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Gamma-ray decay schemes for 93Kr, 99Rb, and °3sr!
" Charles Jacob Bischof

Under tﬁe supervision c¢f W. L. Talber%t, Jf.
From the Department of.Physics
Towa State University
A study of +he gamma-ray de-excitation following the

beta decays of 93Kr, 93Rb, and 93sr using the TRISTAN cn-line
separator facility is reported. Gamma-ray singlesAand gamma-
gamma cecincidence measufements were made using Ge (Li) detec-
"tors. AOf the 162 gamma rays observed in‘the decaf of 9355,
143, ;epresenting more than 99% of‘the total gammé%ra& inten-
sify obsarved, were placed in a level scheme containing 36
levels, For the decay of 93Rb, 243 gamﬁa rays were qbs;rved;
of which 231 are placed in a level séheme consisting of 74
levels., This again represents a piacemeht of over 99% of fhe
Atofal gamma-ray intensity measured. In the case of the 93Kr
: ‘deéay apprbximately 98.5% of the observed gamma-fay intensity
. hasAbeen accocunted for by the proposed level schemé."Tﬁis
results fromlthe placement of 203 of . the 2i7 gamma rays as-
signed to this decay in é level schemé éﬁmprising 56 levels.
Beta-brénchiﬁg for these decays were determined from transi-
tion inten#ity balances. Spin and parity'assignments were
proposed, whenever possible, on the basis of gamma-ray tran-

lUSERDA Report IS-T-707. This Work was performed under con-
tract W-7405-eng-82 with the U. S. Energy and Research Devel-
opment Administration.



sition probabilities:and deduced logft vélues. A cémpétiéon
is made Withtthe available réaction déta for thé 93Y level
écheme.  In'all'ca§es an attempt»has been made to explain
some of the levels in terms of the nﬁclear shell model arnd

decay systematics.
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I. INTRODUCTION

The discovery of fissicn occurred rather accidentally
folloﬁing Chadwick's discovery of the neutron in 1932 (1).
In a series of experiments in 1934 Fermi (2) attempted to
éroduce transuranic elemeﬁts by irradiating natural uranium
with neutrons. These»irfadiations resulted in the production
of many different radioactivities, a fact that created much
confusion. From 1934 through most of 1938 questions conéern-
ing. the identities of these radioactive species wenf
unanswered. Finally in 1939 Hahn and Strassman.(3,u) provid-
ed conclusive proof that scme of these radioactive species
were isotopes of barium and lantﬁanum. This explanation vas
at first offered with some reservation because it seemed in-

consistent with previously known nuclear properties.

A. Fission and Beta Decay

The first theoretical explanation for the fission proc-
ess was proposed by Meitner and Frisch in 1939 (5). Théy
assumed that the fissioning nucleus could be cdmpared to the
splitting of a vibrating liquid drop. In this liquid drop
model there were two competing terms. The first is the sur-
face potential resulting from the attracti?e short range nu-
clear force. The second is the Coulomb potential caused by
the repulsive electrostatic force acting bet ween protons.

The total potential energy is the sum of these terms. The



overall potential ﬁiil have a minimum value for a particuiar
equilibrium shape of the nucleus. Any change froﬁ this shape
reéults in an increase of the potential énergy since'the at-
tractive nuclear force dominates. This increase continues
until +he longer range electrostatic force becomes the domi-
nant factor. From that point on} the potentiai energy de-
creases, A.potentiéi energy barrier must therefore be bvér-
come in order for fission to také place.. In the case of 2350
this energy can be gxceedéd by the capture of aAthermal reu-
tron, Msitner and Frisch (5) predicted that the kinetic en-
ergy of these fission fragments shpuld be around 200 MevV.
Later that same yeaf Frisch (6) offered experimental evidence
that the radiocactive species observed by Hahn and Strassman
did have kinetic energies of this magnitude.

Although the liquid drcp model describes the general
features of the fission barrier it fails to explain the tend-
erncy for heavy nuclei to fission asymmetrically. The fission
yiéld curve for 235U jillustrating this preference is shown in
Figure 1. " In a more recent model (7) it is assumed that as
the time of scission is approached, nucleons are transferred
between the two nascent fragments. The only restricticns on
such a transfer are (1) the potential energy is always mini-
mized and, (2) the two fragments remain in t+hermal equilibri-
um. The latter requirement +tends to weaken the effects of

shell structure by causing nucleons to be transferred in or-
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der to maintain fhermalvequilibrium. As thé.energonf the
captured neutron increases thié restriction dominates and
heavy huclei display a tendency to fission symmetrically. .
Such a model reproduces the fission yield curve quite well,
except that oﬁe would expect the larger fragment yieid to
peak near A = 132 due to the shell closures for Z = 50 énd N
= 82, Ths broadeniﬁé of the fission yield cﬁrve appears to
be a result‘of the requirement'that thermal equilibriuﬁ,be
maintained. | |

The nucleaf decays studied in this wo;k-are»those of'v
‘93Kr and two of its daughteré 93Rb and 93Sr. - The difficulty
involved in studying thése nuclei is in larQe part due to
their reduced fission yield. The A = 93 chain yield as seen
in Figure 1 is 6.39%,(8). Looking at the individual members
in this ch;in, howe#ef, we see thét the cumulative yield for
93Kr is only 0.48% whiletthe cumulative yields for 93Rb andj
93Sr are 3.69% and 6.18% respectively (8,9). Further.compli-
cation results from the fact that 93Kr and 93Rb are delayed
neutron emitters, with delayed n;utfon,emission probabilities
of 2.6 + 0.5% and 1.65 + 0.30%, respectivelf (10) « Further-
more, these two isobars have rather short half-lives as il-
lustrated in Fiqure 2. Since the neutron number to prcton
number ratio incréases with mass number for the stable
nuclei, the fission fragments are extremely neutron rich,

Such nuclei undergo a decay process known as beta decay. 1In
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this deﬁay«pfocess‘an eiectron and an anti-neﬁfrino are-
ejected from thé nhcleué. The mass number (A) thuS'reméins
the same but the number of protons present increasesuby 6ne.
~These daﬁghter nucléi nay also undergo beta decay uﬁtil the
.line'of beta stability is reached; As a reéult,of the'beta
decay process the daughter nucleus may be left either in some
excited state or the ground state.  The largest amount of en-
ergy is released inAthe.depay if the daughter nucleus is left
in the ground state and this energy is called the Q-value of
fhe parent nucleus. The Q-values of the nuclei examined in
the present work are also shown in FigureAQ.

Whether or not states cf the daughter nucleus are fed by
beta decay is determined by the spins and parities of the in~-
itial and final states. Final states havihg the same parity
as the ground state of the parent nucleus and a spin differ-
ing by one unit or less are most likely to be fed in beta
decay., Transitions of this type are referred to.as "allowed"
transitions. "Forbidden" transitions-are those cases in
which a éhange of'parity or ary other change in spin occurs,
"Allowed" transitions are more probable than '"forbidden"
transitions fcr comparable eneréy differénces. Therefore,
initial states decaying via a "forbidden" transition have'
longer lifetimes. | |

The simplest assumption'that can be made for the elec-

trorn wave function in the theory of beta decay is that it is



a constant equal to its free-patficlé valhe at the center of
the nucleus. A correction can be made for tﬁe distortion of
this wave function by the charge of the nucleus. This cor;
rection faétof is called the Fermi functioﬁ and is usually
denoted by f (Z,E) where E is the energy of.the electron and 2
is the proton number of the parent nucleus. For allowed |
transitions the theory predicts that the’product f(Z,E)f,
wvhere £ is the half-life of the parent nucleus, is energy in-
dependenf and a function only of the spins and parities of
the.initial and final states. This result has also ﬂeen ex-
tended to describe the electron wave functions leading to
"forbidden" transitions and can be summérized in the beta“
decay selection rules shéwn in Table 1. Generally the logft
values are given rather than the £t values themselves because
of the extreme variations present between "allowed" and "for-
bidden" processes. |

Table 1. Beta decay selection rules

Beta-transition Category Spin Change Parity Chahge
Allowed 0,1 Yo
First-forbidden, nohunique 0,1 Yes
First-forbidden, unique +2 Yes
Second-forbidden ' 0,+1,+2,%3 No

Third-forbidden 0,+1,+2,%3,+4 Yes
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B. Gamma—ﬁay Transitions

After beta oecay the daughter'nucleus is often leftiin
an excited state. This nucleus ﬁill then usually de-excite
by meens of an electroﬁagnetic transition in which a.gamma’
rey‘is emitted. The theory of such electromagnetic précesses
| ie‘contained in Mexwell's equations. These equations can be
expressed in terms of a vectcr potential (K) and a scalar po-
Atential (¢) . Nuclear states have a definite angular momentum
and parity because the nuclear Hamiltonian is invariant under
rtotations and reflections. Using this fact;‘it is advisable °
o carry out a multipole expansion of the vector potential
(K). Once this is doneé it is the multipole potential which
will be responeible for the electromagnetic transitions be-
tween nuclear states. Each gamma ray emitted from the nucle-
us carries off a total angular momentum L. It can be shown
that transitions of multipcle order L are favored over those
of order L + 1, ThisAexpansion can also be divided into e-
lectric and magnetic hultipoles denoted by EL and ML respec-
tively. It can be further shown that the ML strength is
smaller than that of the EL transition. The selection ruies
for gamma-ray transitions resulting from this multipole ex-

pansion are listed in Table 2.



