTC used for the experlmpnt. Detector 2
(see Table I.) was used at the parent port of the MTC and the
'ampllfler was a Tennelec TC 203BLR.
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The deiails of the 13871 décay study are given in Tablé
III. Most of the peaks obseérved in the 1381 spectra were not
the result of that activity. The iodine peaks wére identi-
fied by determining the ratio of the areaslof the peaks in
the unknown to their area in the delayed spectrum. The fela-
tive efficiency curve for the 1381 study was obtained frbm
the areaé of the 138%e and‘138Cs peaks in the unknown spec-
trum (31,32). The prompt and delayed 138% SpeCtra'wgre meas-
ured simultaneously.

| Table IV contains the details of the 137¥e singles

measurements. These spectra were obtained aftef iodine.had
ceésed to emanate erm'the stearate. The daughter activity
137Cs was not cbservé@ except as a background contaﬁinant,
sinée.it has a low specific activity.‘ It was eSpecially im-
po:tant to have the background Spectra‘since 137Ye decay is
almost coﬁpletely dominated by the 456-keV tfansition,vand
most ofAthe'other transitions‘are vefy weak in ccmparison,
The calibration-plus-unknown spectrum B was used to deternmine
the energy of the 456-kev transition. _Spectra D. and E weré
qbtained ﬁsing a Pb_gbsorber to enhance weak high-energy
transitions anq_reduée the dead time due to the 456-keV tran-

sition,
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Table 111, Gamma=-ray run parameters for the 1387
decay study

MTC Port?3

Range (kevV)! 100 = 4100 100 - 4100
Duration 14,2 hours 14,2 hours
Count Rate?2 11 keps 11 kcps
DAS Cycle . Deposit and 24 sec deposit
o count for 12 sec delay

i 24 seconds 12 sec count
Calibration 138%a, 138%e,
“Activities’ 138Cs 138Cg

Parent Daughter

1The length of these spectra was 8K. , :
'2The approximate value of the maximum count rate during the
counting part of the DAS cycle. A _

3petectors are described in Table I. The amplifiers used
were Tennelec TC 203BLR amplifiers. The third generation MTC
- was used for these spectra. ' v ' :
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Table IV. Gamma- ray run parameters for the 137ye
decay study

- G D Gl 4D D D D G D D D P WD D G S D D D D D R WD D D WS D R D o e - T -

Spectrum A B1 C D2 E2
Range (keV) 360 - |3
4 : u1oo u1oo a10 uoo 4400 |
Duration 16.5 hr 36 min 16.7 hr 42 hr 36 hr
Count Rate 1.1 kcps® 1 kcps* 3.2 keps®
DAS Cycle B = 2,555 =1s |5 bkg D = 133 bkg

C = 92s C = 100g E = M
Calibration . 192Ir 1927 , : $S6CO "
Activities 1983y 198ayg

S6Co
MTC 2mad7 2nd7 2nd@7  3ra’z 3rd?
Restorerv/ Yes Yes - Yes No ' No
Rejector , .
Amplifier . Ortec Ortec Crtec Tennelec Tennelec

us2 - o452 452 203BLR 20 3BIR

1The purpose of this calibration-plus~unknown spectrum was
to determine accurately the energy of the 456-keV transition.
2These spectra were obtained through an absorber consisting
of 7 nm of Pb followed by 2 mm of C4.

3The length of these spectra was 8K channels.

4Count rate at the end of deposition.

SThe DAS cycle was to deposit activity for tlme D followed
1mmed1ate1y by ccunting for time C.

6For this cycle counting occurred during the dep051t10n time
D as well as during time C,.

7The generation of MTC ased. Detéector A was used at the
parent port of the MTC.
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2. Multiscale measurements

Multiscalé Qata éh‘the.decay of 136] were obtained in
order to determine the number of isomeric states in 13eg,
confirm the assignment of transitions to the two isomers in
136 decay, and measure the half-lives associated with this
decay. The energy fange from 170 keV to 2500 kev'was spanned
in<three’separate séts of data consisting of 32 successivé
_512-chanﬁe1 épectra obtained after the depésition of the
iodine activity. AAbloCk'diaQrém sheowing the equipment used
and the connections between the units is’ shown in Figqure 7.
A'bfief description is given below.

All of the equipment with the exception of the detector,
the amplifier, the DAS, and the magnetic tape unit were manu-
factnréd by TechnicaL.Measurements Corporaticn, The data ac-
guisition cycle was controlled by the [DAS. After a source
had been deppsited and the beam deflected, the DAS generated
an external start pulse for the TMC 204 Multiscale module and
moVed the tape at the end of the multiscale cycle.

‘The multiscale qédule was inserted‘into a THC 12-bit
Model 242 Input Unit. The output was a bit pattern which was
incremented after a'éreset time period. The desired time in-
terval va$ obtained by seftiné,the_dwell time of the multi-
scale module and spécifying the bits retained with the 12-bit

input unit.
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One. of the largé Ge(Li) detectofs was used at the parent
port of the seccnd géneration MTC, and the output was ampli-
fied by a Tennelec TC 203BLR'amp1ifief. The bipolar output
vof ths amplifier was routed to a Model 217A, 4K ADC which was
inserted into the 12-5i£ unit. This ADC contains é live-time ’
channel-zero pulser which was.used to obtain intensity
corrections for the dead ti&e of the ADC. The length of the
spectrum was set on the ADC and was 512 éhannels for thesé
data.

The energy and multiscale bit patterns were routed
through the TMC Mode1:252 Region-of-Interest Selector (which
vas used in the bfpass mode) to the Model 244 Format Selec-
tor. This unit generates the correct memory address by com=
bining £he time-interyai number from thé multiscale unit (5
'bitS)'vith the channel'ngmber from the ADC (é bifs)-to create
a 14-bit memory address. The apportionment of'the'bits froﬁ
"the tyo inputs in the 1u-bit output is Specifiedrwith.the ad-
dress division.suitéh. The setting used was 128-32, but the
actual diyisiqn resulting from this setting is 512-32 because
of a modificatién of £he switch made for this experiment.

The single outputAof the format selectcr was roufed through
the Model 249 qumat Selector and the region-of-inferest se-
lector in order to be pfope:1y<interfaced with the ﬁemory
contro; unit. The dgta were fecordgd on magnetic tape as 16K

data sets for later computef analysis with codes specifically
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designed for these data. These codes are described in the
Appendix.

Beéause of the limited number of channels in the séec-
trum associated.with each fime interval, three different sets
of data over'different energy ranges were obtained. The
first spanned the range of 170 to 760 keV and used a tinme inf'
térval of 16 seconds. .The'activity was deposited for 1
ﬁinute Séfbre countingAfor 8.6 minutes, after which the tarpe
was moved. Thi; cycle was'repeated about 94 times for a
total .run time of about 15.5 hours. |

It was determined that the best method to shift the en-
ergy regiqn for the second set of data was t§ raise tﬁe base'
line on the ADC. With thisvapproach, channel zero of each
time intervalicontinued to provide an indication of the live-
~time dnring-the time,inte;val. The energy regicn was from
‘about 740 keV to 1330 keV and the time interval vas 32
seconds. This interval was obtained by setting the multi-
scale unit to 27 ste?s with a dwell time.of 8 seconds and
dropping the 2 least significant bits. In the DAS cycle the
activify was deposited for 2 minutes and then multiscaled for
17.1 minutés_before moving the tape. This cycle was Tepeated
79 times for a.total .time of 26 houfé.

The third energy radge of 1500 to 2500 kevAwaS'obtained
by lowering the gain;of.thé.amplifier and adjusting the

Baséline~of the ADC. The length and the number of time
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intérvals were the same as in the previous energy range. The
DAS cycle vas the same except thai the deposition time was
2.2 minutes. A total of 24 hours was reéuired fo obtain the

72 cycles contained in this data.

3. Gamma-gamma co;gg;génce measurements

A block diagram for the coincidence apparatus ié shown
in Figu:e 8. The two detectors used ére described in Taktle
I. For each detector one of thé preaﬁplifier outputs was
used t6 determine if é coincidence had occurred, and the
other output was useé*for'energy anélysis. The equipment

used in the ‘Coincidence experiments is listed in Table V.

Table V. Equipment used in COincidencelexperiments_

Timing filter amglifiers Ortec Model 454
Constant-fracticn tiﬁing _ . Ortec Model 453
discriminators

Time-to-pulse~height ortec Model 437
converter : '
Single channel analyzer A Canberra Model 1430

- Constant-fraction timing was used because the timing
signai'whiqh results is amplitude and rise-tinme compensated.

This compensation_waé obtained by gating the logic pulse on
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the crossover pcint of a pulse which is the sum of the
attenuated dfigiﬁal pulse plus the one obtained from the
original pulse by invefsioﬁ and delay (by 12 nanoseconds). A
more compiete description of this timing technique is given
by L. A. Gedcke and W..J. McDonald. (33,34) The two logic
pulses were used és startAand stop signals for thé
time-to-pulse-heigﬁt converter and the ccincidence window.
(typically 60 nanoseconds) was determined by the width of the
Single Channel Analyzer (SCA) window. The ocutput of the SCA
was used to gate thé;two ADC's. A Delay Amplifier was
sometimes.requirgd'on the energy pulse to obtain the proper

" time interval atAfhe ADC's between fhe arrival of the gatiné‘
_pulsé aﬁd the énérgy signal, The ADC's wére used in'thé 8K
mode with 2 to 1 compression so that the resulting coihdi-
dence array .was 4096 by 4096 channelsf The individual coin-
cidence eventéiwere stbred on magnetic buffer tape for later
analjsis usihg either tﬁe TMC énalyzef pr the IBMl360/65 com-
putér, ‘The details of the coincidence éxperiments ére:given

4n Tablg VI.



‘ TableAvt. Ganna-gamma coincidence measurements

Elements

Energy Matrix?
(HeV, MeV)

Duration

Number of
Events

Count Rate2

. DAS Cycle
Length3

MTC *

(4.1,2.0)

16 hours

5 piliion

8 kcps

. 600 sec

I & Xe

(4.1,2.0)

43 hours
6 million
14 kcps

25 sec

I & Xe
(4.1,2.0)

44 hours

10 million

12 kcps

18 sec

IThe first and second values are the upper limits for the A

and B sides of the

3The DAS cycle was
'move the tape.
*The generation of

coincidence events respectively.
2The maximum count rate during the DAS cycle.

to count durlng deposition and then to

HTC used.

The parent port vas nsed
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ITY. DATA ANALYSIS

Experiments in nuclear spectroscopy generate very large
amounfs of daka apd require computer analysis to ébtain com-
plete and accurate decéy schemes, Several coﬁputer codes
have been developed by TRISTAN experimenters to facilitate
analysis of the data, some of which are described in greéter

detail in the Appendix.
A. Transition Energies and Intensities

The data from the analyzer were stbred on magnetic fape
" and reéorded at frequent intervals to minimize gain-shift
distorticns of the peak shapes and'qverflow corrections. 1The
computer coae,DISKRITEAwas used;té add these spectra together
and traqsfer the sum onto a private disk pack. - This code
pefformed overflow and gain-shift corrections while summing
“the épectra.

The spectra were analyzed to determine the peak
centroids and areés using the computer codes PEAKFIND (35)
and SKEWGAUS (36). The output from these two codes included
Flots of,£he fits,vpuhched card output of the parameters, and
errors associated_#ifh each peak in the fit. The piots were

used to determine the quality of the fits. The output cards
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vere used'as input .for the codes ENERGY and CRUDGF thch de-
termined the energies and intensities respectively.

The'procedure for detérmining the energies using the
code ENERGY is described below. A weighted 1éast-sgﬂares
straight line for the energy as é functicn of channel number
was obtained for both the calibration and the
calibration-plus-unknown spéctra usiné calibration peaks
that were present in both spectra. The nonlinearity Qf the
system with respec£ fb this LSQ line was obtained from the
calibration spectrum and was assuméd to be the same for the
other spectra. Weighted,ieast-Squares polfnomial fits of-
‘degrees two through_seven vere made df the nonlinearity .
curve, and the best one was used for tﬁe nonlinearity.

~The least-squares line for the qalibration-plus-unknown
spectrum vas used'to4obtéin the straight-1line ehefgie%_of the
well-defined unknown:peaks. Thesé straight-1line eneréies
wefe used to obtain the least-squares straight line in fhe
uﬁknovn spectrum asSoéiatéd with‘the nonlinearity curve.

The :atios of the double~ and single-escape peak areas
to thé area of the full-éneréy peak were determined from
known escaﬁe peaks. The ratijos aé a functidn of energy along
with tﬂe célculated énergies were used by the computer ccde
DRUDGE to iden+ify possibie single- and double-escape peaks
in the unknown spectrum. ‘The'escaée-peaks vere used to

gxtend the‘energylcélibration fbr»énergies greater than the
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B,SMB-MeV 56Co transition.

. \ bootstfappinq’proceés to extend the;energy calibration
was an important part'of tﬁe energy analysis for the'1361
data, since a'large.proportion of the transitions were above
3.5 MeV. The calculation of the energy of the full-energy
_éeak from the bootstrapping was pefforméd with,the assistance
of the qode ENERGY.» A weighted éveré@e of the photopeak en-
ergy obtained from boéth £he single- and dquble—escape peaks
was used to extend the range of tﬁe energy calibration. With
this extended-rahge the energies of other escape peaks were
determined and the éneréy calibration extended still further.
Seven such itefatiOns weré.pe;forméd to extend the enerqgy
calibration,up to 5.4 MeV for the 136I déta.

A relative efficiency curve for photon,detectioﬁ was ob-
tained from the calibration spectra using the peak areas and
known-relative intenéities:of gamma rays from.the:galibration
sources., AThe(cur#e was extended above the highesf energy
calibration transition by assuming that the curve is a
straight }ine on a log-log plot fof energieS'greater‘than 2
Hev; The computer code DRUDGE was used.to convert the peak
areas iﬁ the unkhoénlspeétrqm intq relafive intensities. The
normalization used was 1000 for the most intense transition.
"Por most transitions“studied the'inténsity corrections for
interﬁai conversibn Qere less than the uncértainties in the

intensities.
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A few Higﬁ-energy peaks were observed invthe 136 data
for yhich ;he expected escape éeaks vere nct observed. It
was assumed that these peaks were doublé-éscape reaks and the
areaé of the photopeaks wvere déduced from the escape-peak.
ratios in order to determine the relative intensities. |

Two different norma;iZations'were required for the 1361
data. The 1321-keV tranéitipn*was used for the transitions
teshiting from the décay of the low-spin state and the
381-kevV tranéition for those of.the high-spin state. No
isomeric traﬁsitioh wvas identifiéd, and most transitions
appear to héye cnly one half-life._-The most intense transi-
tion (1313 keV) cphtained ﬁoth'half—iives. The multiscale
data were used.to relate the intensity of these two compo- -
nents to the ig1- and 1321-keV normalizations. The final
normalizations vere 1000 for the short and long half-life

components of the 1313-keV transition.
B. Multiscéle Data

| The 1361 multiscale data,werg recordédAon magnetic tape
as 16K data sets. An Qld t£ansfer program was modified to ‘
sum these data sets and to store the sum oh”the privéte disk
pack for computer anaiysis. Plots were obtained of fﬁe ener=-
gj,spéctra.asscciated with the Sum of thé first three and the
iaét five fime intervéls. 'Theée plots were used té determine

the piacement df windbws that were set on the peaks of
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interest‘and on tha baékgrOUnd'ab0ve-and below the peaks. A
cqmputer code used thése;windows to 6btain'£he li;é-time éérf
rectéd areés of the peaks as a;function of time. The calcu-
lation of’these~corrécted areas isrdescribed in the Appendix.
The code provided punched card output and fit the data to a
singie half-life. The punched card output was used wiﬁh a
different code if more than one half-life was needed to fit
the decay curvé; |

Only two'traﬁsitions were found to contain significant
amounts of both the ground-state and isomeric-state‘activi-
ties. Some other peaks ﬁere found to contain a éompqnent of
constant.activity. fhese components wérelatfributed to

contaminants.
C. Gamma-Gamma Coincidence Data

A plot was.obtained_of tﬁe coincidence profiles. The
two profiles are'the pulse-height spectra obtained from the
respective ADC's gated by fhejoutput of the coincideénce
circuitry. Froum these plots gates were determined for all
tfansifioﬁs of‘interest;  T§o'gates‘were used fér égch”tranQ
sition, One was cenfered'on the peak, and the otﬁer was
placed akove thé'peak ;o identify coincidénces due'to the
Compton background: Events within the appropriate gates were
‘assembléd by the computer code BUFFTAPE which is é&béble of

processing up to 255.gates simultaneously. The resulting co-



4y

inciaence spectra were recorded on magnetic tapé Lty the code.
This tape was read”using the code BUFFREAD, and both the

peak and the backgtound:gates were plotfed. The code BRUTAL
was used in some cases to obtain listihgs of the spectra and
areas of some of the larger_péaks.

‘The plots cr listings were examined to identify coinci-’
dénces. If the peak was significantly larger in the peak
gate than in the background gaté, then thé coincidence was
called definite. If‘it waé only slightly larger or .statis-

tics vere poor, then it was called a possible coincidence.
D. Identification of Contaminants

Contaminant éeaks were jidentified using several differ-
ent teéhniques. AInzéne of these techniques the unknown spec-
trum was compared to a background spectrum. This was used
for the 137Xe decay study. In the 13T study a spectrum of
13ST vas used, bécquse hYdride‘contamihation from mass 135
was the most éerious prbblem,

Another method used was to compare spectra obtained
using differént MTC‘gﬁhéncemehts. Peaks which were not seen
in both spectra’ot,did not’changé in Cchdrdance,with kngwn
peaks were considered to‘beAconfaminants. Other techniques
includéd identification fronm the khown tesultsjof other
fissioﬁtgrbduct decays énd, in the}136I'study, identificatién

of ﬁalf-life as determined from the multiscale dafa.
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Thé nature of contaminatioh varied widely with the
nuclide studied. The cleanest spectré were obtained in the
135Xe deéay study. .Almost all 6f the contaminant activities
obsefved weré those associated with reactor background; 6°Co,
40K, *iAr, and some !37Cs. . The only observed transition in
the speétrum associated with the Qperatioh of the TRISTAN
system was the intense 138Cs transition at 1436 keV. The
spéctrum ob£ained USihg a Pb absorber contained a few peaks
asséciatéd with 140La and'l°6Ba éctivity.

The.iodine decay‘studies contained substantial amounts
of hydride contamination from the lower .iodine ﬁasses. The
contaminant activities identified in the l36I.decay study in-

~cluded 13‘1, 1351, and 13sXe. 'The mui{iscale data were used
'to,identify a few other long-iived transitions and determine
the.amount of contaﬁ;nation in scme of the t361 ;éaks.

The 1381 spectra containeq the largest amount of confam-
ination. Most of the activity observed was 138Xe and 136Cs.
dther activity obseryed included the édjacent masses !37Xe
and 139xe, hydride contamination.f:om 1?71; and 1361 from the

delayed neutren emission of 1377,
E. Construction of the Level Scheme

A review of the literature and systematics was completed
pricr to the construction of the level scheme. From this

reviev and the singles and coincidence results of this work,
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a preliminary -level scheme was constructed. This schene wvas
'éxtended using the computer code LVLSURCH. The final

decision.on'wﬁether_a proposed level was acéépted depended on
several factors, mqst’of which ére contained in a confidence

index (CI) which is defined as:

CI = Ng + 2Ng + N

jole

where Ng is the total number of ‘transiticns populating and

depopulating the level, N, is the number of definite coinci-

c
dences, and N be is the number-of possible coincidences.
levels were accepted if the confidence index was three or

greater.
P. sSpin and Parity Assignments for Levels

Beta feeding‘to fhé levels was calculated using the com-
puter code'LEAF, and the logft values were calculated using
the code LOGFT. It ﬁas not possible to measure the ground-‘
stdte beta branchihg with an equilibrium spectrum, because
xenon emanatés from‘the stearate along with the icdiﬁe.

For the'lﬁGI decay study, some transitions were multiply
placed. ' Since thé‘iﬁtensity associated with each placement
cduld notlbe.deterﬁined, two calculations of the befa
trénching and IOgQE'Valueé were performed. The multiply
4 p;aced transitions were assumed to have their full intensity

at all placements in one calculation and zero intensity at
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all -placements in the other. 1If the two valﬁes ogtained weré
uithin'uncertaintieé, aﬁ average was used, otherwise thg |
values were interpreted as limits for tﬁe actuallvalue.
Whenever possible, limits Qere'placed on the spiﬁ and
parity assignments on the basis of deduced lcgji'Values, ob-
served gamma transitions and éfstematics. The rules for as-
signments based on log§34Values are those éf Raman and Gove

(37). . A summary of these rules is pféSented in Table VII.

Table VII. Rules for spin and parity assignments based
on logft values

Logft 'Spin Change Parity Change
Values
Z < 80 :
Logft < 5.9 J=0,1 No
Z >80 | . |
Logft < 5,1 : J = 0,1 No
Logf,t < 8.5 S J=0,1 Yes aor No
Logft < 11.0 J=0,1 Yes or No
" ‘ . or J = 2 ' Yes

- D - D R D D D G P L SR SR TR DR AR D R D R D I DD Gh WD R WR G S UL W G TR D Gn R L G WS G WA D VR AR R W G .
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IV. EXPERIMENTAL RESULTS.AND DECAY SCHEMES

For each'aétivity studied, figures of gamma singles and
coincidenca specira and the proffered level scheme are given.
In the level scheme figure,’a solid dot at thelextremity of
a transition.was dsea if at least one definite coincidence
was obserVed,‘and.a hollow dot was used if only a possibleA
coincidence was observed. A table of the.cbserved transition
energies, relative intensities and their placements is given.
ther tatkles presented include coincidence resuits,‘a com=-
parison of:the rgsults of this work to previous studies and

beta brhnching @educed from the logft Qalues.
A, LCecay of 13671

A singles spectfum (spectrum A of Téble IT.) for ener-
gies'less_than 1340 keV is shown in Fiqgure 9 and a spectrunm
{(spectrum B of Table IIm) for energies greater than 1350 kev
is shown in Figura 10. Contaminant activities observed in-
¢luded t3sr, i35xe,‘}3?xe aﬁd the réactor background
activites *1Ar and 69Co., The energies, intensities and
placements of thé observed gamma transitions are given in
Table VIII., It was not possibie to defermine the half-life
of some transitions fronm eithgr multiscale measurements,
placement in the<levei scheme or comparison of re}ative_in-

tensities in spectra A and B of Table II. The intensities of
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Table.  VITI., Gamma transitions observed in 1361 decay

D D A S D Y " R A SR S WP GRS D US B ED GO 4SO Wb TP N G LGN Gh o G W D L Gh R R TR WY M I W e P D R G R D P G G D e NS TR SR G W S ED WD W G NR GR ER e G WD W S Y G e G WP W W A W W A

"Energy’ I _ . Relative Intensity A - Placement
(keV) . 45 second. , . 85 second Halflife
: ©~ Activityl: : ' Activity? . Unknown3

164.12 + 0,16 4.3 + 0.9 2609 -=> 2uuu
182.7 + 0.2 7.4 + 0.9 24U44 -=-> 2262
197.33 + . 0,C5. 783, + 45, 1892 --> 1694
219,33 '+ 0,15 ' 12.3 ¢+ 1,0 A 2634 -=> 2415
200.5 + 0.2 3.4+ 0.7 ' 2849 --> 2609
270,2 + N, 3.1 + 0.8 2560 ==>- 2289
309,17 2 0,7 5.1 + 0.5 2869 ~-=> 2860
318.6 + 0.2 5. + 0.4 ) : o 2044 -=> 2126
339.4 + N,z 2.6 + 0,5 ' - 2UE5 -=> 2126
3uL,72 & 0,10 ' 36. + 3. 2634 -=> 2289
346.81 + 0.10 30.T £ 1.8 2608 =--> 2262
362.5 + 0.4 1.9 + 0.3 : 3212 --> 28u9
370.13 ¢+ 0.C6 - 175. + 10. v 2262 -=> 1892
381,37 + 0,C6 99R, + 55, - : ' 1694 --> 1313
396,00 + N,z ‘ 6.4. + 0.8 4269 --> 3873

. 4454 --> 4058
431,38 + 0.12 5.3 + 1.9 3.0 + 1.0 2126 -=> 1694
434,18 + D.11 . ‘ 1.9 ¢+ 0.9 2560 ==> 2126
482.80 +

e Th e s W as W e

- 1Intensity ncormalized to 1000 for the U45-second component of the 1313-keV transition.
2Intensity normalized to 1000 for the 85-second component of ths 1313- kav transition,
35ame normalization as for the 85-second act1v1ty.

LS



Table VITII. (continued)

Fnargy o : Relative Intensity\ . Placement
(kav) . -+ U5 second 85 second Halflife
. Activity1l : Activity2: - Unknown3

582.69 + 0.14 B.4/ ¢+ 0,6 _ S ' 2uu44 --> 1892

597.8 ¢ 0.2 5.4 + 0.6 : 3873 =-=> 3275

682.7 + 0.3 2.8 + 0.4 ‘

716.7 + 0,3 9.8 t 0.7 , ' 2609 ~--> 1892

750.05 + 0,07 58, .+ 4, : : 244y -=-> 1694
T70.75 & 0,15 12.8 + 0.8 - ' : 2465 -=-> 1694

812.63 + 0,08 26, + 9, 13. + 4, 2126 =-=> 1313

865.5 #+ 0.3 9.6 + 0.8 2560 ==> 1694
914,11 + 0,2 35. - "+ 2, o 2609 -=-> 1694

976.5 # 0,2 4o, + 3. 2289 =-> 1313

994.2 + 0.2 24,2 + 1.3 o 4269 --> 3275°
1057.4 -+ 0.4 4,3 £ 0.7 4269 --> 3212
1101.4 + 0.3 7.2 + 1.1 - 2415 .--> 1313
1178.6 + 0,3 3.3 + 0.5 B , ugsy --> 3275
1222.6 + 0.4 2.3 + 0.4 K :
1T246.84 + 0,10 = 3.0 & 1.8 2560 =-> 1312
1313.02 + 0,10 1000. .1000., : 1313 -=> n
1321.08 + 0.10 372. + 26, . 2634 -=> 1313
1385.6 %+ 0.4 .8 t+ 0.3 ' : : 3830 --> 2u44
1399.9 + 0.5 . 1.6 + 0.4 . 4269 --> 2869
1536.41 + n,10 9.4 + 1.1 : - 2849 -=> 1313
1555.97 + 0,15 7.0 + 0.5 o 2869 --> 1313
1583.5 + 0.2 ' -3.8 + 0.5 3872 --> 2289
1592.8 + 0,2 2.5 ¢+ 0.3 : 40588 =-> 2465
1624.8 + 0.3 : 3.5 % 0.5 bu74 -=> 2849

A



_Table VIII. (continued)

e e e o S e o e o e e o o o ot e & e e o o = o o o en - - - . = - - - - - -

Enerqgy : : . Relative Intensity Placement
(kaV) -+ U5 second 85 second Halflife '
: Activity? : Activity? Unknown3
1635.2 + 0,2 5.6 + 0.6 U269 --> 2634
1639.8 + 0,5 2.8 ¢+ 0.6
- .1663.1 + 0.8 1.0 + 0.4
1666.0 + 0.4 2.6 + 0.4 2979 --> 1313
1686.1 + N,.3 4.6 + 0.5
1689.0 + 0,3 3.9 & 0.5 ' »
“1709.,4 ¢+ 0,2 10.4 + 0.7 " 4269 --> 256C
1738.1 ¢ 0,3 o 2.4 + 0,4 ’ :
-1796.0 + 0,2 6.9 + 0,5 L 4058 ==> 22K2
1820.0 + 0.3 3.2 0.4 4usy --> 2634
1911.17 + 0.4 1.4+ 0.3 4545 -=> 2634
-1937.4 + n,S 2.1 &+ 0.4 383C --> 1892
1962.2 + 0,3 34,2 ¢+ 1.9 3275 --> 1313
1968.4 + 0,4 2,5 + 0.4 4947 --> 2979
1979.6 + 0.3 2,0 £ . 0.3 . 4269 --> 2289
2039.2 + 0,4 2.4 + 0,4 - 4458 --> 2418
2135.8.- + 0,2 - 6.9 + 0,5 - ¢ 3830 --> 1694
2165.8 + 1,5 6.7 + 0.6 : ‘ : _— 4cs8 --> 1892
2168.,2 + 1,1 : 1.2 + 0.8 5017 -=> 2849 .
2178.4 + 0,2 8.8 + 0.6 3873 --> 169U
2227.9 + 0.5 6 + 0.4
2289.6 + 0,2 156. + 8, : 2289 --> e
2312.8 + 0,5 1.0 ¢+ 0,2 49u7 --> 2634
6186 ~--> 3873
+ 0.3 4.1 + 0.4 4058 --> 1694

2362.8

£9



Table VITI. (contirued)

Eneragy : Relative Inteénsity Placement
(krV) 45 second 85 second Halflife :
: Activity? ' Activity2 - Unknown3

2382.,7 + 0,3 3.2 + 0,4 - 5017 -=-> 2634.
2414,.6 + 0,2 102, + 5, . 2415 -=> §
2427.8 '+ 0.3 2.7 + 0.4
2480.4 + 0.U 2.0 + 0.4 . '
2548.2 + 0.4 1.9 + 0.4 5760 -=> 3212
2581.,3 + 0.7 ‘ 0.8 + 0.2 6012 --> 383C
2601.8 + 0.9 7.8 + 0.9 5017 --> 2415
2634.2 + 0,2 101, + 5, 2634 -=> . ¢
2657.9 + 0.4 1.4 + 0.2 4947 --> 2289 .