- Table 2, Gamma-ray selection rules
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Type | symbol  Maximum Angular Parity

: Momentum Change,l Change
Electric Dipole E1 1 Yes
Magnetic Dipole oM ' 1 ‘ No
Electric Quadrupole E2} 2 No
Magnetic Quadrupole M2 _ 2 Yes
Electric=0cthpole E3 : 3 Yes
Magnetic Octupole M3 3 No
Electric Hexadecapole E4 ‘ 4 "No
Magnetic Hexadecapole My 4 _ Yes

- - A D P A P R G Ay S e S G AR R D A . G S =R e W G D = - s . - D s G e WD WS wn W A A e =

The absolute transition probability for a given type of
multipols :adiation depends on the wave functions describing
the initial and final states. Iﬁ most cases the resulting
level lifetimes are quite short (10-12 - 10-15 sec). Howev-
er, in some cases 1afge changes in angular momentum are re-
quired which can lead to extended lifetimes. 1In fact, ﬁeé-
surements of such level lifetimes are useful in determining
the multipole order of zhe transition observed. Using shell
model wave functions and assuming single-particle transi- -
tions, Weisskopf has made estimates of tranéition lifetimes
as a function of energy and multipole order. These estimates

for proton number U40 are shown in Figure 3,
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Figure 3. Weisskopf estimate of E1, M1, E2, M2, E3, M3
transition lifetimes for 2 = 40
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C. Internal Conversion

‘The internal conversion process competes with gaﬁma-ray
emission as a mode of de<excitation for excited states of
nﬁélei. In this process, the nﬁclear transiti@n energy is
transferred to an atomic eiéctron which is then ejeéted from
the atom with an energy equal to the transition énérgy'minus
the electron biﬁding energy. A measure of the probability of
such an event occurring is the intetnal éonversion coeffi-
cient, o, It is défined as the ratio of tﬁe nuhbér of atomic
electrons emitted per unit time to the number of gamma raYé
émitted for the same transition per unit time, di
symboiically, o= Ny / Ny. It is possible to‘distinguish'the‘
atomic electrons emitted from each atomic shell, Writing the
internal conversion coefficient to accommodate this distinc-
tion; we4fina that

a = o, + av L TR S

This series converges rapidly since the overiap bethen‘the
nucleus and the wave functions of the outer orbital electrons
becomes very small. Furtherhore, the probability of internal
conversion decreases rapidly with increasing transition ener-
gy as well as dec;easing angular momentum transfer. Tﬁus it
is usually only for thé 10w*energy or high multipolarity
gamma rays that internal ccnversion actually competes as'a

mode of de-excitation.
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D. Motivation For This Study

ﬁucléi having a spherical shape have long been'associ-
ated with closed shells and the corresponding ﬁmagic" numbers
of nicleons. The closed shell for neutréns at N = 50 has
‘ipng been estabiished. éuch evidence as the increase in
binding energy per nucleon, the increased energy of the_first
2+ excited étates,'the discontinuity in neutron'separatioﬁ
energies, and the éecreased thermél neutron capture cross-
sections, verifies the existence of shell closure for this
neutren number, |

For the case of proton configurations in this region
there is a controversy concerring whether Z = 38 or Z = 40
should be considered a "semi-magic" number., Various authors
(11,12,13) have calculated theoretical level schemes using
907r as a stable core, while others (13,14,15,16) have used
883 aslthe core configuration. 1In bothAcases the results
have been consistent with the experimental data available.
The energies of the first 2+ excited states of.the even-even
isotcnes for various neutrcn numbers are shown in Figqre 4,
In each case the energy of this state is maximum for eithéf Z
= 38 or Z = 40, However, in each case where the energy peéks
for Z = 40 there exists at mcderately low energies a second
0+ state. Configuration interaction between this state aﬁd
the ground state would tend to lower the energy of the ground

state.
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for N = 50, 52, 54, and 56
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Figure‘4. First 2% excited states of even-even isotones
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If correction is made for this energy shift it is likely that
the energy of the first 2+ state is greatest for Z = 38.

Although the abo?e discussion fails to resolve the 4i-
lemma over which proton number is "semi-magic",‘the péint»
that these nuclei should be described using the shell modgl
is unaffected. Plotting the quadrupole moment versus Z indi-
cates small or zero moments in the region of 7 = 38,40 (17);
The level schemes of these nuclei also agree well with the
vibrational spectrum expected for oscillations about a spher-
ical equilibrium shape. It seems reasonable then to assume
that nuclei near A = 90 have a spherical shape.

In 1965, S. A. E. Johansson (18) reported the first evi-
dence for deformed nuclei in the A ~ 100 mass region. His
study of the delayed gamma-ray spectra from 252Cf fission
fragments indicated similarities between these spectra and
the spectra observed for the rare-earth nuclei, which had al-
ready been determined to be permanently deformed. As a re-
sult of his observations he predicted that nuclei with A n
110 would be most likely tc be permanently deformed. Cther
calculations pérformed later predicted stable deformations
for 100-1107r, 98-108Sr and 96-106Kr, Finally in 1970,
Cheifetz, et al. (19) presented experimental evidence cf the
rotation-like behaviour of 102Zr and 106Mo, They also noted
that the E(ﬁ+)/E(2+) ratio as well as the B(E2)exp./B(E2)s.p.

ratio undergo extreme changes between 98Zr and 100zr, It
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appears then thét the existence of this new deformed region'
is quite well establishéd. Examining'this information, it
becomes obviéus that much might be learned by examining the
transitional nuclei connecting the two regions of spherical
nuclei around A = 90 and deformed ﬁuclei around A = 100, The
members of the A = 93 mass chain étudied in this work repré-
sent such transitional nuclei.

"In the history of nuclear physics much information has
been gained through a systematic study of neighboring nuclei.
Often, a significant trend was noted only after information
on many neighboring nuclei was compéfed. Inlthe absenceAQf‘a
unified model for the nuclear force the best approach is to
accum&late as much experimental data as possible in hores of
providing some insight intc the properties of this force.

The preseht work is also an attempt to supply such informa-
tion for nuclei far from the line of beta stability.

In 1970 Grueter, et al. (20) reported the existénéé of a
257-keV gamma ray associated with a 57-psec isomeric state in
93Rb. Later Grueter (21) detected two 1.4-psec gamma rays
and assigned them to an isomeric stéte in 93sr, Earlier,
Johansson (18) and others found that such isomeric states
populated during fission were concentrated into.a-few narrow
mass regions, Prior to this work Cavallini, Schussler, and
Moussa (22) had already found that a 168-keV gamma-ray tran-

sition depopulated a 759-keV isomeric state in 93y,
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Finally, the’informaticn on gamma-ray and beta-ray ener-
giés and the associated decay intensities of fission products
such as those examinea in this study is of interest to those
involved in reactor physics calculations., Charged particles
interact strongly with the structural material of the reac-
tof. As a result, their erergy is deposited in the férm of
heat very near the point of emission. Gamma rays, on the
other hand, penetrate these materials to a much greater €x-
tent., Thus their energy can bé deposited as heat far from
the poinﬁ of emission, provided their energigs are lérgé
enough., In addition, beta particles having energies of sev-
eral MeV or more will lose their energy by emitting intense
bremstrahlung radiation. The relative strengths of such
radiative processes must therefore be taken into considera-
tion when designing the shielding'and cooling strucfures of a

workable reactor.

E. Previous Studies
The decay of 93Sr was first identified by C. Lieber (23)
in 1939, She identified this isotope as the 7-minute compo-
nent observed in the Sr activity decay curves she was study-
ing. Several measurements of this half-life have been re-
ported but the most accurate appears to be 7.32 t 0.10 min
from Carlson, et al. (24). Q-values varying from 3.8 MeV to

4,8 MeV have been reported in the literature. The most con--
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sistent'value however, is probably 4.3 + 0.2 MeV as reported
by Bakhru and»uukhérjee (25) and by Herzog and Grimm (26);
‘It should be mentioned that, in the discussion of the 93Y
levei scheme, evidence will be provided for favoring the
upper limit on this Q-value., The first partial level schenme
based on'Ge(Li) detector gamma-ray spéctra was proposedAby
Cavallini, Schussler, and uouséa (22) . . In‘this work 40 gamﬁa
rays were identified of which eight were placed in a level
.scheme composed of seven levels., ' These authors were also the
first to note the existence cf a 759-keV isomeric state,
Léter, usihg a similar approach; Herzog and Grimm (26) prS-
posed a level scheme based on 55 transitions between 23
levels, They also assigned spinsAand parities to fhe six
lowest levels based on the 9F‘Zr(d,iﬂie) reaction york of
Preedom, et al. (27). The most recent comprehensive gamma
study of this decay was performed by Achterberg, et al. (28).
Besides placing 69 transitions within a,écheme of 25 levels,
Achterberg, et al. determined the conversion coefficiénts for
the 168- and 590-keV transitions as well as a half-life of 85
t 15 msec for the 759-kev isomeric state. However their
value for the half-iifg.is in éreat disagreement with a more
recent determination of 820 + 40 msec by Casella, Knight, and
Naumann (29) which has been adopted in this work.
Experimental evidence for the existence of 93Rb was

first presented in 1960 by Fritze and Kennett (30). Never-
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theless, its existence had beeh guaranteed in 1951 when
Dillard, et al. (31) identified its gaseous fission prcduct
parent'93Kr. The most accurate half-life measurement was
performed by Carlson, et al. (24) who stated fhat the half-
life was 5.86 + 0.13 sec._'Clifford, et al. (32) measured the
Q-value to be f.23 t+ 0.10 MeV. This is in fairly good agree-
ment with the value of 7.5% 1.0.15'Mev reported by Macias-
Marques, €t al. (33). A single beta-gamma coincidence gate
vas also reported by Clifford, et al. - However, because a de-
finitive decay scheme did not exist at the time of Clifford's
eiperiment, he vas not able to include in his analysis the
various beta groups which contribute to tﬁe gated beta spec-
trum. This complication hakes it inadviééble to adapt the
end-point energy value for the éated spectrum reported in his
study as a means of deducing the Q-value.

‘A O0-value of 5.75 + 0.10 MeV has been proposed by
Brissot, et al. (34) based on several coincidenceAgates. The
level scheme proposed in the present work, however, has sev-
eral well-established levelé at energies greater than 6.0
MeV. Therefore a Q-value bélow this énergy seems unlikely.
This value is also much louef than the Q-values predicted by
Garvey, et al. (35), Seeger (36) and Wapstra and Gove (37).

Until recently no level scheme existed for 93Sr. 1In
the last six months thoﬁgh, two arficles have been published

on this decay. Achterberg, et al. (34) provided a level
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scheme of 20 levels connected by 37 fransitiéns. They also
determined the multipolarity of the three lowest-energy gamma
rays on the basis of measured internal conversion coeffi-
cients. In an almost simultaneous éublication Brissot, et
g;, (34) offered a quite different level scheme §omprised of
69 transitions placed amoﬁg 25 leveis. Thefe was also liftle‘
b, agreement between the gamma intensities.quoted in tﬁese two
articles. The gamﬁa-ray.intensities obtained as a result of
the present work should help to resolve this discrepancy.
Brady and Sugarman (38) first discovered that the 10-h
93y activity results from a gaseous parent. Uﬁfortunately,
at that time no mass assignment had been made for this.
‘yttrium isotope. Dillard} et al., (31) determined that the Kr
parent had a half-life of 2.0 + 0.5 sec but incorrectly as-
signed it to the mass 95 chain. Later Selikson and Siegel
(39)‘examined.the daughter activity resulting from ihe 10-h f
decay and noted that a negligible amount of 95SZr was pieseﬂt.
They argued that this 10-h Y‘activity should be credited to
the mass 93 chain. This was also supported by cumulative
fractional yield measurements performed by Glendenin,
Cofyell, and Edwards (40). The 93Kr activity has thus been
established as a direct fission product. As before, a reli-
able half-life measurement of 1.289 + 0.012 sec has been made

by Carlson, et al. (24).
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Clifford, et al. have reported'a Q?value'of 8.3 £ 0.5
MeV for the Beta decay of 93Kr based on a bete singleeuspee-
. trum, Beta decay.endpoint energies were also queted for four
beta-gamma coincidence gates. However, sinee no decay scheme
' existed at the time of Clifford's study it was not possible
for him to calculate a Q-value based on these spectra. ﬁsing
the level scheme presented in this work, along with fhe beta
endpoint energies reported by Clifford, a new value for the j
Q-value‘of this decay has been determined. A weigﬁted aver-
age of the values obtained from the four gates yields a Q-
value of 7.51 ¢ 0,05 MeV. This is in agreement with the Q-
value of 7.3 + 0.2 MeV repcrted by Brissot, g;»g;;

As in the case ef thel93Rb decey,lnq decay schene
existed for 93Kr prior to ﬁhe publication of the studies by
Achterberg, g; al. and Brissot, et al. The two level schenmes
presented for 93Rb are fairly consistent, but again there is
disagreement in. the reported gamma-ray intensities.

It should be noted that Achterberg, eg Ql. proposed pos-
itive parity for the ground state and the first four excited
states of'the 93ﬁb level scheme, This parity'assignment
seems unlikely because of the predominance of negative-pafity
shell-model states available in the region around Z = 37.‘
The present study will indicate that the parity of these
levels is probably negative in agreement with the predictions

of the shell model.
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II. EXPERIMENTAL METHODS

The A = 93 isobars repcrted on in this work are only a
sﬁall part of a continuing study of 235U gaseous fission
pfoducts being carried out at thé'TRISTAN facility.. This: fa-
cility consists of an on-line iéotopé separatdr in conijunc-
tion gith a switch magnet whiéh directs the mass-selected ion
beam to one of three stations. Each of these three stations
is equipped with a different experimental apparatus to be
ﬁsed for nuclear spectroscopy studies. An overheadAview of
this facility is shown in Figure 5. BAn article by J. E.
Mccbnnell and W, L, Talbert (41), soon to be published; pro-
vides a thorough description of this installation.. Conse;
quently, only a sketch of the major components of the systém

will be reproduced here.

A. Isotopic Separation cf 235y Fission Prodﬁcts

The gaseous fission prcducts are obtained by placing a
sample of an average mass of 8 gm of uraniuﬁ stearate in an
external neutron beam provided by the Ames Lab Research Reac-
tor. The uranium stearate is composed of‘approximately 25%,
by weight, fully-enriched 2357y, The maximum'neutron flux is
around 3 x 109 thermal neutrons/cm2/sec. After the fission
products are released they are transferred to an ion scurce
throﬁgh a neoprene transport line with an inner liner of

teflon., The diffusion of these fission products through the



HEAVY CONCRETE SHIELDING

ACCELERATION TANK 8
ELECTROSTATIC LENSES
90° SECTOR MAGNET

PARAFFIN
SHIELDING

SAMPLE

V
‘\

' " /'LEAD SHIELDING WALLS

Q

HIGH VOLTAGE
CAGE \

-

R~ EXTENSION TANK

FOCAL PLANE

FISSION PRODUCT] 2K I8 sUT
TRANSPORT LINE COLLECTOR BOX—3\¢ .\ |
A ‘\ Y-RAY
DEFLECTION PLATES—" & > MOVING TAPE
' COLLECTOR
SWITCH MAGNET—— L
REACTOR | =
PEDESTAL A
AP
v/\
: ‘ NEUTRON
7/Z - RAY SPECTROMETER AN MOVING TAPE

AND MOVING TAPE COLLECTOR : . COLLECTOR.