‘ f 5218 -=> 2560
2828.5 + 0.3 1.5 + 0,2 6104 -=> 3275
-2849,2 + 0,7 0.5 + 0.2 2849 =-=> 0
2889.7. + 0.7 " 0.6 + 0.2 -
2868.9 + 0.2 59, + 3. ' 2869 -=> - 0O
2956.3 + 0,2 10.8 + 0.6 4269 -=-> 1313
2979.1 + 0.3 .6 + 0.4 2979 -=> ¢
3132.1 %+ 0.5 } 0.73 ¢+ 0.15 ,
31819.1 + 0.3 10.4 + 0.6 4454 ~-=> 1313,
3195.4 .+ 0.4 2.5 + 0.3 5321 -=> 2126

+ 1.0 0.7 + 0.3 5760 ==> 2560

3200.5
o : 6412 -=> 3212

NS



Table VIII. (continuad)

Relative Intenéity

Energqgy _ - ‘ ' ‘ : Placement
(keVy " 45 second - 85 second ~ Halflife
Activity1? : Activity? Unknown3
3u82.6 £ 0.4 : - - R 1.36 ¢+ 0,14 5608 -=-> 212¢
A ' ' : : ' - 6091 -=> 2600
3489.4 + 0.5 0.70 ¢+ 0,12 ' _
3525.6 + 0.6 - e T 2004 6395 --> 2869
3600.0 + 0.6 0.62 + 0,13 . ' 5862 ~--> 2262
3626.4 + 0.4 o : : : : 2.5 + 0,2 6091 =-=> 2465
' ‘ 6186 --> 2560
3634.6 % 0.5 1.8 + 0.2 4947 ==> 1313
- _ 5760 --> 2126
3673.9 + 0.5 2.5 + 0,2 - 5800 -=> 2126
3735.9 + 0.5 0.89 + 0.14 5862 --> 212¢
3775.0 ¢ 1.0 0.40 + 0.18 6409 --> 2634
' B 6624 -~> 28u9
3794.3 + 0.6 0.72 + 0.18
3925.0. £ 0.4 1.21 ¢+ 0.19 6186 --> 2262
" 3967.8 + 0,5 1.47 + 0.18 6412 -=> 2uuyu
4005.0 + 0.8 0.8 + 0.2
- 4063.9 + 0.4 2.5 + 0.3 6624 --> 2560
4208.9  + 0,5 0.69 + 0.17 ~ 6624 ==> 2415
4269.5 + 0,2 5.3. & 0.3 U269 --> 0
4396.3 + 0.8 0.30 + 0.09 . ' . 6091 ==> 1694
u4s54.5 + 0.7 ' 0.60 £+ 0.15° : : 4usy --> 0
4473.8 + 0.3 2,0 + 0,2 ' 4u74 --> 0
4519.1 + 1,0 -0.22 £ 0,10 . 5832 ==> 1313
4s4u.4 + 0,5 -0.86 ¢ 0.17 4545 --> n

Ss



Table VIIT. (continued)
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~ Energy : Relative Intensity Placement

(k2V) o 45 sacond : 85 second Halflife ' ‘

: o Activity?! . Activity? ~ Unknown3
4560.0 + 0.4 1.41 + ¢.18
4e1d.4 + 0.6 0.74 + 0,14 ,
4711.1 + 0.4 0.8 + 0.2 4711 =-=> 0
4723,0 + 1.4 0.19 0.11 :
4729.6 + 0.8 0.0 + 0.11
4739.1 + Nn.5 1.6 % 0.2 : 6053 -->-1313
4772.0 + 0.8 0.55 + 0.14
ugsu,4 + 0,6 0.36 £ 0.09 ‘ :
4873.4 . + 0.9 0.28 + 0.12 6186 --> 1313
4889,3 + 0.4 : 2.2 + 0.3 ,
4929.,4 + 0.3 .71 + 0,18 : 6624 -=> 1694
5017.0 + 0.3 1.30 + 0.14 5017 ==> 0
5091.2 + 0,6 0.54 + 0,12 »
5128.9 + 1.1 0.41 + 0.15
5187.0 + 0.4 1.04 + 0,18
5217.5 + 1.1 0.4 + 0.14 5218 =-=> 0
5255%5.4 + 0.9 0.58 + 0.14 :
5320,9 + 0.3 1.1 + 0.2 5321 ==> 0
5608.0 + 0.4 2.2 ¢ 0.5 5608 ==> 0
5800.5 + 0D.u 1.9 + 0.4 5800 =-=> 0
5870.7 + 1,2 0.4 + 0.3° 5870 -=> 0
5968.4 + 1,0 0.21 + 0.18 5968 -=-> ¢
6012.9 + 1.0 0.22 + 0.18 6013 ==> n
6052.8 + 0.5 0.8 + 0.2 6053 -=> 0
6104.,2 + 0,6 2,0 + 0.4 0

6104 -->



Table VITII. (continued)

Enerqgy - . Relative Intensity. : Placement
(keV) 45 g=2cond 85 second Halflife
Activity!? Activity? Onknown3

6114,.3 + 9,7 . 1.0 + 0.3 6114 -=> 0
6126,3 + 0.5 .4+ 0,4 _ 6126 -=-> 0
£169.7 + 0.8 0.21 ¢+ 0.06" 6170 ==> 0
6199.9 + 1.3 .17 + 0,08 : 6200 --=> (A
6253.3 + 0.8 0.50 + 0.15 _ 6253 -=> 0
6395.1 + 1.1 0.24. + 0,09 ‘ - £395 -=> o
6408.5 + 1,2 0.28 +  0.10 6409 --~> 0
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these tranéitions were normalized to 1000 for the component
of fhe 1313—kev transition .populated by the 85—sécond iodine
activity. This nérmalization wvas chosen bécause most such
transitions are of high energy and protably decay to the
ground state or a low;spin excited state.

A‘few transitiqns were placed twice in the decay scheme.
Both placemenfsvare shéwn in. the table with the secénd
plécement immediately fol;owing the first. The,ligted inten-
sity is the full'intenSity of the peak. The doubly-placed
transitions ars at 396, 2313, 2658, 3&83,»3626,'3635, and
3775 kév. |

Comparisons of the relatiﬁé infénsitiés obtained in this
work with values reported in previous beté decay studies ére
given in Tables IX; and X. fc: the QS-second and_85—second
‘activities‘respectively. The peak at 3248 kev, which has
been reported,in'prqvious decay studies (11,12) as a gamma
transiton was identified in this study as the double-escape
peak for the 4270-keV transition.

The possible 100-second isomeric state obserﬁed'bf
| Luﬁdan (1M wés not seen in this iork; :The decay curves as-
sociated with five fransitions populated by thé 85-$econd ac-
tivity are shcwn in Fig@re 11. Lundan (11) reported the
1321-keV and 1536-kev transitions as being populated by only
the 100-second isomeric state, the 12&7-kev_£ranéition by

only the 85-second state, and the 2289- and 2415-keV transi-
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Comparison of gamma intensities! with
previous studies of the 45-second

carraz
et al.

(10)

Lundan

(1

D DD e D AR W P AP - S " WP e P P D S D WD G R D e W S WD AR SR T S M W M A e

850

190
980

weak

1000

weak

isomer of 1367

Energy This Work
(keV)

164 4.3 + 0.9
183 7.4 + 0.9
197 783, t 45,
220 .
319 5.1 + 0.4
339 2.6 t 0.5
347 30.1 ¢ -1.8
370 175, + 10,
381 998, + 55,
431 6.3 t+ 1.9.
434 :

483 17.5 &+ 0.9
553 8.4 + 0.6
717 9.8 + 0.7
750 58. + U,
771 12.8 + 0.8
813 26, + 9.
914 35, ¢+ 2.
1313 1000.
1386 1.8 ¢+ 0.3
1536

1593 2,5 ¢ 0.3
1796 6.9 + 0.5
1937 2.1 + 0.4
2136 6.9 t 0.5
2166 0.7 *+ 0.6
2178 8.8 + 0.6
2363 4.1 ¢+ 0.4

+

20
60

77¢C

130
1000

1000

50

713
40

167
1000

1000

1Intensities normalized to 1000 fer the 45-second
component of the 1313-keV transition. -
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IIntensities normalized to 1000 for the 85-second
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Comparison of gamma intensities?! with

component of the 1313-kev transition,

Table X.
previcus studies of the 85-second -
isomer of 13seT -
Enerqgy This Work Carraz Lundan Erten ,
" (keV) “ et al. (10) (11) et al. (12)
219 12.3 ¢+ 1.0 20 ¢+ 2 10
240 3.4 + 0.7
270 3.1 + 0,8
309 5.1 * 0.5
345 36, + 3, 60 + 6 . 31 29 + 3
363 1.9 ¢+ 0.3
396 6.4 + 0.8
431 3:.0. £+ 1.0
43y 11.9 + 0.9 s .
481 - ‘ ' - 9 )
598 5.4 + 0.6 - _
751 . , : 11+ 1
813 13, + 4. , .22
86€" 9.6 + 0.8
976 S 40, '+ 3. 60 t 6 34 53 + 5
994 24,2 ¢+ 1.3
1057 4,3 + 0.7
11071 7.2 = 1.1 : :
1247 3.0 t+ 1.8 42 32 + 3
1179 3.3 t 0.5 . :
1313 1000, ‘ . 1000 1000 1000 .
1321 372, + 26. 440 + 44 320 368 + 37
1400 1.6 + 0.4
1536 19.4 + 1.1 40 + 4 17 27 + 3
- 155¢€ 7.0 & 0.5
1584 3.8 + 0.5
1625 3.5 + 0,5
1635 5.6 + 0.6
1640 2.8 + 0.6
1666 2.6 + 0.4
1686 4,6 - + 0.5
17089 10.4 + 0.7 27 + 3
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tions as bsing populated by both the 100-second and 85-second
isomeric.states. The half-life of the long-lived isomeric
state was determined to be 8%5.2 t 1.8 seconds from a weighﬁed
average of the half-lives for the. 1247-, 1321-, 2289-, and
2415-keV transitions. |

Dacay curves fof the 197~ and 381-keV transitions, popu-
lated by the shert half-life isoﬁeric s£ate, are also shown
in Figdre 11. The half-life Qalﬁe obtained from averaging
the vdlues for these two transitions was 44.8 + 1.0 seconds.

Examples of the coincidence spectra used toc construct
the.level sqﬁéme are shown in Figure 12. -The gates used and '
the coincidenqes observed in each of thesé jates are
tahuiated in Téble XI.

The percent beta feeding and.logft values for tﬁe levels
frbm tﬁe tvé‘iscmers are presented in Tablé XII. Logft
limits were specified for some of the levels asscciated with:
multiply placed transitions. A Q-value of 6890 kev (accepted
by the Nuclear Data Sheets (13)) was used for bcth isomers.
The ground-state beta feeding from fhe 1cw-spin.isomer was
assumed to be less than ‘2% as deduced by Johnson and O'Kelley.
(6) and accepted by the Nuclear Data sheets (13).

Only one_level scheme is presented because of the com-
plex naturé of the feeding to the 156Xe levels from the two
isomers. The proposed level scheme is.shown in Figure 13. A
comparison of the levels obtained iﬁlﬁhisAstudy to levels ob-
tained.in previcué decay studies (10,1&,12)Aand (p,pP') exper-

iments (20,21) is shown in Figure 14, A level by level dis-
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Table XI.. Coincidencés observed in 13eI decay

Gating '~ Definite = Possible
Enerqgy ' Coincidences .- Coincidences
“(keV) o - (keV) (keV)
197 381, 1313 ' ’
219 . 2415 : 1101, 1313
3454347 . -370, 976, 2290
370 - 183, 347 4 1796 '
381 197, 421, 750, 771, 866, 914, 396, 483, 2178
1313, 2136, 2363 R ’
431 381, 434, u83, 1313 319
434 309, 4z1, 813 . - 381
483 431, 813, 1313 S 381
750 164, 381, 1313 ' -
771 381, 1213
813 319, 434, 483, 1313 ' 339
914 381, 1313
976 309, 345, 1313
994y - 1313, 1962
1247 - 309, 1313, 1709 ' :
1313 197, 381, 431, 434, u83, 750, - 309, 994, 2136

771, 813, 914, 976, 1247, 1321,
1536, 1556, 1962, 2956, 3141

1321 1313 1635, 1820
1536 1313 : 362

1962 994, 1313 . o ’ 396, 598
2290 345 . ‘ 270, 1980
2415 219 _ :

2634 SR , A 1635

2956 1313 ‘ : ' :

3141 1313

- > A AP S b . WP S S W W AP D S SR D e WD W R WP G R R P AD WD Ab WD D G D WP D A D AR S S W W D G eh o e

cussion follows.
Ground state. The spin and parity of the 13%Xe ground
state is assumed to be 0+ since it is an even-even nucleus.

The spins of the 85- dndlus-second 1367 states have not been



Tabls XII. Beta feeding ard logft's for 1361 decay -

S

Level energy 85-second isomer 45-second iscner1
(keV) } % beta branching  Logft _ % beta branching Logft
0.0 - <2.0 >8.6 : ‘ '

1313.07 & 0.08 30. t 4. 7.1 _ <4,7 : . >7.6

1694.44 ¢+ 0,09 0.0 5 ' : <4.,5 >7.5

1891.77 + 0.10 . 67. + 8. 6.22

2125.77 ¢+ 0.10 <0.2. ' >8.9 , <1.5 . >7.8

2261.86 + 0. 11 , A ' ‘ 12.1 ¢+ 1.2 ' 6.8

2289.54 ¢+ 0.11 10.2 + 0.9 7.2

2414,77 ¢ 0,13 6.2 + 0.5 7.3

2444,50 + 0.11 6.8 + 0.7 7.C

2465.13 + 0.13 : 1.12 ¢+ 0.12 7.8

2559.93 + 0,10 2.6 + 0.3 7.7 :

2608.63 ¢+ 0. 11 ‘ h 9.0 + 0.7 : 6.8

2634,18 ¢+ 0,10 34, + 3. 6.52

2B49,.39 + 0.15 1.10 + 0.12 7.9

-2869.05 + 0,13 4.6 + 0.5 7.3

2979.1 ¢ 0.3 0.32 ¢ 0.05 8.4

3211.9 + 0.3 023 ¢ 0.07 8.4

3275.2 + 0.4 0.0 ' - '

3830.1 + 0.4 1.02 £+ 0.10 1.2

1Spread of % beta feeding and logft values due to multlple placement
of some gamma rays
2Logf,t < 8.5 sc beta transition has spin change < 2
*

.99



Table XII,

(continued). -

s > D > e - " WS D R D W WS GRS S Y W - - - Y " T D A D e A W e e e e e e - - —

. level:energy

- (keVy

85-second isomer 45-second iscmer

% beta branching Logft '% beta branching Logft

e S R D Y D T WD W S G U YD e D NE SR S G G S RS WD S G D G R D D D D D D G D D WD D G S e e D - . . TR En - e WP D - - - - -

3873.1
4057.8
4269.35
4454, 0
4474, 0
4545, 0
4711.2
4947, 4
5017.0
. 5217.8
5321, 1
5608. 3
5760, 3
'5800. 2
5832, 2
5861, 8
5870. 8
5968, 5
6013.0
6052.6
6091.4
6103.9
6114.4
6126.4
6169.8

MoH H M M e K R

(o NN o NeNeo S i oAl =N N No o No NoRo o No o No o)

® & e o 6 s @ 06 ¢ © o 8 0 B s & O g o e © ° + o

DUV WWEFOOMNUAVTWWWUHNNWWEONWND2WN

o
.
-
Yo}
H
o
.
o
[0 0]
o
.
-

- : 1.33 ¢+ 0.13. €.92
4.8 + 0.5 6.52 o
1.3 - 1.8 6.92 - 6.82
0.37 + 0.04 7.5 .
0.15 ¢ 0.03 7.8
0.05 ¢ 0.02 8.1
0.17 = 0.45 7.4 = 7.02
0.51 + 0.09 6.92
0.03 = 0.12 8.0 - 7.32 ,
0.24 + 0.03 6.92
0.15 = '0.24 6.82 - 6.62
0.12 - 0.30 6.72 - 6.32
0.30 .+ 0.03 6.32
0.10 & 0.02 6.72

0.14 £ 0.02 . 6.22

0.03 + 0.02. 7.22
0.014 + 0.012 7.32
0.015 ¢+ 0.012 - 7.32
0.16 + 0.02 6.12

| | : 0.03 - 0.29 6.62 - 5,52
0.24 + 0.03 5.92 : =
0.07 + 0.02 6.42
0.09 + 0.03 6.32
0.014 + 0.004 7.02

L9



Table XII. (continued)'
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- .Level -energy 85~-second. isomer - " 45-second iscmer
(kev) . % beta branching Logft _ ' % béta.branching< Logft

6186.5 + 9.4 .
6253.4 + 0.8 " 0,034 + 0.010 6.52
6394.8 ¢t 2.6 0.13 ¢+ 0.03 5.52 ,
6409.0 + 0.8 0.02 =~ 0,05 6.32 - 6,02
6412,3 + D.4

- 6624,1 % J.U

0.54 ¢+ 0.04 : 4,22

89
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meaéured but the 1o§§£ values to the excited levels limit the
possible spin assignments.
The 2634~keV level, which is fed ty the low-spin iscmer,

decays directly to the 0+ grcund state, thus its spin is 1
or 2. A logflg value of 8,2 for the beta‘feeding to this
level limits the spin of the 85~second, low-spin isomer.to
between 0 and 3. The absence of any measured beta feeding to
the~grouhd state (6) or to the 4+ level at 1694 keV favors a
spin of 2. Negative parity is favored from shell model
argumants for both the 85- and 45-second isomeric states,

. The spin of the U45-second isomeric state is limited to
5, 6, or 7 by a logf,;t value of 8.0 for reta feeding to the
6+ level at 1892 keV. A spin of 5 was favored by Nuclear
Data Sheets (13) on the basis of significant befa feeding to
the 4+ 169u-kev level as reported by previous decay-studies.
(10,11,12). After consideration &f internal conversion
coefficients and feedinélfrcm,higher_levels, nc evidence for
beta feeding toc the 169a—kev_level:was'seeh. A lower limit
of 9.4 for the logf,t value was obtained§ thus there is no
reason to favor spin 5 for the 45-second isomer. if‘én as-
signment of 4+ as'indicétedAby (p,p') data (21) for the
2444-keV levél is accepted, then the cbserved beta feeding to
this level vdﬁld'eliﬁinate spin 7 for the u5-seéoﬁd iso@er.
Since the spin of the 2126-kev level is limited to 2, 3, or

4, the small amcunt of beta feeding to this level‘does not
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éupport an éssignment of 7 té the U45-second isomer;

j313.07 £ 0.08-keV level. This well-established level
has been acce@ted as’'a 2+ sfate.by Nuclear Data Sheets (13)
which is consistent with the systematics of cother N=82 nuclei
and the evan Xe isotopes. The beta feeding is from only the
low-spin isomer. Edvardson and Norlin (17) reported the
B(E2) value of the ground-étate transition to be 0.17 + 0.03
‘e2b2 from a Coulomb excitation experiment., They alsc report-
ed a lifetime for this level of 0.59 ¢+ 0.15 FiCOSeconds.

1699.&& + 0.09-keV level. This level is éstablished by
a strqng‘coincidence of the 381-keV transition with the
1313-keV transition. The spin‘and parity assignment of u+
fo;{this level is confirmed by its observation as a membér of
the YRAST band ty Cheifetz g;_gl. (16) . This assignment is
also confirmed in inelastic proton scattering and is consist-
ent with the systematics of the N=82 isotones. No beta
feeding to this lével from the 45-second isomer was observed
in disagreement with earlier decay work. '

1891.77 ¢ 0.10-keV level. This level is established by
a stfong coincidence between the 197- and 381-keV trapsi-
tions. :Bésed on the_EZ(character of 197-keV transition, the
‘observation of this level as a member bf the YRAST band in
252Cf (SF) studiés (15 16), and thé systématits of the N=82
1sotones, the spin and parlty for this level is- probably 6*

The half-llfe of this level has been measured u51ng delayed
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beta-gamma, gamma-gamma and fission-éamma_coincideﬁces
(10;11;15). 'The value accepted by Nuclear Data Sheets (13)
is 3.0 + 0.2 microseconds,

Lundan (11) postulated a level at 1962 keV which was
depopulated only by a 1962-keV transition. In this work, the
1962;keV transition was seen'in‘coincidenée with the 13i3-key

transition and was placed depopulating a level at 3275 kev,

consistent with the results of -Carraz et al.(10) and Erten et

al. (125. |

2125.77 & 0.10-keV level. This level is eétablished by
the dapopulating transitions at 431 and 813 keV whichlare
seen in coincidence with the4381; and 1313-keV transitions
respectively. The level wuas postﬁlated by Lundan (11), but
was not observed éy Carraz et al. (10) cr Erten et g;.'(12)
or accepted by Nucleaf Data Sheets (13). The 431- and
é13-kev‘transitions ha?e been measured as having both half-
life components and populate the 4%+ and 2+ levels at 1694 and
1313 keV respectively; thus the spin is limited to 2, 3, or
4, A spin 6f 3 or uAis fav§red for this level on the basis
of a small amount of beta feéding from the high-spin isomer.
A level at 2108 kéV was seen in the (p,p') studies (20,21)
and was éssignéd a spin of 5 or 6 byASGn et al. (21). This
is inconsistent with the results of this work if the levels

are the sane,

-
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2261.86 + 0.11-keV ievel. This level is established by
the de-excifation transiﬁion at 370 keV which is strohg and
decays with a 45-second half-life. It is not seen in prompt
Coincidence_with the 195-, 381-; or 1313-keV transitions,
because it is assumed to feed the 6+ level at 1892 keV which
has a 3 microsefbnd half-l1life (13). The 2262-kev.1evel was
reported by the three decay étudies (10,11,12)'and was seen
in both (p,p") experiments4(20,21). An assignmeﬁt of 6+ was
made by Seii et gl.l(21) vhich is consistent with this work.

2289.59 + 0.11-keV level. This level is established by
a,gfound-statg transition énd a 976-kev transition which is
seen in coincidence with the 1313-keV fransition., This level
was feportéd‘by eérlier decay studies (10,11,125 and by Sen

t al. (21) who assigned it a spin of 2. The existence of a

D

strong ground-state transition 1imits the spin to 1 or 2, so
an assignment of 2+ is favored for this level.

2414,.77 + 0.13;k§V level. This level was seen by the
earlizsr decay studies (10,11,12) and by both (p,p') studies
(20,21), A ground-state transition limits the spin to 1 of
2, Since the reactidg assignment is 2+ for this level, a |
spin of 2 is favored.. '. ‘

.Zuuu.éo + 0.11-keV level. This level is established by
coincidence between fhéA750- and 381-keV trénsitions. Since
it depopﬁlates to levels with spins of 4 and 6, the possibie

spins are:4, 5, and 6. This level has been seen only in the
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(p,p') work bf Sen et al. (21) whé repofted.it as a 4+ 1evel;
hence a spin of 4 is favored for this level. ﬁultiscale data
on the 750-keV transition confirms that the level is fed by
the high-spin isomer. |

2&55.13 t 0.13-keV level. This new levél,‘which has not
been repofted in earlier work, is estatlished by a definite
coincidence of the 770- with the 381-keV transitioh.

2559.93 O.10-kev level, 'Thié level is established by
a definite coincidence between the 12“7- and i313-kev transi-
tiéns and by ofher coincidences. It was proposéd by Erten'g;
al. (12) and reﬁqrte@ in the (p,p') work (20,21) . Transi-
tions to the 2+ 1evei at 1313 keV and the 4+ level at 1894
keV limit the Spin to 2; 3, or 4. An assignmeﬁt of 4+ is fa-
vored based on an assignment by Sen gt al. (21).

2608,53 ¢ 0.11~kev'1eve1. This level is established.by
several coincidences and was postulated by Lundan (11) but
not accepted by Nuclear Data Sheets (13). It is fed by the
Ihigh-séin isomer and‘transitions to the 4+ and 6+ leﬁels at
1696 and 1892 keV, respéctively, limit the spin assignment to
a,'s, or 6. A transition from the Zéué-ksv level,vwhich
decays also tb the‘ground state, further restricts the spin
to U+, . _ |
| 2634.18'1 G.10-keV level. This level was seen in
earlier decay workr(10,11;12) énd'a st;ong ground-state tran-

sition limits the spin to 1 or 2. A spin of 2 is favored
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based on the results of Sen gt al. (21). The 1321-keV tran-
sition was placed as depopuiating‘£his level, so no level
doublet was required as proposed‘by Lundah (11).

2849,39 ¢ O.iS-keV level. This level was postulated in
previous ‘decay studies (10,11,12). Multiscale data on the
1536~keV transition ihdicates that this level is fed by only
the low-spinliscmer and a ground-state transition limits the
spin of the level td 1 or 2. An additional transition to the
4+ level at 2609 keV .restricts the spih to 2+,

The laval proposed by Cérraz et al. (10) at 2854 keV is
not accepted inAthis work. The 219-keV traﬁsition was placed
on the basis of coincidence results as depopulating the
2634=keV lavel énd a small peak at 567 keV was measured as
being long-lived relative to 85 seconds.

12869.05 + G.13-kev level. Earlier beta-decay studies
have established this level (10,11,12). The preseﬁce of a
ground-stafe transition 1imits the spin to.1 or 2. The broad
peaklin thg (p,g') data (20,21) at épprdximately 2555 kev
probably results from the excitation of both the 2849~ and
2869-keV levels. v

A level postulated at 2956 keV in earlier decay studies
(11,12) and accepted by Nuclear Data ﬁheéts (13) wa s not sup-
ported in this study. The 2956-keV transition was seen in
coincidence with tﬁé 1313-keV transiticn and is postulated to

depopulate a level at 4269 keV.
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The levels below 2900 keV are coﬁsidered to ke well-
established from'enefgy suﬁs and coincidence information.
pevels above 2900 keV are in many casecs less well-established
because of poor statisics for gamma.ﬁraﬁsitions greater tﬁan
2 MeV in the ccincidence spectra and the larger uncértainties
in energieé for transitions greater than 3.5 MevV.

2979.1 + 0.3-keV level., This level was not rsported in
previous decay studies. The existence of a ground-state
transition limits’the spin to 1 or 2. A reaction level ob-
cerved in the (p,p'j‘work_of Sen et al. (21) at 2969 keV with
a spin of 2 may correspond to this level. _

A level ércposed by iundan (11) at 3006 keV was not sup-
ported‘by‘the resﬁlts of thisvstudy; The doublet at 345, 347 .
keV was nOt resolvgd in his study.and the coincidence ob-
served in this study is between the 370- and the 347-keV
transition rather than the one at 345 keV as reported by
LundanA(11). No coincidences with other trénsitions depopu-
1ating the 2634-keV level were observedf H

Another level ati31u1 keV was postulated by Lundan (11)
and Erten gg g;; (iz) and aqceptea bf Nuclear Dataléheeté
(13). It was not accepted}in'this study.l TheA31§1-kev tran-v»
sition was observed in coinéidence with the'13i3-kev traﬁsif
tion and was placed as depopulating a levél at 4454 kév.

| "3211.9 # 0.3-keV level. 'Lundan (11) proposed this level

on the basis of.the'energy sum of the 1962- and 1247-keV
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transitions and on the éxistence of a grognd—state transi-
tion. 1In fhis wo;k, the 1247~ and 1962;kev transifions are
placed elsewheré. The 3211-keV ground-state ttanéition
limits the spin to 1 or 2.

Lundan (11) and Erten et al. (12) proposed a level at
3243 and 3250 keV respectively that was accepted by Nuclear
Data Sheets (13). This level is not supported in this work.
The peak observed in this work at.32u7'kev was identified as
the dodble-escaée peak of the u269;kev transitiorn.

3275.2 ¢ 0.U-keV level. This level is established from
the coincidence of the 1962- and 1313-keV transitions and was
postulated in the ea;lie:.decay studies of Carraz &t al. (10)
and'Erten 2t al. (12) . Within the uncertainty limits of this
study, the beta feeding to this level is zero. Based on the
(p,p') data (20,21), Nuclear Data Sheets (13) accepted aﬁ as-
signmeént of 3—. This is consistent with the observation of
de-excitation only to the 1313-keV level. Moore gt al. (20)
has interpreted this level as an £,/7287}), neutrén particle-
hole coﬁfiguratiqn wifh.a small admixture of f,,,d3},. It is
the highest level reported in previous decay studies.

3830.1 & 0.4-kev level. This level is established by a
coincidence between the 2136- and 381-keV transitions. The
de-excitation pattern is only to high=spin levels and multi-
scale data on the‘2136fkev_trénsition indicates that the
level'is fod by only the high-spin isomer of 13sJ, Ihe spin

’
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is'restficted to 4, 5, or 6 by transitions to tﬁe 4+ and 6+
levels at 1694 and 1892 kev respectively.