-3

Figqure 5. Schematic overhead view of TRISTAN faéility

z¢



23

'transpoft'line is aided by the introduction of a mixture_of
He, Xe, and‘Kr gases. The Xe and Kr gases, representing only
a few per cent of this mixture, are used as mass markers and
a convenience for beam focusing adjustments, |
An extractor lens, operating at apéroximately 5 kv,
"draws the ions out of the ion source. After extraction, the
ions pass through acceieration and electrostatic focusing
lenses., The acceleration potential was usually 55 kV during
these experiments. Foliowing passage thfough the focusing
lens, the ions enter a 909 sector magnet of mean radius 160
cm. It is this magnetic field which actually provideslthe
isotopic separation of these icnized fission products. The
‘mass separation has been proven to bée quite goecd with contam-
inatioﬁ from masses A + 1 in the maés A deposit being cn the
order of 1 part in 5 x 105 (41). Extreme contamination can
result, ﬁowever, from the A -1 mass‘chain'in the form of
KrH+ molecular ions. This céntamination is most evident in
the study of low-yield, ‘high-mass Kr chains, such as that in
this work. The amount of hydride contamination appears to
depend mostly on fhe»age of the uranium stearate sample. 1In
. most cases after ten to tweive weeks of stearate exposure to
the neutron beam, this hydride contamination was less than 1
or 2 per cent., For the 93Rb and 93Sr decay studies this con-
tamination was of less impcrtance due to additional circum-

stances. The 92Rb decay proceeds almost entirely to the
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ground state of 92Sr.. As a.result there are very few’gammé
rays of sufficient intensity to contaminate the'93Rb decay
spectrum. Because 22Sr and 93Sr have very‘different half-
lives, 2.69 h apd 7.5 min respectivély, the amount of 92Sr
activity accumulated during the uéual beam collection fihe
was véry small. |

After the mass diépersion by the magnet, the beam enters
the collector box. Insidelthe collector box are located sta-
bilization pins, a fluorescent screen, and a mass-defining
slit.A The fluorescent screen is an Al plate coated with KBr.
The appearance of the stable Kr marker beam on this screen
is used to find the initial separator control settings. The
magnet current'can then be adjusted such that the‘desired-
mass passes through the defining slit. When the beam is in
poéition the stabilization pins are adjﬁsted such that a
neighboring mass is.situated between the two pins.‘ Thé'beam
position stabilizer then mcnitors the current striking each
pin. 1If a current imbalance occurs the stabilizer makes a
correction in the acceleraticn voltage in order to return the
beam to its original position. Iﬁmediately following the
mass slit is a pair of vertical deflection plates. The beam
can be deflected at this pcint by applying a potential of 800
volts to these plates., This deflection voltage was usually
utilized in conjunction with the moving tape ccllector  (MTC)

and the daughter analysis systenm.



The switch nagnet deflects the bean through(@n angle of
459 along a path having a'mean'radius'of curvafuré'of 45 cm
when using the ﬁTc;‘ Thié magnet aléo prévidés'a second mass
separation,'thus helping tc reduce fﬁrthér,the level df CIoss

contaminration,

B. Isobaric Separation of A = 93 Kctivities
The beam beingldeposited on the aluminum coated mylar

fape of the MTC qonsists of the first member of the isobaric
decay chain selected.' The isobaric separation of the result-
ing activities is performed mechanically. Figures 6 and 7
are rhotographs of the previoﬁs-and present models of the:
"MTC. The 93Sr and 93Rb decays weres studied using the clder
model while the newer model was utilized for the 93Kr decay
work., The newer model was especially.suited for thé 9 3Kr ex-
periments for several reasons. First'of éil the'tape drive |
system was reversible. Thus when studying short-lived'activ-‘
ities it was possible to rewind the tape when the suppl&,reel
was empty. Since the beginning of the tape had not been ex;
posed to the beam for about 12 hours or more the amount of
contaminant actiéity was negligible relative to backgrcund
activity. The reiind time was usually around one hour. This
was much less than tﬁe time required to remove the shielding,
open the "6ld" MTC, replace the tape, and pump down. Second-

ly, the new MTC has larger reels capable of holdihg four
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Figure 7. Photograph of third generation moving tape
collector (MTC)
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times as much tape. As a result, a smaller fraction of the
total ruh time is spent in replenishing fhe tape. Finally,
the'takeup.reel is fdrther removed from the location of the:
Ge (L1i) de£ectors. Becausé of this increased separation any
activity buildup on the previously exposed tapé was no#
detectable. This had previously been a problem on experi-
ments involving low-yield mass chains; | |

"parent" and "daughter" ports are present on both MTCs.
Dﬁring the 93Kr expériments the "parent" port was used aﬂq
the tape‘was moved every 7 seconds in order to reduce contam-
ination by daughter activities. While the tape was in motion
the beam was inﬁerrup@ed by applying a voltage to the deflec-
tion plates and the multichannel analyzer was gated off.
Cyclinglof the tape, deflecticn voltage and the anéiyzer ié.
controlled by the Daughter Analysis System (DAS). .Eor the
- low energy gamma-ray studies a thin mylar window replaced fhe
usual aluminum cover on the "pa;ent" por£.

The 93Rbrana 93Sr data were collected using the "daugh-
ter" port. Using suitably chosen beam collection, delay, aﬁd}
accumulation times it'is'pcésible tc enhance each déughter
~activity independently, The minimum delay tiﬁe is the time
needed to transfer the activity from the "parentﬁ to the
"daughter" port. . The program TSOBAR (42) aids in deciding
which collection, delay and accumulation times will yield

optimum enhancement,
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C. Ge(Li) Detectors Utilized

singles and coincidence data were obtained using 60-cm3
Ge (Li) detectors. Additional étudies,vere'made of the 1ow
enerqgy gamma-réy spectrum cf 93Kr. Both LEPS (Low Energy
Photon.Spectrometéf) singles and LEPS -iGe(Li) coiﬁcidencés
experiﬁents were performed onAthis decay. In fact, two sepa~-
rate LEPS measurements were made on the low energy gamia—ray
spectrum of 93Kr. The first was used.to'providé acéurate en-
ergies and intensities for the region 0 - 400 keV. This was
later reéeated with a higher resolution LEPS detector in or-
der to resolve the 253-keV multiplet. The final fit of this.
multiplet, reproduced in Figure 8, indicatesAthe degree of
resolution possible ;ith this detector. The specifications
for all of these Ge(Li) detectors are 1i§ted in‘Taﬁle 3..
Table 3. Ge(Li) detector specifications |

- - - - - D D D . - D - D P D D - . S e G D WS D S R > WS D > s = A -

Detector Active Resolution Efficiency Peak/Compton

Geometry Volume - @ Energy for 1332-kev
(cm3) (keV) ' ' Gamma Ray

true 57.3 2.7 11.8% 34/1
coaxial @ 1332

true 58.2 2.7 9.0% 28/1
coaxial : @ 1332

planar 1.0 0.750 . N. 7. N. B,

2 122
»planar 1.0 0.“50 ’ N.A. N.A.
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Figure 8. SKEWGAUS fit of 253-keV multiplet
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D. Electfonic Systems used fpr.Data Accunulation

A block diagram of the electronic circuit used to accu-
mulate the gamma-ray singles spectra 1is shbwn in Figure 9.
This arrangement by itself was used on1y>for the initial scan
of the 93 mass chain. 1In all later experiments +he singles
data were accumulated in ¢onjunction with gamma-gamma coinci-

dence experiments. The secticn of the circuit responsible

- for simultaneous singles data accumulation was, however, un-

changed'froﬁ that presented in Figure 9. The discussion of
this circuit will therefore pertain to both of these cases.
The detector chosen for singles studies was one of the
60-cm3 detectors, or one of the 1-cm3 LEPS detectors, depend-
ing cn the energy region of interest. The linear amplifier
wés either an Or*tec U452 or a'Tennelec TC 203BLR. Both have
internally cémpensated differentiation and integration time
constants, base line restoraticn, and adjustable pole-zero
cancellation. 1In the case of the Ortec (Tennelec) amplifier
the DC bipolar output was used with a three microsecond (four
microsecond) time constant. In all cases the amplifier was
DC coupled to a Geoscience 8050 ADC having an 8K conversion
capacity. Pile-up rejecticn for high counting rates was also
handled by the Geoscience ADC. For all eicépt the last 93Kr
LEPS study the signals were rrocessed by a Technical Measure-
ment Corporation 16K analyzer having a single channel capaéi-

ty of 105 counts. A Geoscience Nuclear 5010 UK analyzer
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having a'siﬁgle channel capacity of 220 counts was used in
the'special case mentioned above. As the number 6f counts in
the most likely channel approached overflow the analyzer was
stopped and the contents‘of the memprf vere destructively re-
- corded on a seven-track tape. A Hewlett-Packard Taée Uni£
(Modei 2020) recorded'thé mémory output for the TMC analyzer.
The memory content of the Geoscience analyzer was recorded

by means of a Peripheral Equipment Corporation Tape Unit
(odel 6860-75). |

Since thelactivity available from the mass 93 chain is
rather lqw, a circuit such as that shown in Figure 10 was‘
‘used for almost all of the gamma-gamma coincidence experi-
ments., This arrangement made it possible to collect singleé
and coincidence information simultaneously. Normally each of
" these experiments would require about six to seven days of
data accumulation time so that performing them together was
extremely time-saving.