3873.1 t 0.2-keV level, Thréé possible ccincidences
éstablish this level. It is postulatéd that it is fed by .
only the low-spin isomer on the basis cf its de-excitation
pattern. Transitions to the 169u— and 2289-keV levels limit
the possible_spin assignments to 2, 3, 6r 4, This is con-
sistent with a 3— or_ﬁ— assignhent by Mooré et al. (20) from
(p,p')'data. They intérpreted this level to be predominantly
a f7/§dg}2 neutron particle-hole state with a small admixture
of f7,,ST)2. |

4057.8 + 0.3-keV level. A coincidence between the 2363-
and 381-keV transitions confirms the existence'of this level.
The{de-éicitation pattern of this level indicates the beta
feédingAto be from the ﬁigh-spin isomer, = Depopulating tran-
sitions to tﬁe 4+ and 6+ levels at 1694 and 1892 keV limit
the épin to 4, 5, or 6. From the (p,p') data of Moore et al.
(205, this levei hés béen interpreted as predominantly a
f,/287TY2, neutron pa;ficle;hole state with small admixtures of
f,,.d3%, and pa,zdg}z. The 3— assignment from reactidh stud-
iéé (20) is not consistent with the results ffom gamma de-
'excitation. A 4- assignment‘is possible from a fy/st}Z
-stéte‘butiwould imply an M2 transition beétween the 4058~ and
1892-keV lavels. It is also possible,that the levei seen in

the (p,p') work (20) is not the same as one seen in beta
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decay.

3269.35‘1 0.15-keV level. Three definite coinéidences
conficm the’ekistence df this 1evél.' Multiscale meésurements
on the 994-kev transifion indicate this level to be fed only
by the low-spin isomer. ~The pfeSence cf a ground-state tran-
sition limits the séin to 1 or 2. About one third of the
beta féeding frcm the low-spin isomer cf 1361 to levels above
3 MeV goes to this state giving it a lcw logft valué of 6.5.
The ;eVel has been interpreted (20) as a f,,/,d3%, plus a pi3/2
d3%, neutron pariiéle-hole state with a small admixture of
the P3/2S1Y, state. Their 2- assignment is éonsistent with
the'resuits ot thislwork but would reqUir@‘that the ground-
ctate tranéition be M2, ‘It is intefesting to note that the
strcngest £rapsition,ghich depopulates this level (ité
placemént‘is confirmed.by coincidence results) is to the
‘level at 3275 kev which ﬁas also been interpfefed as a
neutron barticle-hole_state.

4454.0 + 0.2-keV level. This level is confirmed by a
coinéidence between ihe 3141- and 1313-kev:transitions. The
de-excitation pattern ;ndicates that this level is fed by the
low-spin.isomer and the presence'ofla gtound-staté trénsition
limits the spin fo'1 or 2. From (p,p') experihents (20),
this level has been interpreted as a mixed pi,,8T), plus
93/25?}2 neutron particle~hole cqnfiguratiop, and their as-

signment of 1- or 2- is consistent with the results of this
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decay study.

| 4474.0 + 0.3-keV level, ~This less well-defined level is
iﬁdicated by‘a dashed line on the decay scheme. A grocund-.
state transifion'fromAthe 4474-keV level limité its épin to 1
or 2. A

4545.0 & 0.5~ aﬁdAQ711.2 + O.4-keV levels., These levels
are also dashed. Both levels have ground-state transitions
whi&h limit theif spin assignments to 1 or 2. They have been
interpreted (20) to have major p,,,STY, and p,,,d3Y, neutron
particle-hole ccmponents. The 4711-keV staté was bostulated
(20) to have an additiqnal component of pi/zdgyz and small
admixtures of fs/23~'. neutron particle-hcle states.

4947.4 + 0.3-keV leQel. A logflg value of less than 8.5
limits the spih assignment to 1, 2, or 3 and the decay pat-
tern.indicates beta feeding from only the low-spin isomer.
The neutron particle-hole interpretaticn postulated for the
level (20) is a complex mixture qf confiqgurations involving
P3/2¢ P12+ and fs/z,particle states. Their proposed assign-
ment‘of 2= is ccnsistent with these beta-decay results.

5017.0 + 0.3-, 5760.3 + 0.3-, and 6624.1 & O.4-keV
levels. These are the oﬁly undashed leﬁels above 5 ﬁev. De-
excitaticn patterns indicate that all are fed by the low=-spin
isomer. A ground-state *ransition from the‘5017-k¢v level
limits the spin to 1 or 2. T:ansitions'to the 4+ level at

1694 and the low-spin level at 2414 keV limit the spin of the
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662u-k§v lavel to 2, 3, or 4. »

5217.8 + 0.5-, 5321.1 + 0.3-, and 5608.3 + 0.3-keV
levels. 2all of these‘léveis have ground-state tranéitions<
~which indicate that they'ate fed by the low-spin iscmer.

This limits their spin to 1 or 2. |

5832.2 + o;é-kev level. The decay pattern of this level
indicatéé that it is fed by the low-spin isomer. A spin of
1, 2, or 3 is favored based on a logf,t valde cf 7.3.

5861.8 + 0.5~ and 6091.4 + 0.3-keV levels. These two
levels appear tc 59 the only levels above 5 MeV that are'fed
by only the high-spin isomer. T:ansitions_from the 5862-keV
level to the 4+ and 6+ levels at 2126 and 2262 keV respec-
tively limit the spin assignment to 4, S, or 6., The spin of
the 6092-k§v léﬁel is limited to 4, 5, or 6 by a logf,t value
< 7.1 and a transition to the 4+ level at 1694 keV. |

6186.5 + O.Q-Aand'6912.3 + 0.4-keV levels. The dé-
gxcitaticn paﬁtérns for these levels.imply pcssible béta
feeding'frpm bcth isomers. Becausé.thé splitting éf the beta
feeding to these levels is no£ known,-no beta.feedings or
logft values weré.caiculated.A |

5800.2 ¢ 0.5-, 5870.8 1.1.2-,_5968;5 £ 1.0-, 6013.0 +
1.0-, 6052.6 + 0.4-, 6103.9 £ 0.3~, 6114.4 + 0.7-, 6126.4 ¢
0.5-, 6169.8 ¢ 0.8-, 6200.0 + 1.3-, 6253.4 + 0.8-, 6394.8 ¢
0;6-, and 6409.0 # 0.8-keV levels. Because Nuclear Data

Sheets (13) has accepted a Q-value for 1361 of 6980 keV, any
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transition with eﬁergy‘greater than (6980 - 1313) keV must
. depopulate a level of the same energy. Thirteen such levels

were observed and their spins are limited to 1 or 2.
B. Decay of 138]

The prbmpt singles spectrum for the éecay of 138I (spec-
trum A of Table III.) is shown in Figure 15 and the fits for
the 831~-, 1278-, 1463-, and 1810-keV peaks are shown in
?igure 16. Other activities observed_in this spectrum
include 137Xe, 138Xe, 139%e, 138Cs, and 136, Eight gamma
transitions were'assiqqéd to 1387] decéy. ' The ene#gies, rela-
tivé ihtensities,.and plaéements of these transitions are
listed in Tabie iIII. Other weak transitions with short
.half-lives were observed which may belong to the decay of
1387, but the statistics were insufficiént to make a defini-
tive aésigﬁment on the‘basis of half—life, andvnofother
supporting evidence was found. The energies of these transi-
tions are 2302, 2544, 2572, 2836, 3297, 3310, 3496, and 4089
kev. »

A com?arison.of,the results of this study with those 6f
previous wvorkers ié given ‘in Iabie XiV. ,Tﬁe transitions re-
pbrted by Kratz et al. (23) at 295.h,v370,u, and 466.1 kev .
vere not seen in this stﬁdy. An upper limit was obtained tor
the intenéity of thé 466-keV transitioﬂ but'not for the 295-

and 370-keV transitions, Sincé they vere obscufed by transi-
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Table XIII. Gamma transitions observed in !38I decay

Energy (keV) Relative intensity? Placement

483.67 ¢+ 0,10 72 + 8 -~ 1073 ==> 589
588.87 + 0.08 1000 _ 589 --> 0
830.8 '+ 0.3 39 + 7 : 1903 -->1073
875.29 + 0.15 186 + 20 _ 1464 --> 589
1277.7 + 0.3 50 + 7 ‘ 1867 -=-> 589
1463.2 + 1.2 8 + 6 1464 -=> 0
1809.5 + 0.5 58 £ 10 2398 --> 589
2398.3 + 0.5 16 t+ 4 2398 --> 0

1Intensity normallzed to 1000 for the 589-keV gamma
transition.

Table XIV. Ccmparison with previous 1381 studies

Energy!? Eelative Energy? Relative Energy?3
(keV) " - Intensityl (ke V) Intensity2 (kevV)
295.4 + 0.5 50
A 370.4 £ 0.5 50
U6 <30 466.1 + 0.5 50
483,67 = 0.10 72 + 8 482,7 + 0.3 150 482 + 1
+ 0.1 10004 "£89.5 + 0.5

588.87 + 0,08 1000 "~ 588.7

tResults from this work.

2Results from Reference 23.

sresults frow Reference 16. :
4Intensity normallzed to 1000 for the 589-keV gamma
transition, ‘
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‘Table XV. Coincidences observed in 138 decay

Gating - ~ Coincident
- Energy Transitions
(kev)y ' (keV)
484 - 589, 831 .
589 : 484, 831, 875, 1278, 1810
831 ) 484, 589
875 . 1589

1278 ' ' 589

tions at 296.5 and 371.4 keV from 139Xe and -138YXe respective-
ly. iIntensities reported by‘Cheifetz et al. k16) cannot be

comparad diréctly'ﬁith those from beta decay, since the pop-
ulation meéhanism is'different. |

‘A level scheme was constructed using the coincidence
'da#éisummarized in Table XV. The spectrum of gamma transi;
tions observed in coincidence with the most intense 1381
transition (589 kéV) is shown in Figure 17, énd the spectra
~observed in coincidence with the gamma transitions at usu,.'
831, 875, and 1278 keV are shown in Figure 18. The lével
scheme for the decay.of 1387 is shown in Figﬁre 19,

'Although the percent beta feeding to the grouﬂd state
wvas not measured,'the logft values were calculated assunming
no grqund-ét%te beta feeding. The results are'given in Table
XVI.l'The Q value of.7.8 MeV used in this calculation was ob-

tained from the mass tables of Garvey et al. (38). The as-



COUNTS

Gamma spectrum in coincidence .with the

589-keV gamma ray from 1381

364 .
258.3 -
281
204
8753
12
4.
] 1277.7 o
6 1 ' 1809.5
"
200 400 600 800 1000
IZOQ 1400 1600 1800 2000
= ENERGY (keV) -
Figure 17,

68



90

588.9 ’ - (@)

15 | ) 4 )

COUNTS

400 500 600 700 800 900 1000

| ENERGY (keV)

Figure 18. Gamma spectra in coincidence with the
(a) 484~ (b) 831-. (c) 875-, and
1278-kaV gamma rays from 1381 .



91

138 _— -
— (2,3)
4
33
M 10
5 8 2
o o M ©
()P - .
\ (1,2) S N ~2398.3
0§ Ko
N = N~
34,9) — = o~ ® ~1903.3
N~ ~1866.6
N BB E A
) = ¥ o _ '
~ G 1464.16
' (3]
(0 0) : .
\@é‘ ¥ 1 | -1072.54
B |
\(2*) N - )
\L§ ¥ ¥—-588.87
ot L
A S M
138
o Xe
54 84

Figure 19. Proposed decay scheme of 1381



92

sumption of zero feeding to the ground state is based on the
beta feeding tc the 1072fkeV-level which has a preferred as-
‘signment of 4+, A detailed discussion of the cbserved 138Xe

excited states followus.

Table XVI. Betalfeeding and logft values for 1381 decay

1381 Levels Percent Beta  Logft? ~ Logf,t?2
(keV) Branching! ‘ o

. 588.87 ¢+ 0.10 62 + 6 6.1 8.2
1072.54 ¢+ 0.4 3.2 ¢+ 1.0 7.2 9.3
1464.14 + 0.18 . 18.9 ¢+ 2.0 6.4 8.4
1866.55 + 0.31 4,9 + 0.7 6.8 8.8
1903.34 ¢ 0.32 3.8 + 0,7 6.9 8.9
2398.34 ¢+ 0.31 7.2 £ 1.1 6.5 8.3

lAssumed -.ground-state feeding is 0%.
20-value of 7.8 MeV obtained from reference 38.

Ground state. The spin and parity for 1'38%e is aésumed
fo be 0+ since it is an even-even nucleus. The grpund-state
spin for 1387 has not‘been measured but thé beta feeding to
the:excited'léveléidf'13°Xe limits the possible values as de-
scribed below. | |

588.87 t+ 0.10-keV level.’ The most intense transition is
the 589-keV transition which is assumed to establish the

first excited state. in agreement with the YRAST sequence pro-
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posed by Cheifetz et al. (16). The preferred aSsignmént of
2+ for this .level is consistent with the results.for all
kﬂown even;even Xe iéoiopés and N=84 isotones. The log;lgl
value of 8,2 limits the spin of the 1381 ground state to 1,
2, or 3. This conclusion is valid for groﬁﬁd-stéte beta
feedings up to U5%.

1072.54 & 0.14-keV level. The 1073-keV level is estab-
‘1ished from thé cbserved coincidences between the 484-, 589-,
and'831—kev transitions ana the fact that the 484~-keV tfansi-
tion is more intense thah the 831-keV transition. The
preferred assignment of 4+ for this level is based on
systematics aﬁd the absence of an observed transition to the
ground state. ‘It is also in agreement with the assiénment by
Cheifetz et al. (16) as the 4+ mehber of the XEAST band. A
logft valué.of 7.2 limits the spin of “the 1381 ground state
to the range 2 {o 6 with a preferred value of 2 or 3.

1464.14 + 0.18~keV level., This level is established by
the observation of énly the 589-keV transition in coincidence
‘with the 875-keV transition. The observation of a weak gamna
transition to the ground state eliminates a spin 0 assignment
for this level and makes:an assignment of 3 or 4 unlikely.
-From sfstematics, the preferfed-assignment is 2+. ‘A logf,t
value of 8.4 is consistent with this assignment.

1866.55 ¢+ C.31=keV level., This level is establishediby,

the observaticn of the 1277-keV transition in coincidence
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with the 589-keV tfansition.

1903.34 + 0.32-keV level. The observed ccincidence of
the 831-keV gamma transition with both the 589- and 4B4-keV
transitions establishes fhis level, <Sincé the only cbserved
decay of this level is tb.the-(u+) level at 1073 keV, an as-
signment of spin 3 or higher is implied, but the spin is lim-
ifed to less than 6 by a logft value of 6.9.

2398.34 & 0.31-keV 1evél{ 'Obserﬁation of the 1810~keV
transiticn in coincidence with the 589-keV transition estab-
lishes this level. Because a ground-étate gamma transition
of 2398 keV was observed, élspin of 0 is eliminated and a

value of 1 or 2 is favored.

C. Decay of 137xe’
A gamma singles spéctrum (spectrun A cf Table iv.) for
'enefgieﬁ less than 1620 keV is shown in Figure 20. The ob-
served contaminants included 4!Ar, 69Cc, and 137Cs. A second
singles spectrum (épéctrum'n of Table IV.) was collected
through an abecrber. The erergy range of 1200 to 4200 keV
from this spectrum is shown in Pigure 21. The aﬁsorber con-
sisted of 7 millimetersAof lead followed by 2 millimeters
cadmiuﬁ and was used to suppressAcounts from the intense
456-keV transition and enhance counts from weak gamma transi-
tions above'3 MeV., strong'contaminant peaks were observed
from 140La decay that was pfesent upstream in the switcﬁ

magnet from preceding experiments, Other background activi-
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ﬁies observed‘included 138Ys and 13eCs, Approxiﬁately 15% of
the peak at 1461 keV is'baékground acﬁivity-from“OK.

Ayfotal of 94 gamﬁa transitions were assigned to the
decay of 137Xe, The energies, relative intensities and
élacementé of these trénsitions ére given in Table XVII.

Also inclhded in this table for comparison are thé energies
and rglative‘intensities reported by Monnand et g;.4(25) and
Holm (24). _Sevéfal_of the intensities quoted by Monnand et
al. (25) are stated as being <0.1 even though the peaks are
cleérly labeled and visible in their singles spectrum. A few
peaks reported by Reference 25 were not seen in this study
“and upper limits are given. Three other peaks repdrted in
Reférehcg 25 vwere interpreted as being escape peaks. The
933-keV peak .was inierpreted aé_a'singlet rather than a doub-
let and the ones at 1234 and 2099 keV were interpfeted as
doublats, 'The 5067-kev doublet presénted a problem in this
$tudy because the ehergy obtained for the high-energy compo-
nent'wifh the centroids free tb vary during the fitting
process wvas apdut 1 keV larger than tﬂe plécement‘energy in-
dicat2d4 by the coincidencé résults. Thié result was true for
both spectra A & D.. An acceptable fit was obtained fo; this
doublet with the centroid fixed at the placemeﬁt ehe&gy and
the helght constrained to vary Qith the height of the

1066-kev peak.



Table XVII, Gamma transitions observed in 137Xe decay

Energy? Energy2 - .. Energy3 Placement
(kaV) S Relative . (keV) Relative (keV) Relative ‘
' Intensityl Intensity? Intensity3

298,00 + 0.07 3.8 + 0,3 297.6 + 0.6 - 3.0 1868 =-> 1570

393,35 + 0.06 4,5 + 0.3 393.5 + 0.3 4.3 394 5.7 849 =~-> U56

455,51 + 0.04 1000.¢ 455.45 + 0,10 '1000.4 456 1000.% 456 =--> 0

482.14 + 0,12 o.48 + 0.10 481.9 =+ 0.3 0.5 : 2850 =-> 2368.

. <0.05 526.8 + 0.5 - 0.2
DEP (1570) - . .- 547.3 % 0.5 0.1

. ' <0.04 584.5 + 0.5 <0.1 :

594,70 + 0.06 2.7 + 0.3 594.5 £ 0.2 2,17 595 . 3. 1868 -=-> 1273
'633.4 £+ 0.5 0.08 <+ 0.04 . - 2850 ==> 2217
DEP (1665) _ 644,0 + 1.0 0.2

683.2 + 0.1 0.65 + 0,07 683.0 '+ 0.3 0.7 684 0.7 1868 =-~-> 1185

B <0.04 ‘ 700.0 + 1.0 <0.1 '

715.2 + 90,2 0.21 % 0.05 715.4 =+ 0.5 V0.1 1564 --> 849

750.65 + 0.1 0.67 + 0,07 750.6 + 0.3 0.8 2850 --> 2099

802,4 + 0.4 0.13 + 0,04 . 802.0 + 1.0 <0.1 1651 -=-> 844

B48,95 + 0,06 - 20. + 1, 849.0 + 0.2 22.8 849 - 21.7 849 --> 0

< <0.04 865.0 + 1.0 v0.1 '

. 1Results from this work. -
2Results from Monnand et al. (25).
3Results from Holm (24).
" -4Intensities normalized to 1000 for the 456-keV transition.

86



Table XVII. (ccntinued)

- @ A D GRS Y D P S S D S S G S AD SR D YD W an S R TR G P D D G S D G D D GD e G Gh R WSS MR e TP G D A A Gt A R S S A VD WD R R S R D WD e wn an Wk WS R D

Energy! : ‘ ‘ Energy? ' , Energy3 Placement

(kaV) Relative - (keV) Relative (keV) Relative
L : Intensity! . Intensity? Intensity3
933.82 + 0,06 . 2.7 + 0,2 933.3 + 0,3 0.7 934 2.3 2850 --> 1916
‘ 934,.4 ¢ 0.3 2.3
: : ‘ <0.04 T 954.0 £ 1.0 <0.1 o ‘ 4
982.25 + 0.05. 6.7 + 0.4 982.4 % 0,2 7.3 982 7.3 2850 --> 1868
1009.9 ¢ 0.2 0.13 + 0.03 1007.5 + 0.6 <0.1
<0.04 1024.0 ¢ 0.6 <0.1
. <0.04 1037.4 + 0.5 <0.1
1066.5 + 0.2 1.74 0.3 -1066.6 + 0.3 2,0 : ‘ 2850 --> 1783
1067.4- ¢ 0.2 1.57 .+ 0.3 1067.8 + 0.3 1.7 1068 2.7 1916 =--> 849
S <0.03 1097.0 + 0.5 0. 1.
71102.42 £ 0.10 0.53 & 0,05 1102.4 + 0.4 0.6 3952 =-=-> 2850
"1108.63 + 0,06 1.64 + 0.15 1108.6 + 0.4 1.8 1107 - 2.3 1564 -=-> 456
114,32 + 0.06 2,96 % 0.2 1114.5 + 0.3 3.3 , 1570 -=-> U456
1119.33 + 0.06 3.43 ¢ 0.2 1119.5 + 0.3 3.9 1117 6.7 1575 -=> U456
<0.03 1139.5 + 1.0 "0, 1
184,70 + 0.06 2.7 + 0.3 1184,6 "+ 0.3 2.9 1185 2.7 1185 ==> 0
1195.75 + 0.06 1.54 ¢ 0.1 1195.5 ¢+ 0.3 1.7 1197 2.3 1€51 =-=> 45¢
1219.0 + 0.4 0.09 ¢+ 0.02 1219,0 + 0.6 O, 1 2068 --> 849
1232.1 + 0.7 0.05 + 0.02 1234,0 + 1.0 20, 1 2796 =-=-> 1564
1236.2 + 0.4 0.11 .+ 0.02 3104 --> 1868
1250.6 + 0.4 0.21 + 0.03 12517,0 + 1.0 0.1 2099 --> 849
1273.23 + 0.1 7.3 + 0.7 1273.2 + 0.2 7.5 1275 8.3 1273 =--> 0
1280.05 + 0.15 0.30 + 0.03 1280.0 + 0.6 0.2 2850 --> 1570
1327.98 + 2.06 0.94 + 0,08 1328.0 ¢+ 0.5 1.0 1330 0.7 1783 -=> U456
“1461.16 ¢ 9.2 0.55 + 0.07 . © 1916 =-=-> USé6

66



. Table XVII. (continued)

) - e S e e S S En - - . e - e - - S D G S D WD D S e T T G D Y D G D D S D W WD D D G S M G YD G R WD D WD ERED A R S D D WD Wn R SR S W -

Energy-! . ' _ Energy2. - Energy3 Placement
(kevV) Relative - (keV) - Relative (keV) Felative
Intensity!? R Intensity? Intensity3
1518.8 ¢ 0.5 0.06 + 0.02 1519.0 + 1.0 . 0.2 2368 --> - 849
, <0.02 : 1529.0 + 1.0 0.1 ' E '
C1564.0. 0.2 - 0.32 ¢ 0.04 1564.0 + 1.0 0.3 1564 --> 0
1569.77 £ 0.07 2.74 £ 0,2 1569.8 + 0.3 3.0 1570 --> . 0
1574.83 + 0.15 2.3 + 0.3 1575.0 + 0.4 1.7 1575 =-=> 0
1576.75 + 0.10 3.3 + 0.3 1576.9 ¢ 0.4 . 3.9 1576 5.7 2850 =~-> 1273
1594.0 + 0.6 0.10 "+ 0.02 1594.0 + 0.6 0.1 3377 -=> 1783
1612.52 + 0.06 4.0 + 0.3 1612.6 % 0.3 4.5 1615 5.3 2068 =-=> U566
644,00 + 9.8 0.028 + 0.015 ' 2099 -=-> u5¢
1651. 14 + D.2 0.4 + 0.02 1650.7 £ 0.7 0.1 1651 --> 0
1665.30 + 0.07 1.7 + 0.1 1665.4 + 0.3 2.0 1668 2,7 2850 --> 1185
1677.2 + D.6 0.032 + 0.013"
1713.2 + 9.8 0.024 ¢+ 0.015 A :
1720.9 + 0.6 0.035 + 0.015 _ 3938 -=-> 2217
1726.3 + 0.3 0.077 + 0.013 ‘ : ' 3377 =-=> 1651
- 1761.3 ¢+ 0.3 0.19 + 0.05 1761.0 + 1,0 0.2 2217 =-=> U456
~1783.43 + 0.06 13.3 + 0.6 1783.4 ¢t 0.2 15.3 1784 16.0 1783 -=> 0
1843.0 + 0.4 0.046 + 0.012 1843,0 + 1.0 <0.1 :
<0.02 1857.6 + 1.0 <0.1
1867.96 + 0.08 0.52 + 0,05 1868.0 + 0.4 0.6 1868 --> 0
1907.7 + 0.2 0.17 ¢+ 0.02 , : ' 3824 -=> 1916
1916.31 + 0.08 3.1 + 0.4 1916.,5 + 0.3 3.2 1918 3.7 1916 -=-> 0
1933.3 + 0.4 0.043 + 0,012 3584 ~=> 1651
1947.0 + 0.2 0.085 ¢+ 0.011 1947.0 + 1.0 <0.1 2796 --> 849
1974.9 + 0.5 0.038 ¢

0.012 o - 3159 --> 1185

001



Table XVII. (continued)

Relative:
Intensity?

Placement

Energy!
(keV) - Relative
Intensity?
2000.3 t 0.2 0.57 ¢ 0.06
2063.4 ¢+ 0.3 0.21 £ 0.04
2043.6 + 0.3 - 0.057 £ 0.012
2068.,0 ¢+ 0.2 0.33 &+ 0,03
2084.47 + 0.10 o.44 + 0,03
2096.4 + 0.3 0.23 t 0.03
.2099.42 + 0,15 0.43 .+ 0.04
-2119.4  + 0.4 0,055 £ 0.012
.2188.44 + 0,10 - 0,26 ¢ 0,03
2212.1 ¢ 0.2 0.13 + 0,02
2216.8 + 0.4 0.076 ¢+ 0.03
2255,3 + 0.3 0.08 % 0.01
2287.1 + 0.4 0.045 + 0,008
2304.5 £ 0.8 0.018 + 0,008
2311.1 £ 0.5 ‘0,031 £ 0,008
2367,65 + 0.2 0,21 ¢ 0,03
2393.53 £ 0.15 2.6 + 0.2
2063.3 £ 0.7 0.023 + 0,009
2489,6 + 0.2 0.088 + 0.010
2528.6 t+ 0.6 0.047 = 0.01%t
2581.71 ¢ 0.1 0.75. ¢ 0.07"
2638.9 t 0.7 0.029 ¢+ 0.011°
2735.2 + 0.4 0.044 ¢+ 0.009
2849,80 + 0.1 5.9 + 0.3
2921.9 ¢ 0.2 0.57 + 0,05

Fnergy?
(keV)
2001.0 % 0.5
2043.2 + 1.0
2068,0 + 0,4
2084.5 + 0.3
2098.6 + 0.3
2188.6 . + 0.4
2212.8 + 0.6
2255.5 + 1.0
2368.0 + 0.6.
2393.6 + 0.3
2489.4 + 1.0
2581.8 + 0.3
2850.0 + 0.2
2922.1 £ 0,3

Energy3-:
" (keV) Relative
Intensity3

2849 --> 849
3787 =-~-> 1783
2068 =-=-> 0
3952 --> 1868
2945 -=> 849
2099 -=-> 0
3037 --> 849
3787 -=-> 1575
2217 ==> 0
3104 -=-> 849
3938 =-=-> 1651
3955 -=> 1651
3884 --> 1273
2368 =--> 0

2396 3.3 2849 -=-> 456

‘ 3737 =-=> 1273

2945 -=> 456
3377 --> 849
3037 --> 456
3824 -=-> 1185
3584 -=-> 849

2852 8.7 2850 -=->

2924 1.0 3377 -=-> 456

L0t



Table XVII. (continued)

. > o o - - = " o > = e > = - - o v v = - T - = - > = - = - —— - = T = = = = = = v = e S = - = .-

En.e‘x:cjyi Energy? ' Enefgy3 , Placement

(keV). ‘Relative . (keV) .Relative (keV) Relative

' . Intensity!? - Intensity2 - Intensitys3
3037.6 " ¢ 0.2 0.14 =+ 0,02 3037.4 + 0.6 0.2 3037 -=> 0
3135.6 % 0.7 0.012 £ 0,005 ' o '
3159.4 + 0,2 0.38 = 0.04 3159.6 + 0.6 0.5 3162 0.3 3159 -=-> 0.
3194,0 + 0.4 ‘0,029 + 0.006 . 3195.5 ¢+ 1.0 <0.1
3250.0 + 0.4 0.034 £ 0.006 3250.3 + 1.0 <0.1 . '
3377.4 £ 0.2 0.064 = 0,008 3377.8 + 0.8 <0. 1 . 3377 -=-> 0

: : 4 3396.0 + 1.5 <0.1 ' :

3451.8 + 0.8 0.015 + 0.007 ’ : . 3907 -=> 456

© . 3u458.3 £ 0.4 0.041 +« 0.007 3458.5 + 1.0 <0.1 ’

- 3476.3 £ 0.4 - 0.028 # 0.006 3475.5 % 1.5 <0.1 :

3583.7 £ 0.3 0.063 + 0.009 3583,0 ¢+ 2.0 0.1 : 3584 --> 0

3694.0° ¢+ 0.3 0.20 ¢+ 0.02 3693.5 + 1.0 0.3 3697 0.3 3694 -=> -0

3736.9 + 0.7 0.010 = 0.003 . " 3737 -=> 0
‘ <0.003 - 3797.0 + 3.0 <0.1 4 '

- 3907.1 + 0.4 0.043 + 0.007 3907.5 ¢+ 3.0 <0.1 3914 3807 -=> 0
3340.7 + 0.9 0.008 + 0.004 . 3941 -=> 0
3955.5 ¢+ 0.8 0.011 £+ 0.004 ' ' 3855 -=> 0
3976.4 + 0.8 0.010 + 0,004 : ' ' 3976 -=-> -0

ZolL
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The propOsed level scheme is supported by the coinci-
dence results contained in'Tabie XVIII. The 982-keV transi-
- tion was observed to be in coincidence with the 456~keV tran-
sition and hence cannot be.a ground-state transition. This
fact results in significant differences from previous work
(24,25). ’Tﬁis coincidence was confirmed by a careful analy-
sis of accidental coincidences and gamma singles iﬁtensities.
The spectruim seen in coincidence with the u56-kev transition
is shown in Figure 22 and the speCtta seen in coincidence 7
with the 849- and 982-keV gates are shown in Figure 23. As a
consequence of the 982-&56 coincidence, sevcral of the gamma
cascades proposed by Monnand et al. (25) are inverted in this
study. The proposed level scheme for 137Xe decay is shown in

. Figure 24, The levels pfoposed in this study are compared in

Figure 25 to the beta decay results of Monnand et al. (25)

o
(et

and the proton-transfer experiménts of Wildenthal al.
(19). |

Perceﬁt beta feedings and logft values were calculated
using a gtoundfstate beta branching of 67 + 3% as measured by
Onega and Pratt (39). A Q-value of u.is MeV wés used in the
logft calculaticn. ihe results of the percent beta feeding
and 1ngft calculations are tabulated in Table XIX.