Two Ge (Li) detectors separated by approximately four cm
were positioned in 1809 gecmetry for all coincidence studies.
For the 93Kr, 93Rb, and 93Sr studies, two 60-cm3 Ge(Li) de-
tectors were employed to observe coincidence events. Due to
the complexity of the low energy gamma-ray spectrum for the
93Kr decay, an addi£ional coincidence study was made using a
6§-cm3 Ge (Li) detector and a 1-cm3 Ge(Li) LEPS detector.
Listed in Table 4 is the equipment used in the coincidence

portion of the circuit.
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DETECTOR B

coincidence circuit
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TAPE
OUTPUT
Figure 10. Block diagram of simultaneous singles and
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Table 4., Equipment utilized for gamma-gamma coincidence
: studies '

Pfeamps: Ortec 117A(iEES)'and Ortec 120(6O-cm3)
Timing Filter Amplifiers: Ortec qsu:
Constant Fraction Timing Discriminators: Ortec 463
Delaysf Measured delay cables |
Time-to-Pulse-Height Converter: Ortec 437a
Single Channel Analyzer: Canberra 1430 |
Linear Amplifiers: Tennelec 203BLR
Delay Amplifiers: Mechtronics 506
ADC's: Geoscience 8050

A'coincidence évent is determined by the timing between
signals from the two detectors; The signals from one detec-
tor are used as a start signal for the time-to-pulse-height
converter (TPHC). The signals from the other detector are:
delayed by 63 ns and act as a stop signal for the TPHC. The
single channel analyzer then selects a region of pulse
heights (usually around 40 ns) which correspond to coinci-
dence eventé; Whenever the output of the TPHC falls within
this 40 ns "window" an outfput siqnal.of fixed amplitude gates
the ADCt!s to accept the twé original signals. A block dia-

gram of the coincidence timing circuit is shown in Figure 11,
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Figure 11. Block diagram of gamma-gamma coincidence
timing circuit
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The multiparameter Tape Buffer System storing the coin-
cidence information is composed of three main components, the
format selector, the 2 x 2K memory buffer and a Precisioﬁ In-
‘struﬁents Model PI 1200 incremental tape drive. The fermat
selécfor stores the coincidence infcrmation in the form of
pairs of channels corresponding to the two céincident gamma-
‘ray signals. These pairé are stored in the buffer memory
until 2K such buffers have been ohserved. At tﬁat time the;
"buffer® of 2K coincident Fairs are transferred to magnetic
tape. Later tﬁe spectrum of gamma rays in coincidence with
any gamma ray of interes; can ke obtained using the‘pfcgram
BUFFTAPE. The user selects -the upper and lower channels rep-
resenting the gating gahma-ray limits. The program‘then |
searches and records the spectrum defined by the 'second mem-
ber of all pairs whose first member falls in the incremént

definéd by these two channels,
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I1TI. DATA ANALYSIS

A. Addition of Shiffed Spectra

The relatively low coﬁnting rates‘observed Qith the a =
93 decay chain resulted in prolonged runs of six or seven
days. During this time it was difficult to maintain a con-
stant count rate and experimenfalAenvironment. As a reSult;
shifts in the gamma-ray‘spectrum peak'lpcations were
unavoidable. An optionlto the program DISKRITE was used to
correct for such gain shifts, 1Ir soﬁe cases,'largeAgain'
-shifts were noted during the collection of a single spectrum.
Because it is impossible tc¢ correct for such a shift these
spectra were discarded. Suéh.circumstances vere extremely
rare; however, and in all cases the.fine resolution afforded

by Ge(li) detectors was preserved.

B, Calculation of EnergiesAaﬁd Intensities

In order to identify the unkrnown peaks of the decay
being studied, three different'types of sbectra were exam-
ined. The first type was composed of gamma fays observed in
the decay of known calibraticn sources plus the "unknown"
source., The energies of these known calibration péaks were
used to calculate the energies of the more intense ﬁunknown"
peaks. Above 3.55 MeV, the highest energy calibration peak
available, the energies of the single- and double-escape

peaks were used to obtain the energy of the corresponding
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photopeak. In this way the energy calibration can be extend-
ed to the highest energy otserved peak. . y

Theﬁe previously-determined eneréies were then used as
an internal calibfatibn_in the second type of spectrum, that
of fhe "unknown" source alcne. Such specfra were taken in
order *o rémove the possibility of calibration peaks cbihcid-
ing with weaker "unknown" peaks. The thifd type of spectrum
consigted of background peaks alone. This baékground spec-
trum was used to eliminate any contahinant peaks whicH méy
‘have 5een present. The prcgram SKEWGAU§ was used to deter-
mine peak locations and areas as weil asltheir associated
errors. These locétions and areas were then converted tc en-

ergies and intensities by the program DRUDGE.

C. Determination cf'Coincidence Events

The determination of coincidence events was facilitated
by the use of the program EUFFTA?E. Tﬁo gatés were set for
2ach gamma ray whose coincident spectrum is desired. The
first gate included the gamma ray of interest. The second
gate inqluded channels above and below this peak with the
total number of channels equalling‘that of +he first gate.
This second gate was termed the "background" gate and wvas
used to eliminate tﬁe coincidences resulting from Comgpton-
scattered events of the same energy. Peaks having signifi—
cantly greater areas in the first gate were considered to be

"true" coincidences. The decisions concerning which feaks



a0
'have significant area differences were made either by visual

inspection or with the aid of the program BRUTAL.

D. Construction of Levél Schemes

The initial level scheme was built for each decay'bygat-
'tempting to place fﬁree'or’fcur of the most intense peaks.
Once the first few excited states were verified, further
levels were then constructed using available coincidence'in-
formation and energy sums;: Subsequent placeﬁent“of'gémmas |
can best be aCCOmpiished'through ﬁée of the program LVLSURCH.
The final decision on whether or not a level should'be kept
depénds on the number of gamma transitions feeding or depopu-
lating a level as weil as any possible or definite coinci-
dences. Defining the confidence index (CI) as the sum of
these respective occurrences'the followingAexpressioh re-
sults:

CI = nY + 2nc +‘npc

The requirement for keeping a‘level is then expressed simply
by stating that tﬁe confidence iﬁdex must ‘be equal to or

 greater than a certain value. In this work, this value has

been chosen tc be four,

E. Beta Branchings and Logft Values
Following the placemesnt of all possible gamma transi-
tions the internal conversion coefficients (ICC's) for each

transition were calculated with the program TICC. The multi-
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pole order of each transition should, in principle, be known,
but,lin most cases this information does.not exist. If.this
is the case the.calculation was performed assuming the tran-
sition is 50% E2 plus 50% M1. 0ver a rathe: large energy
range, this.assumption is accgptable, since the two muitipo-
larities exhibit nearly eqpal:conversion coeffiéients._ Also,
in some instances experimentally measured ICC's may be avail-
able in which case these values'can be substitutéd for the
calculated coefficients. The actual transition intensity is
then (1+a) I, where I_ is the measured gamma inténsity. This
information was required as input to the program LEAF which
wés used to find the per cent beta branchin§ tc each level,
given the amount of ground-state beta feeding. For the 93Kr
and 93Rb decays the per cent delayed neutron branching must
also be used to correct these branching percentages if they
are to he expressed in absolute terms (per 100.decays). The
logft values for the observed beta feeding were then deter-
mined by means of the program LOGFT, making use of the output

from LEAF and the known Q-value for the decay.

F. Assignment of Spins and Parities
Spin and parity assignments were made, whenever possi-»
ble, on the basis of deduced 1lcgft values and observed gamma-
ray transitions., The rules for assignments based on deduced
logft values have heen *aken from a survey article by Kaman

and Gove (43)., A summary of these is presented in Table 5.
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Table 5. Rules for'spin ard parity assignments based on
logft values

logft "Spin Changev Parity Change

Values R .
Z < 80 , : o
Logft < 5.9 : J = 0,1 : No
Z > 80 4
Logft < 5.1 J = 0,1 No
Logf ,t < 8.5 . Jd = 0,1 Yes or No
Logft < 11.0 | J=0,1 Yes or No

J =2 -Yes

Logf: < 12.8 J=0,1,2 Yes or No

L e . - wn - s A e D an R WS =P S S M Sk WS A A e W U AR TR e G P AR S GR GE e S n S AR TS b W - A e -

Iﬁ section I.B, the~statements concerning relative in-
tensities of transitions of different multipocle order‘were
direct results of the theory of electromagnetic radiation.
In practice it is feund that transitions are hindered by ad-
ditional selection rules or enhaneed by collective de-
excitations., 1 compiiation of experimentally determined
hindrance and enhancement factors has been published by Gove
(44) . The resul*ting compilation is summarized in Table 6.