The accepted assignment of 7,2+, for the ground state of

137Cs, has been obtained by atomic-beam methods and shell-

nodel arg@ments. From the anqular distributions of the
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Coincidences observed in 137Xe decay

Possible
Coincidences
(keV)

456 -
1067

934, 3452

934, 1219, 2096
456 |
683, 1868
456
393, 456
2212
1102

456

1280
1273

2003

Gating Definite

Energy Coincidences

{keV) - (keV)

298 982, 1114, 1570

393 456 .

456 298, 393, 982, 1066, 1067, 1109,

1114, 1119, 1196, 1328, 1461,
1613, 2394, 2582, 2922

595 982, 1273

683 . 982,. 1185

849 1067, 2000, 2188

934 849, 1067, 1461, 1916 ‘
982 298, 456, 595, 1114, 1185, 1273,

A 1570 :

1066 - 1328, 1783

1067 849, 934 ,

1114 298, 456, 982

1119 456 .

1185 683, 982, 1665

1196 o A

1273 595, 982, 1577

1328 usé6, 1066

1461 456, 934

1570 298, 982

1577

1613 456

1665 1185

1783 1066

1868 982

1916 93y
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Table XIX. Beta feeding and logft values for 137Xe decay

137Cs Levels : ' Percent Beta S Logft
" (keV) Branching
0.0 : 67.0 + 3.0 6.61
455,51 + 0.05 30.4 + 3.1 6:71
848.90 + 0.06 0.65 t+ 0.08 8.2
1184.71 ¢ 0.05 <0.02 , A . >9.5
1273.20 t 0.06 0.04 -+ 0.03 - 9.1
1564,13 t 0,06 0.066 + 0.01 8.7
1569.84 + 0,06 0.050 + G.014 8.8
1574.84 + 0.06 . ‘ o 0417 t 0.03 8.3
1651.24 + 0.08 0.051 + 0.007 8.8
1783.47 + 0.05 . 0.38° '+ 0.05 7.8
1867.87 ¢ 0.07 © . <0.03 : >8.8
1916.27 + 0.10 0.073 ¢ 0.02 8.4
2068.03 + 0.07 .. 0.1 ¢ 0.02 8.0
2099.41 + 0,09 : <0.003 >9.7
2216.8 ¢+ 0.2 0.005 + 0.002 9.3
2367.84 + 0.11 <0.003 - : >9.3
2795.9 * 0.2 ‘ " 0.004 £ 0.007 8.8
2849.11 £ 0,13 0.100 =+ 0.015 7. 01
2850.04 + 0,09 0.72 t 0.08 6.51
2945.19 + 0.17 0.010 + 0.002 8.2
3037.31 & 0.09 0.036 %+ 0.005 7.51
3104,2 + 0.3 0.006 =+ 0.001 8.2
3159.5 + 0.2 0.013 ¢+ 0.002 . 7.81
3377.46 + 0.4 0.027 + 0.008 7.11
3584.1 + 0.4 0.0056 + 0.001 7.31
3694.1 + 0.4 0.0062 ¢+ 0.001 ' 6.91
3736.7 ¢+ 0.6 0.0010 + 0.0004 : 7.61
3786.9 + 0.2 0.011 ¢ 0.002 - 6. 41
3824.0 + 0.2 0.0061 + 0.00117 ' . 6.51
3907.16 + 0.13 0.0018 + 0.0006 6.61
3938.2 + 0.4 0.0025 ¢ 0,001 . ' 6. 31
3940.8: ¢+ 1.0 0.0002 £ 0.0001 : 7.2
3952.41 ¢+ 0.15° 0.030 + 0.004 . 5. 11
3955.7 & 0.6 0.0009 + 0.0003 - 6.61
3976.5 t 0.9. 0.0003 ¢

0.0001 . 6.91

1Logf, t value less than 8.5
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13°Xe(d,p)13?xé reaction (40) and shell-model

considerations, an assignment of 7/2- is preferred for the
157Xe ground state. lThis assignment is consistent with a
ldgglg_value of 8.2 for the béta t;ansition to the 137Cs
gtound state (spin parity rules are summarized in Table VII).
Some preferred assignﬁents ofvspin and parity can be made on
the basis of reaction'studiés-(19), de-excitation patterns
-and low iogglg values. A discussion of these levels follows.
455,51 + 0.05-keV level. This level is well-established
by previous studieé‘(19,24,25,26,39). Single proton transfer
feactions‘(19) indicate that-this'level cqnfaiﬁs host of the
d;,, single-particle %trength, therefore an assignment of
5/2+ is preferred for thisllevél. This assignment is con-
sisténi with a 10921; value of 8.2 to this level.

848.90 % 0.06-keV level., ' This level ﬁas’been<observed
in previous decay studies (24,25) and inAa muoﬁ capture study
(26) . NA'spin,and pgfity assignment of 5/2+ is favéred frdﬁ
the results of shell-model calculations of the second excited
state; -These calcuiétions will be discussed later.

A‘major.difference in the feéults of this work compared
to previous decay stpéies (24,25) is the abéénce‘of a level
at 982 kev. _Ihe~982-kev transition was placed as depopuéting
the 2850-keV level instead of a ground-State transition pri-
marily bécausé4of an 6bserved coincidence of the 456; and

982-keV transitions. A careful analysis of the intensity of
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the 456-keV peak in both the 982- and 849—kev‘gates shows
that in the spectrum resulting ftbm the 982-keV gate, 40% of
the counts in the 456-keV peak are true coinéidencés. These
céunts canhot be attributed to either accidental or Compton
background coincidences. A supporting érgument is the fact
that the 456- and 982-kev'trénsitions vere seen to be in
stréng coincidence vithAthe 1114-keV transition bu£ no
527-kaV trgnsition connecting the proposed 982-keV level to
to the Q56-kév level was observed. According to the decay
scheme of Monnand et al. (25) the 456< and 527-keV transi-
tions would be séen at about equai intensity, but the 982-keV
coincidence would be much gtronger. The only other possibil-
ity for a coincidéncg with the uss-kev transition is a 133-,
393-keV cascade through the 849-kevV lévei, A 133-keV gamma
ray was nbt.observed and neither transition was seen in coin-
qidénce‘with the 1114-kev gamma ray.

The éiacement of the 982-keV transition as depopulating
the 2850—kevlleve1 reSults in a reversed order of transitions
seen in cascade ffomAthe‘2850-kev level compared t§ the level
scheme of Monnanq et é; (éS). Tﬁe order proposed in this
wvork for these four cascades is supported4by seQeral observed
coincidenées and results in non-zero beta féeding for two of
the‘inte:media;é levels,

'118u.i1 + 0.05 and 1273.20% 0.06-k9V levels. These

levels decay only to the ground state and do not have a low
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logft. 'This'Suggests that they are of spin 922 or‘gfeafer
and‘may correspond to the lowest 9/2+ and 11/2+ levels ob-
tained in shell-model calculatiops. Because all of_the ex~
perimental levels in this region have logf t values greater
than 8.5, their spin assignments are not well determined. |
All of these levels except those at 1868, 2368, and 2796 keV
decay both tblthe‘7/2+ ground state and the S5/2+ first
excited state. Their spin»assignments are therefore
restricted to the range 3,2 to 9/2. All except the 2099- and
2217fkev levels are confirmed by definite coincidences with
tﬁe u56-kevAtransitioh.'

1569.84 + 0.06-keV level. This level is strongly fed by
the 1868-keV level. If the 1868-keV level is accepted as the
11/2- state, then tﬁg assignment for this level is restricted
to 7/2 or 9/2. 'Since the de-excitation of_this level to'the
572+ ievel is strdnger than to the 7/2+ ground state, an as-
sigﬁment of 7/2 is preferred. _ . ‘

1574,84 1v0.06-kev level. An aséignment,of 5/2 or 772
i; preférred'because this leVel.strongly depopulates to;both
the 7/24;ground state_and the 5/2+ 456-keV level,

1867.87 ¢ 0.07-<kevV ievel. This level probably corre-

sponds to the 1.85-MeV h state seen in the proton trans-

11/2.

fer experimentslbf.Wildenthal et al. (19). This correspon~’

dence is consistent_withfa'de-gxcitation pattern which

includes the 7/2+ ground state and levels proposed as 9,2+
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and 1172+ 4t 1155 and ‘1273 keV respectively:. A beta feeding
that is zero within expetimental'unCertAinties is also con-
éistent with this assignment.

2668.03 t 0.07-keV level, This level may correspond to
the d; ,, single~-particle level seen at 2,07 MeV in proton
transfér reactions (19). This assignment is consistent with
the obsérvétion that the level depopulétes strongly to the
. 5/2+ single particle state at 456 keV and oﬁly weakly to the
7/é* ground state.
| 2849.11 + 0.13- and 2850.04 t 0.09-keV levels. A level
doublet is postnlated here where previous studies (24,25) |
have reported a single level. The 2849-keV level results
from the lower énergy‘for the 2393.53- + 455.51- and 2000.3-
fy848.95-kev énms. Both levels have logf,t values less than
8.5 which restriq@ the possible spin aSsighﬁents,to'S/z, 172,
“or. 9/2 if the assignment for the 137Xe ground state is 772—.
The strongest depopulating transition for the 2849-keV level
is to the 5/2+ single-particle state at 456-keV énd no tran-
sition to a higher-spin level was observed. An aésignmentlof
5/2 or:7/2 is thus preferred for this level. For the
- 2850-keV level, the strongest depopulating transitions_are to
the 7/2* ground state and the 11/2° level at 1868 keV. An
assignment of 9/2 is preferred for this level.

All of the levels above 3 NeV, with‘the exception of the

3104-keV level, have logf,t values less than 8.5.: If'thé as-j
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A signﬁent for the 137Xé ground staté-is_7/2‘ fhen the assign-
ments for theSellevéls are restricted to 5/2, 772, or 9/2.
The large number of high-1lying levelé with low logft values
- is éihilar to observations made for the N=82 nucleus 136Xe
whéré an allowed beta decay of'a core neutron to create
neutfon pafticle-hole states was proposed to explain these

observations.

< . )
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V. DISCUSSION

A. Tﬁe Shell Mcdel in this Regicn
The nuclei studied in this work are near the doubly
magic 1323n nucleus. There has been considerahie interest in
this region as a test of the shell model. The shell model
'states between the magic numkters 50 and 82 are'g7/2, ds /20

h d and S,,,- The states between 82 and 126 are

11727 3/2

£ h £5,20 Pajae 113/2, and p, ,,. For the nuclei

7/72° 9/27

stndiéd in this work, the expectation is that the protons
above 7=50 will occupy predominantly the 9,,, and 45,
single-particle states for the low-lying excited states.

From the observed systematic trends, the h“/2 sta£e may be
-an important ccmponent in the wavefuncticns §f the low-lying
levels as will be more completely discussed later. Two of
the decays studied (136I,137%e) populate levels in N=82
cloSed-shell nuclei. 'The neu*ron components of the wavefunc-
tion are not expected to bé significant for the lower excited
leveis, but théy are expected to play an important role in
the structure of_138Xe levels and levels above the core

breaking threshcld for 136Xe and 137Cs,
. B. Systematics for Even-Even Nuclei in the N=82 Region

The lavels proposed for the decay of 1387 are important

because théy'extend the known systematics of the Xe isotopes
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to the neutron-rich side of N=82. They alsq extend the
_systematics of *he N=84 nuclei to within'four prOtons'of

1 2=50. It is heipful to compare the N=82 and N=84 and the fe
and Ba systematics. A comparison of the lowest 2%, 4+, and
3- statés for N=82 and N=84 nuclei is shown in Figpre 26. As
expected, the energies of fhe levels fer the N=84 nuclei are
lowér thah for the N=82 ﬂuclei; The similarity‘of the trends
suggests fhat the stfuctural dependence on 2 is nct éignifi~
cantly altered by the additioﬁ of two neutrons.

Contrary to'what might ke expected, the energy cf the 2+
and 4+ 1eVels:increasés as the number cf protons above 2=50 |
is iﬂcreaséd.' A possible explanation of this increase is as
‘fbiloks.’ The h“/2 single-particle energy is.cbsérved to de-
. creasé_ﬁith incréasing z for tﬁe N=82 isotones as éonfitmed
by protdn-transfer‘experiments (19) and illust;ated in Figqre
27. The deqrease_résdlts in an increaéing admixtﬁté.of tvwo
511/2 prcfons couplea to spin 0 in the groundfstéte uavefunc;
tioh. The pairing energy asSoci&ted with the ground state
increases with thevihCreasing hyy admixture; therefore thg
gap betwveen the 0+ ground state and first excited 2+ levei
'Aincreases, |

The systgmatics fot:Xe and Ba (shcwn in.FigureAéef are
also similar; The difference in the level spacing below N=82
cémpa:éd to abcve Nf82 is of significant interest. The

neutron_fairs added above N=82 fill the high-spin f,,, and
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h1 1'/ 2

orbiﬁals, wvhile the hole states below N=82 occdpy the
low-spin s;,z and dsfz orbitals. The pairing energy associ-
ated vith'fhe 0+ gréund state increases with ihcreasing 3
thus enlarging the gap between the 0+ level and the higher'
spin ievels as j increases, The depeﬁdence on j ¢f the
pairinq.intéraction is opposed by the nuclear quadrupole in-
teraction. The quadrupole interaction is the "long range"
part of the iﬁteraction. .Coherent effects involving many
particlés may ‘result which compete with the pairing fofce ;nd'
produce large érouﬁd;state deformations and collectiye levels
for nuclei far from the magic nﬁmbers, Also, the number of
aﬁailéble states that thé interactingApartiCIes can scatter
into is larger for the particles above N=82 than for the hole
states where the Pauli principle festricts the available
phase‘space} The observed behavio; suggests that the
quédrupole interéction predominates over the péiriﬁg interac-
tion as one moves away from doubly-magic 1325n;. Additional
support for this hypothesis is illustrated in Figure 29,
where theleicitation energies of .the first-excited 2+ level
for N=78,'80, 82, 84, and 86 are compared. For z=54 and'56
thé,asymmétry éhoutiN=82 is evident but decreases until by
2=62 there is symnmetry. As more protdns»are addéd to Z:SO
colléctiveveffects inérease until they begin to dcminate fér

7=62 and N+#82.
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: bther effects involving core excitaticns afe séen at
higher energies. The high-lying states of 136Xe and !38Ba
héve_beeh invesfigatéd usiﬁg (p;p') reaCtioﬁs populating
isokaric analbg resonances (26,&1). Several levels above 3A
MeV were intefpreted as containing significant neutron
particle~hole c¢nfigura£i6nsw

Saveral of these partiéle-holé étates appear to pe popu~-
lated by beta decéy.. A comparison of‘the_béta decay fesﬁlts
with the results of (p,p') scattering for levels above 3 MeV
is‘showﬁ in Figure 30. Over a gquarter of all the beta
‘feeding_to levels above 3 MeV for 136%e is to the.ﬁ269-kev
level which has been interpreted as a particle-hole state.
This large feédin§4can be_explai@ed as an gllowed beta décay
of.oﬁe of tﬁe ccre_ﬂeutrons 1eéving tﬁe daughter nucleus in a
neutron paftic}eehole configuratidn with‘én excited profohy
As an example the f,,éd;}z particle-hole state céuld be
formed by allowed befa decay of a d;,, neutron in 1381 into a
daléproton>;esulfin§ in a d3), neutron hole.