It can be argued, on the basis of Gove's observations, that.
it is sufficient in virtually all cases (excluding known iso-
meric transitions) to limit transition multipolarities to E1,

M1 or E2. E2 and M1 transitions will often compete because,
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as noted, the M1's are often hindered while the E2's are usu-

ally enhanced.

Table 6. Rules for spin and parity a551gnments based on'
‘ gamma-ray tran51tlors.

Parity Changing: All observed E1 transitions emitted in the
decay of bound nuclear states are hindered by a factor of 100
or. more. These hindrance factors cover a wide range from 102
to 108 or more. Most M2 transitions are hindered by a factor.
between 2 and 5 x 103, Hence, an M2 gamma ray hindered by a
factor of .10 can compete with an E1 hindered by 109, E3
hindrance factors cluster around 100 but some enhanca=d E3's
are known, M4 gamma rays are very near single-particle esti-
mates except for the special cases of 110Ag and 182Ta,

Parity Nonchanging: M1 transitions are hindered by a factor
that is usually near 100. In contrast, the majority of E2
transitions are enhanced, although an appreciable number are
hindered. M3 transitions are both hindered and enhanced so
that no definite statements can be made about such transi-
tions, :

- - - - = - - WD - S wn -y U D WD D R - - - - - D D - —— - -
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IV. EXPERIMENTAL RESULTS

The experihental results reported in this work are coh-
tained almost entirely in the tables and fidures of this sec-
tion. In the figures ceﬁ+aining t he obserVed gamma-ray spec-
tra several intense peaks have been 1abelled accordlng to en-
ergy. A perusal of the tables of observed c01nc1dence= indi-
cates that, in most cases, coincidences are verified by gates
on both coincident gammas, If a coincidence was only weakly
present in a-single gate it was'termed'a "possible" coinci-
dence and denoted by an open circle in the decay scheme. The
definite coincidences have been symbollzed by a filled cir-

'cle.

A. Decay of 93s5r

An enhanced gamma-ray spectrum fcr'the 93Sr decay isv
sﬁown ia Fiqgure 12. The 162 photopeaks observed in this
spectrum are listed in.Table 7. A ground-state beta feedlng
of 0% was adopted fos this decay based on an earlier study by
Bakhru and Mukherjee (25). In that study Bakhru and
Mukherjee deduced from direct‘beta spectrum measurement tha+:
the ground state of 93Y is not appreciably fed in beta decay.
Included in *the list of gamma-rays are several multiplets at
energies of 167-169, 482-484, 590-594-596, 696-692, 717-718,
1266-1269, 1332-1334, 1978-1981, and 298u4-2986 kev-whica had

previously been reported tc be single gamma rays. There are
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Table 7. Gamma rays observed in the decay of 93Sr.

- T A U D D > - - WP W T - WD An S D D D WS R AP W WS WS WP AT WD DA WS D D W - e

Energy Relative Intensity Assighmeht
(keV) - Intensity? per 100 (keV)
. Beta Decays?

166.57 + 0.27 9.20 + 2.38 0.61 2821 -=> 2654
168.69 + 0.05 270.59 £ 15.14 17.99 759 --> 590
260.12 + 0.05 109.48 + 5.76 7.28 " 1136 --> 876
285.65 + 0,07 . 4,04 ¢+ 0,28 ' 0.27 876 --> 590
332.04 + 0.07 519 ¢+ 0.35 0.35 2688 --> 2356
342,88 + 0.37 1.10 £+ 0.37 0.07 2886 -=> 2544
346.49 ¢ 0.05 48.21 £ 2.53 3.217 1647 --> 1301
377.36 ¢+ 0,06 21.75 ¢+ 1.37 1. 45 1136 --> 759
406.71 + 0.10 6.32 £ 0.56 0.42 1543 --> 1136
424,70 £ 0.13 3.78 £+ 0.47 0.25 1301 --> 876
428,03 + 0.21 2,22 + 0.43 0.15 2784 --> 2356
432.67 £ 0.06 21.78 £ 1.29 1.45 ‘1309 --> 876
440.80 + 0. 18 2.94 £ 0.56 0,20 2570 --> 2129
4ue.20 + 0.06 34,72 £ 1.86 2. 31 2094 -=-> 1647
481,96 + 0.10 16.7C ¢+ 1.49 1. 11 2575 =-=> 2094
483.73 + 0.08 24.46 + 1.76 1.63 2575 --=> 2091
486.74 + 0. U4 1.83 £+ 0.66 0.12 2544 --> 2057
518.50 + 0. 15 .94 + 0.26 0.13 2575 --> 2057
541.89 + 0.06 10.73 + 0.63 0.71 1301 --> 759
545.81 + 0.07 5.77 ¢+ 0.40 0.38 1136 --> 590
559.92 + 0.08 3.00 £+ 0.28 0.20 1695 --> 1136
571.96 t 0.16 3.07 £+ O.u4u4 0.20 3116 --> 2544
586.47 + 0,42 6.56 + 2.34 O.u44 2129 --> 1543
590.28 £+ 0.05 1000.00 £ 54.51 66.50 590 --> 0
593.81 + 0.18 16.37 £+ 2.08 1.09 2688 --> 2094
596.15 ¢+ 0.13 19.58 + 2.18 . 1.30 2688 --> 2091
610.93 ¢+ 0,06 15.96 + 0,97 1.06 1912 --> 1301
630.97 ¢ 0.16 2.85 £ 0.36 0.19 2688 --> 2057
633.52 + 0,28 1.57 £+ 0.34 0.10 1911 --> 1278
650.56 t 0.15 2.76 £+ 0.34 0,18 1787 --> 1136
658,56 + 0. 11 6.24 + 0.59 0.42 2570 --> 1912
663.58 + 0.06 24,20 £+ 1.41 1.61 2575 +--> 1912

1Measured relative to the 590.3-keV transition (Iy = 1000).

2Calculated from relative intensities using the factor
0.0665 on the basis of the decay scheme proposed and assuming
0% beta branching to the grcund state of 93Y,
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Table 7. (Continued)

Enerqgy Relative Intensity Assignment
(keV) Intensity? per 100 (kev)
Beta Decays?

S e - - - — D m e - - S S P D e WD WD R D NS G WS G P WP R TP YD G WP A G P WP W S G A WD AR D G WS WD G A w

0.11 9.80 0.91 0.65 1278 --> 590

687.79 + +

690.06 + 0.12 14,88 + 1.18 0.99 2784 --> 2094
692,00 ¢+ 0.35 3.28 + 0.94 0.22 2784 --> 2091
710,40 + 0.05 320,17 ¢+ 16.76 21.29 1301 --> 590
-716.79 + 0.54 . 4,32 + 2.34 ° 0.29 1853 --> 1136
718.33 ¢ 0.12 21.71 £+ 2.67 1. 44 1309 --> 590
764.77 + 0.52 o.44 + 0.17 0.03 - 2821 -=-> 2057
771,19 ¢t 0,06 17,07 ¢+ 1.01 1.14 1647 --> 876
776.07 + 0.13 3.90 + 0.40 0.26 1912 --=> 1136
782.83 + 0.15 3.15 + 0.35 0.21 2091 --> 1309
785,45 ¢+ 0,42 1.13 £+ 0.31 0,08 2094 --> 1309
788.68 + 0,08 11.30 ¢+ 0.69 0.75 2575 --> 1787
791.10 + 0. 14 3.80 + 0.u0 0.25 2091 --> 1301
795.29 + 0.12 3.44 + 0.34 - 0.23 2886 =--> 2091
831.30 + 0.47 0.73 + 0.30 :

834,89 + 0.05 24,62 + 1.28 1. 64 2688 --> 18¢%3
837.85 + 0,19 1.73 £+ 0.24 A _
858.47 + 0.07 10.67 + 0.68 0.71 2770 -=> 1912
875.73 ¢ 0.06 359.88 + 19.59 23.93 876 --> 0
888,13 + 0.05 325.11 ¢+ 17.29 21.61 1647 -=> 759
900.98 + 0.07 10.16 + 0.64 0.68 2688 --> 1787
.910,.18 + 0.08 12.09 £+ 0.74 - 0.80 1787 --> 876
922,70 + 0. 11 4.88 + 0.45 0.32 2570 --> 1647
927.69 + 0.08 9.40 + 0.68 0.63 2575 --> 16u7
930.91 ¢+ 0.10 6.05 + 0.54 . 0.40 2784 --> 18€¢3
952.58 + 0.23 1.65 £+ 0.31 0,11 1543 =-=> 590
991,59 ¢ 0.21 1.84 ¢+ 0.28 0.12 2778 --> 1787
1032.40 + 0,47 .53 + 0,48 0,10 2575 --> 1543
1035.52 + 0.26 3.04 + 0.53 0.20 1912 --> 876
1040.63 + 0.06 46.81 + 2.58 3.11 2688 --> 1647
1046.42 + 0.46 1.43 ¢+ 0.45 0.10 3825 --> 2778
1050.61 ¢+ 0, 33 0.50 + 0.21 0.03 3871 --> 2821
1055.13 ¢+ 0. 11 5.08 + 0.37 0.34 2356 --> 1301
1064,.37 + 0.09 5.49 + 0.41 0.37 2365 --> 1301
1077.86 £ 0.16 3.53 + 0.39 0,23 23%6 --> 1278
1094.00 + 0.07 25.90 + 1.50 1.72 1853 -=> 759
1104.69 + 0.23 2.15 ¢+ 0.36 0.1 1695 --> 590
1117.10 + 0.70 0.98 ¢+ 0,40 0.07 3895 --> 2778
1122.48 + 0.06 59.27 + 3.12 . 3,94 2770 -=> 1647
1136,77 ¢+ 0.20 2.91 £+ 0.31 0419 2784 --> 1647
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.Table 7. (Continued)

Energy Relative Intensity  Assignment
(keV) ~ Intensity!? per 100 " (keV)
Beta Decays?

-, > o - > WS D P WP AP P S WS WP G D WD G WL D WS Eh WD GD wn P WP A T Gh WP GR AR WD WE wn En e wn OD W n ER Eh R W AL AR R e D G W

1180.76 + 0.17 3.59 + 0.u42 0.2u4 2057 --> 876"
1196.23 t 0.06 .49 £ 0.79 -0.96 1787 --> 590
1200.48 + 0.74 . 0.38 £+ 0.17

1215.48 + 0,07 36.74 + 2.00 2.u44 2091 --> 876
1239,15 + 0,25 1.85 + 0,39 0.12 - 2886 =--> 1647
1243,41 + 0.08 11.83 ¢+ 0.72 0.79 2544 --> 1301
1249,.22 + 0. 71 1.07 £+ 0.37 0,07 3825 --> 2575
1261.,30 + 0.61 1.16 + 0.46 0.08 2570 --> 1309
1266.38 + 0.10 16.35 + 1.18 1.09 2575 -->- 1309
1269.47 + 0.07 105.30 + 5.46. 7.00 2570 --> 1301
1277.99 ¢ 0.09 12.83 ¢+ 0.88 0.85 1278 --> 0
1308,60 + 0.09 5.87 + 0.38 0.39 1309 --> 0
1321.24 + 0,07 38.40 + 2.00 . 2,55 1912 --> 590
1324.81 + 0.69 0.76 + 0.30 0.05 3895 -=> 2570
1329.63 + 0.32 1.01 £+ 0.20 0.07 3116 --> 1787
1332.50 + 0.50 7.40 £ 3.70 © 0.u49 2091 --> 759
1334.50 ¢+ 0.10 9.98 + 0.74 0.66 2094 --> 759
1378.98 + 0. 10 5.22 £+ 0.36 0.35 2688 --> 1309
1387.11 + 0.07 51.11 £+ 2.61 3.40 2688 --> 1301
1434,01 ¢+ 0.08 13.34 + 0.76 0.89 2570 --> 1136
1438,93 + 0,09 7.42 + 0.47 0.49 2575 --> 1136
1466.17 + 0. 31 .47 + 0.26 0.10 2057 --> 590
1469,.50 + 0,12 7.73 + 0.52 0.51 2770 --> 1301
1483,34 + 0.30 1.53 + 0.26 0.10 2784 --> 1301
1492.,13 + 0.12 8.08 + 0.53 . 0.54 2770 --> 1278
1506.49 + 0.55 071 £ 0.23 0.05 3871 --> 2365
1511,77 %+ 0. 41 0.81 + 0.20 0.05 2821 --> 1309
1520.05 + 0.54 4,72 + 0.95 - 0.31 2821 --> 1301
1538,71 + 0.25 1.51 + 0.28 0.10 2129 -=> 590
1543.43 + 0.56 0.60 + 0.22 0.04 1543 -=> 0
1551.59 + 0.09 ~ 14.97 + 0.91 1.00 2688 --> 1136
1609.77 + 0.20 2.89 + 0.28 0.19 4264 --> 2654
1634,05 ¢+ 0.08 21.30 £ 1.22 1.42 2770 -=-> 1136
1641.97 + 0.61 0.64 + 0.21 0,04 2778 --> 1136
1647.53 ¢+ 0.08 13.11 ¢t 0.76 0.87 2784 --> 1136
1652.,20 ¢+ 0.71 0.52 £+ 0.20 ‘

1668.68 t+ 0.5Uu 2.39 ¢+ 1.32 0.16 2544 --> 876
1684.84 + 0,13 10.50 + 0.8u 0.70 2821 --> 1136
1694,07 ¢+ 0.09  38.05 + 2.08 2.53 2570 --> 876
1699.06 + 0.09 49.04 + 2.62 3. 26 2575 --> 876
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Table 7. - (Continued)

Energy Relative ’ Intensity 'Assignment
(keV) Intensity! per 100 - (keV)
Beta Decays?

- - — - - L - D S D R D D T G W W D TS S - D D S D em e D D W . D b - - -

1706.59 + 0.10 - 16.27 ¢+ 1.00 1.08 3007 --> 1301
1742.13 + 0.38 1.28 £+ 0.23 0.08 3871 -=> 2129
1765.36 + 0.09 15.72 ¢+~ 0.82 1.04 2356 --> 590
1774,83 £ 0,16 2.38 t 0.27 0.16 2365 --> 590
1786.56 + 0,28 1.16 + 0.18

1811.45 + 0.10 2073 £ 1.16 1.38 2688 --> 876
1816.12 + 0. 19 3.45 ¢+ 0.38 0,23 2575 --> 759
1894.10 ¢+ 0.27 1.78 £+ 0.26 0.12 2770 --> 876
1899.46 + 1,04 0.52 + 0.19 - 0.03 4264 --> 2365
1907.73 + 0.23 2.59 ¢+ 0.31 0.17 2784 --> 876
1928.79 ¢+ 0.10 17.19 + 0.95 1.4 2688 --> 759
1935.64 t 0.73 0.50 £+ 0.17

1944.75 £ 0.12 8.23 ¢+ 0.58 - 0455 2821 --> 876
1952,40 + 0.33 1.46 £ 0.25

1972.15 + 0.68 0.49 + 0.18 0.03 3825 --> 1853
1978.15 + 0,93 0.39 + 0.18

1981.41 + 0,83 0.54 ¢ 0.20 0.04 3116 --> 1136
1984.85 + 0.32 1.20 £+ 0.19 0.08. 2575 --> 590
2010.80 t 0.25 1.79 £+ 0.25 0.12 2886 --> 876
2054,.68 + 0.25 2.05 £ 0.27

2063.64 £ 0,12 9.25 + 0.57 . 0.62 2654 --> 590
2076.55 + 0.69 0.88 ¢+ 0.24

2094.,06 t 0.57 1.08 + 0.31

2104.78 + 0.15 4,61 £+ 0.35 »
2108.63 t 0.37 1.30 £+ 0.23 0.09 3895 --> 1787
2129.24 + 0.52 .51 £ 0.47 0.10 2129 =-=> 0
2172.02 + 0,35 .05 ¢+ 0.19 0.07 4264 --> 2091
2179.49 + 0,20 4,31 ¢+ 0.60 0.29 2770 --> 590
2203.47 £ 0.70 1.26 £+ 0.33 '

2222.03 t 0.84 0.64 t 0.26 : :
2230.27 £ 0.12 22.84 £+ 1,33 1.52 2821 --> 590
2296.13 £ 0. 14 10.92 £+ 0.72 0.73 2886 --> 590
2364.72 £ 0. 11 23.22 £+ 1.31 1.54 2365 =-=> 0
2416.33 + 0.33 1.60 £+ 0.29 0.11 3007 --> 590
2472.73 ¢ 0. 31 .12 £ 0.15 0.07 4120 --> 1647
2543.84 + 0.11 44.52 + 2.36 2.96 2544 --> 0
2574.20 + 0.27 1.87 £+ 0.29 0.12 2575 --> 0
2585.,90 + 0.62 0.40 £ 0.12 0.03 3895 --> 1309
2614.68 + 0.27 1.32 £ 0.17

2688.65 t 0.12 31.32 £ 1.82 2,08 . 2688 -=-> 0
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Table 7. (Continued)
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Energy Relative Intensity. Assignment
(keV) Intensity? - per 100 (kev)
Beta Decays?