The states whiéh have been identified as having neutron
particle-hole ccmponehtsAprefer to decay to cther particle-
hole‘levels. Fcr‘egampie, the 4269-keV level abpears to
‘ﬁredominantly decay. via a 994-keV tranéition to the 3272fkeV
IeVQI which has also been interpreted as a neutron particle-
 ho1e ievel, Similar dbser;atidns'have_been made for the

13882 levels (42,43).
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The level at 3275 keV is believed to be the 3= cctupole
state. It is interesting that this level also .appears to
have a neutron particle;hole component. Small admixtures of
épecific configuratipns can have significant effeéts on‘both
the beta and gamma transition prctabilities so thaf the
neutron parficle-hole interprétation is not inconsistent with

a collective octupole interpretation.
C. Theoretical Calculations for Even-A N=82 Nuclei

Theoretical calculations for the ﬁ=82 nuclei have
paralleled the development of experimental information. The
first N=82 nuclei for which éxperimental information was
'available contained several protons outside the Z=50 shell.
Quasi-particle calculations Qere performed for these nuclei
ahd were later made for 136Xe levels. Lcmbard (4#4) performed
a fwo quasi-particletcalculation in 1968 using as a tkasis all
of the single-particle states between Z=50 and 82. A gaussi-
an type residual interaction ués used,and'leyels for.spins o+
through 4+ and 3- were calculated. |

Another §uasi-particle calculation for N=82‘éven—even
nuciei was made by Waroqﬁier and Heyde (MS)(usingAthe same
Sub;pace as Lombard. Calculations uere'made using both a -
surfacae-4elta interaction and a gaussian force as the
residual nucleon-nucleon interaction. They obtainéd a set of

single-particle energies from the experimental level schemes
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for the odd proton N=82 nuclei by inverting the gap
equations. In a seéarate publigation} HeydeAgg al. (u4b6) gave
a two quasi-parficle analysis of the isomeric states observed
in even=even N=82 nuclei. Only a gaussian interaction was
used for the residual interaction, and the parameters used
were the same as for the previous paper.

A shell-mcdel calculaticn for 1'36Xe levels has been
performed by Wildenthal and Larson (47,48) using four protons
outside the AOubly-magic 1325n cora. The configuration space
included all corfigurations of g,,; and 4;,, pius those with
cne proton in eith-e:-the.sl/2 or d4,,, crhital. The residual
interaction used was an isoépin-depéndent surface-delta in-
teraction (modified sﬁrface-delta interaction MSDI). The
strength of the interéction and the single-particle energies
were chosen'to optimize the agreement fketween the model and
experimental level energies for positive;parity states in
N=82 nuélei gith A=136-140. A comparison of these calcula-
tions with the experimental results is shown in Figure 31.

‘The calculations confirm that the predominant configura-
tion for the grcund sfate is g,,,+ Lombard (44) does not
give gn? wavefunctions or significant‘components‘but has'the
best energy fit for the firét 2+ and u+ levels."Aithough the
hy,,, orbital was not included in Wildenthal and Larson's
;aiculation (47), the resulting set of levels has the highest

first excited 2+ level. Their reported calculation for 134Te
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(47) gava level. energlns too high for the YRAST qequence.
These two. calculatlons 1llustrate thp chort-zange pairing
naturo of the MSDI and may be an add1t10na1 1nd1cat10n of the
importance of the long-range quadrupole ccmponents of the
residual interaction. Lombafd (44) predicts a 0+ level at
about 2 MeV which was not seen in this work., All of the cal-
culations have a 4+ level at about 2;2 MeV prohably corre-
sponding to the experimental é126—kev level. & éecdnd 6+
level was reported by Wildenthal and Larson (47,48) at 2.33
MeV which may correspond to the experimental level at 2262
keV., Additional possible correspondences are difficult to
establish because of the high levei density and the uncer-
tainty as to the spins and péritiés of the experimeﬁtal
levels. The 3- leﬁei of Lombard (44) is the only negative-
parity staté calculated. The 6nly odd-parity orbital includ-
ed was the hy;,2 proton.

| No theofetical calculation has been published
specifically fcr 138%e lévels. Vanden Berghe (49) has pub-
lished a unified-model calculation of the N=84 nuclei. " The
parémetérs checsen result in a level-séectrum which is most
conéistent with éxpériment for 1;“Nd and ¥°Gsm. The model
couples the twc-néﬂtrons dutside the N=82'c6re ﬁo quadrupole
vibrations, Tﬁé results of this calCulation‘give wavefunc-
tlons which show subctantlal m1x1ng of 51ngle-part1cle states

resultlng from the coupllng cf core exc1tat10ns.
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D. 1Interpretaticns of 137Cs Levels

Most of the levels observed in the beta decay of 137Xe
ware not Observed in the proton transfer experiments of
Wildenthai et al. (19). The leveis at C-, 456-, 1868- and
2068~keV appear to correspond fo thé_single-particle levels
identified in Rsferencé 19. The systematics for the relative
energies of the proton single-particle states is shown in
Figure 27;' The large number of 1evéis between 1 and 2.Mev
for the odd-A N=82 nuclei and the limited number of;spin and
'pdrity assignments inhibits any attempt to ccnstruct compre-
'hensive level sysfematics for the odd-A nuclei. fhe‘low-
iying levels of 137Cs can probably be interpreted as an extra
proton coupled to a !'36Xe core. A conseguence of this ;nter—
pretation isbthat some similarities wvould be expectsd in com-
paring the 137Xe and 1367 decay schemes.

Approximately 36% of all beta feeding to leﬁels above 1
MeV is te the 2856fkev level. A similar observation was mads .
eaflier (in this chapter) for the N=82 isotone 136xe in which
a level at 4269 kev;ﬁas strongly populated by beta decay and |
was interpreted by isobaric analogue resonance (p,p') experi-
ments as having a neutron particle-hole charactef.j A possi-
bls iﬁterp;etation of ﬁhe 2850-keV level is that of a neutron
,psrticlé-hole statefcoupied to the ground-state'proton con~-

figuration. Since the strongest depopulating transition for
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the 2850-kaV level is to the h,,,, 1868-keV level, ancther
'possible interpretation is that the 2850-keV level is a three

quasi-particle state in which one of the guasi-particles is
IRIRVZE

'F. Thecretical Calculations for 137Cs Levels

Theoretical calculaticns of the lévels in 137Cs have
been performed ty Heyde and Waroquier (50) and by Wildenthal
and_Larsdn (aé).« A comparison of these calculations with the
experimental results is shown in Figure 32,

The first calculation is a gquasi-particle treatment
which includes all one and three quasi-particle configura-
tions of the protons in the states between 2=50 and Z=82. A
~central force of gaussian shape with spin exchange was used
aé the residual nucleon-nucleon interaétion}

Wildenthal and lLarson performed a éhell-mcdel calcula-
tion in which all five protons outside the 2=50 shell were
inciuded, The lasis used included all ccnfigurations of the
ds,, and g,,, érbitals ahd configurations in which cne proton
was eicited to the 4;,, or s;,, orbitals. A modified
surface—delia interaction was used.

It is not rossible to make a detailead Comparison with
experimental levels because the number of kncwn spin and
garity assignments for the experimental levels is limited and

the density of experimental and thedreticalvlevels is high.
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AAipw-lying 3/24'state is predicted at about'i'MeV. "This
levél was not'cbserQed iﬁ this study prObébly because it
would be fed by a first-forbidden unique beta transition.
Above this level, the déﬁsity'of states from the fheoreticai
éalculations is in goqa'agreement with thé'observed experi-

mental level density and spin assignments.
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VI. CONCLUSIONS

The results ofvthis study clarify mﬁny discrepancies be-
tween previous studies of 1361 decay. A proposed 160-second
isomer was not observed, and the placement of most transi-
tions connecting low-lying levels was established. The spin
and parity of the high-spin isomer cannot be limited to S5—,
since beta féeding to the 4+ level at 1694 keV was not ob-
served.,

Aﬁany new transitions vith energy greater than 3 MeV were
observed and many new. levels above 3.3 MeV ﬁere proposed.
Some of these_levels appear to correspond to neutron
particle-hole states seen in (p,p')_isobaricuanalogue reso-
nandq éxpeﬁiments.__h similar observation can be made for é
fév lévels ih }3°Ba (42,43). ;t would be interesting to
study.the decay of !34sb in order to Searéh fof similar
levels and to examine their systematics.

| _Levelschrrespbnding to single-particle states identi-
fied in prqton-transfer experiments (19) were observed in the
decay scﬁeme for 137Xe. The 2é50fkev level vas observed to
be étrongly pogul;ted by beta décay and possible interpreta-
tioné as a neutton parti¢1e-ho1e state or a three quaéi-
particle state containiné some hlﬁz singie-particle'siﬁength

vere proposed.
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" The level systgmatics for the N=84 and Xe isotopes were
| exteqded by the construction of the first decay schemeAfor
1387, Furthe; study of this decay with sdutces containing a
larger ratio of I to Xe is necessary for a ﬁore comprehensive

extension of the Xe and N=84 systematics.
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VII. APPENDIX: COMPUTER COLES
New computer codes have been develbped to assist in the

analjsis of the experimental data. These codes are discussed

belcocw.
"A. ENERGY Code

4The code ENE&GY was developed to simplify the calcula-
tion of gamma energies and to-éxpedité the analysis of the
energi;s‘of gamma peaks above'3.5 Mev using a bootstrapping
procedure., The output catds'from the reak-fitting codes were
used to enter the peak cehtroids into fhe ENERGY code, and
tﬂe.enerqies were entered or standardized energy calibration
ca;ds. The code las two modes of operaticn. The firét modev
successively performs a welighted leaét-squares fit of the
differential nOniinearity to polynomials of increasing crder.
The argumént of fhe.polynomial_is the least-squares line en-
ergy. The nonlinearity Qas,calculated relative to a least-
squares line determined from a specified subset of the
crdered pairs‘in the;input data; The resulting pclynomial
and nonlineapity_are%plotted for each degree (5 7) of the
éolynémial to determine the orderxof polyhOmial which gives
the beast fit. ‘The uncertainfy in the nronlinearity value is
specified as half pf‘theidifferenCleetwgen two pclynomials

(of the same crder as the nonlinearity peclynomial) which are
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’the weightea least-séuafes fits to the points of\the upper
and lower erro# limits respectively.

| The other node -of operation is to use the polynomial cf
optimum crder tc evaluate the anefgy of unknown peaks. The
nonlinearity pclynomial was obtained from peaks in the cali-
tration spectrum. The. code adds the polynomial value of the
nonlinearity to the least-squares line energy tc cbtain the
eneigy of the uﬁkncwn peak. | |
 If a peak_is 1abeied as a double- or single- escape
peag,.(DE?.or SE?)‘ENERGY calculates the single-escape and
‘photo-peak (PP) energies. ‘If succeeding cafds contain the SE
. and orAPP.énd thesé peaks are within tfe specified:range cf
the nonlinearity, then a weighted éverégelof the PP energy is
performed. This calculaied PP energy could be used fc'extend‘

thé nonlinearity curve.
B. Multiscale Codes

The code TBANSFJéhwasvused to sum and trénsfer the 16K
nultiscale dat§4sets4from magnetic tape cnto a private disk
pack; This code is a modification of an earlier code which
was adapted to process i6K data sets. The code'can be used
to co:rect’fdr overflcws of channel iero in each time slice.. .

.A special plotting céde (PLTMULTI) was developed to plot
and'list s2lected energy regions of the multiscaié data,

summed over selected time intervals. These plots were used
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to determine the placement of qindovs.on the background above
and below the peak and on the peak itself,

The code HALFLIFE performs the analysis required to
obtain the dead-time corrected areas of a peak aé a function
Qf time and plots a single half-life fit tc the decay curvé.
Peak areas afe determined by subtracting the arealunder thé
background line in the peak window from the sum of the ccunts
in the peak ﬁindow. The béckground line is the leaét-squafes
line throﬁgh the counts in both hackgrcundAwihdows. Counts
from the oscillator stored in channel ¢ are ncrmalized tc the
COunts stored for the 1aSt'time interval, and the peak areas
‘are diviled b§ this nOrmalization to oktain the dead-fime
cqrrécteﬂ areas. Punched cardé,were generated containing the
time,’qounts in the peak window, background counts in the
peak uindow,'unqerta?ntonf this background and the dead-time
cor;gctidn factor., 'two different methcds are used to fit a
single half-life to the decay curve. The first is a least-
squarés 1idelfit to the logarithm of the décay cur?e; The
second nethod performs a Newton's method minimization of the
chi-square as a function of the deéay constant.

‘ If thé decay'curQe could not be fit with a singlé half-
life, then thé pqnchéd card output was analyzed using thé
cpde MULTLMDA. This code cun%tuucLs a decay curve from thé
card input andlminimizes the chi-square value by'performing a

stepping s=2arch on the‘decay-conStant parameters. The calcu-
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laied decay curve can contaih up to a méximum of fen compo-f
nents aﬁd can include d§Ughter éctivities which.grow iﬁ
during the multiscéle cycle. The code can plot and list the
fit obtainea usiné the initial guess for the parameters in

addition to the fit obiained with the final rparameter values.
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