2765.32 £ 0,62 0.61 ¢

2781.62 ¢+ 0,37 0.76 £+ 0.11 .

2811.34 + 0.67 -0.31 £ 0.07 0.02 4120 --> 1309
2828.54 ¢+ 0.20 2.52 + 0.25

2983.52 ¢+ 0.42 -0.66 £ 0.21 - 0.,04 © 4120 --> 1136
2985,72 ¢ 0.21 - 2.92. ¢ 0.37 . 0.19 4264 --> 1278
2995.73 ¢+ 0.64 0.29 + 0.07 0.02 3871 --> 876
3006.86 + 0.22 1.73 £ 0.17 - 0.12 . 3007 --> -0
3116, 64 + + 0.13 0.07 3116 --> 0
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valso approximately 80 gamma*réys which are repﬁtted here but
not in any previous studies of this decay. All except one of
these gamma rays has an intensity 1less than 10.0 and as a re-
sult werz probably too weak to have been obsérved elsewhere,
The gamma ray with an intensity greater than 10.0 was also
observed in the coincidence spectra reported in this wcrk.
All energies are in agreement with at least one of the previ-
ous Ge(Li) detector studies cf this nuclide for which energy
uncertaipties are quoted (26,28). RelatiVe intensities and .
tfansition assignments (for those gamma rays placed in the
level scheme) are also provided in Table 7. A comparison of
intensities obtained in this work and those in previous stud-
ies for all gamma<réys having an intensity greater than 25 is
maae in Table 8, In general the intensities_agree_to within
quoted uncertainties. Although 19 gamma rays are not placed
in the level scheme, these gamma rays represent less than 1%
of the observed gamma intensity.

Ten gamma rays previouély reported only by Achterberg,
et al. (28) were not observed in this study. However three
of these gamma rays could not be placed in the level schenme
proposed in that reference and four other gamma rays were
used to define two new levels. Another gamma ray resulted
from the reported resoluticn of a doublet at 1215 kev. 1In
+his work only one gamma ray was evidept at this.energy and

its intensity was consistent with a single placement in coin-
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Table 8. Comparison of intensities with other 93Sr studies.

S S . D D e ) S D S W S s WP R WS WS D WD N D S S W D G D s G A AR W D A WS R D D D D D S ew - - e w - -

Energy This Achterberg Herzog and Cavallinit

Work et al. (31) Grimm (26) . et al. (22)
168.692 271 ¢ 15 270 £+ 30 254 + 6U . 340
260,12 109 + 6 105 ¢+ 6 102 + 10 - 130
- 346,49 48 + 3 46 + 3 40 + 5 6C
446,20 35+ 2 32 + 4 . 29 + 3 - 40
590.28 . 1000 £ S5 1000 + 60 1000 + 81 1000
710,40 320 £ 17 290 + 30 315 £ 25 310
875.73 360 + 20 345 ¢+ 30 358 &+ 29 350
888.13 325 ¢+ 17 335 + 30 331 + 27 310
1040.63 47 + 3 41 + 3 49 + 4 60
©1094.00 26 + 2 29 + 3 28 £+ 3 20
1122,483 59 + 3 52 + 5 58 £+ 5 60
1215, u8% 37 £+ 2 35 ¢+ 16 39 + 4 40
1269,47 105 + 5 109 + 7. 111 £ 10 110
1321,.24 38+ 2 39 + 3 39+ 6 40
1387. 11 51 ¢+ 3 u5 ¢+ 5 41 + 8 .80
1694,07 38 ¢+ 2 34 ¢+ 2 41 + 4 40
1699.06 49 + 3 58 + 4 55 + 5 6C
2543, 84 s + 2 42 + 6 54 £+ 4 50
2688,.65 31 £ 2 31 £+ 3 37 £+ 3 30

- - D — - G -, D Gr AP WP D RS G an A - G D S - - — D D > G - - - -

1No intensity uncertainties were reported

2Intensities listed for the 168-keV gamma ray are not cor-
rected for internal conversion

3Herzog and Grimm placed this gamma ray in two places based:
on their coincidence information

4Achterberg, et al. reported this transition as a doublet
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cidence with the 875-kev gamma ray.. Coincidence information
also indicates that the 1122-keV gamma ray is definitely in
coincidence with tﬁe gamma ray at 875 keV. However no evi-
dence Qas seen to indicate its‘coinéidence with the 260-keV
gaﬁma ray. As a reéult it is not placed twice as in the
level scheme cffered by Herzcg and Grimm (26).

Rll 72 of the coincidence gates resulted in either pos-
sible or definite coincidence information which is presented
in Table 9., Based on this information it is pcssible to es-
tablish 28 of +he 36 levels present in the 93sr decay schene
proposed in this study. The remaining levels were estab-
lished entirely on the basis of energy sums., 144 gamma rays,
representing more than 99% of the gamma-ray intensity, were
placed in a level schenme coﬁprised of 57 levels. This level
scheme is presented in Figure 13.

B, Decay of 93Rb

The enhanced gamma-ray spectrum for the 93Rb‘décay ié
shown in Figure 14, 1In this spectrum 243 photopeaks were ob-
.served and are listed in Table 10. This table also includes
relative intensities for all the gamma rays and transitien
assignments for those gamma rays that havé been placed in the
final level scheme. The absolute intensities, expressed per
100 beta decays, are calculated using a groundestate beta
branching of 59 %+ 3% which has been adopted from the study

made by Achterberg, et - al. and a delayed neutron probability
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- Table 9, Coincidences observed in the decay of 93sr,

................. D TP e A = D D - - - AR WS S LD S A S A - e

Gate Definite Coincidences Possible Coincidences
(keV) (keV) ' (keV)

168, 7 590

260, 1 286, 560, 717, 776, 876, 332, 789, 835, 992
1434, 1439, 1552, 1634,
1648, 1685

285.6 260, 590

332.0 1765

346.5 590, 710, 1041, 1122 446, 482, 542, 876
377.4 1552, 1634, 1648 717, 1439, 1685
424,7 876 - | . 346
432.7 876, 1266 - 1379
446, 2 3u6, 482, 594, 690, 710, 286, 876
771, 888 ‘ ‘
482.0 446, 888, 1334 : 346, 710
483.7 876, 1215 791
541.9 346, 1269 1470

S45.8 590
559.9 260, 377

590,3 169, 286, 346, 4Uu6, 611, 260, 332, 789, 901,
664, 688, 710, 718, 858, 1036, 1266, 1466, 2416
1196, 1243, 1269, 1321,
1387, 1634, 1765, 2064,
2179, 2230, 2296

593.8 uué : 346, 710
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Table 9. (Continued)
Gate Definite Coincidences Possible Coincidences
(keV) (keV) (keV)
596, 2 876, 1215 1332
610.9 590, 664, 710, 858
663.6 260, 590, 611, 710, 1321 876
687.8 590, 1492
690. 1 446, 888 346
692.0 | 1215
710.4 346, 446, 482, 590, 611, 1041
664, 1055, 1243, 1269,
1387, 1470, 1520
716.8 260, 835, 876
718.3 590, 1266 1379
771.2 4u6, 876 1122
776.1 260
788.,7 590, 910, 1196 876
791.1 590, 710 48
795.3 876, 1215
834.9 260, 876, 1094 377, 717
858.5 590, 611, 1321
875.7 260, 425, 433, ue&4, 717, 446, 594, 690,
771, 795, 910, 1122, 789, 835, 1434,
1215, 1552, 1634, 16u8, 1439, 1685
1669, 1694, 1699, 1811,

1908,

1945
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Table 9. (Continued)
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Gate Definite Coincidences Possible Coincidences
(keV) (keV) (keV)
888.1 446, 482, 690, 1041, 1239
1122 ‘

901.0 590, 910, 1196

910, 2 789, 876, 901

922.7 ' 888
927.7 . 771, 888
930.9 1094

952. 6 590

1040.6 346, 710, 888

1064, 4 590, 710

1094.0 835, 931

1122.5 346, 771, 8?6, 888 . 572;'590
1196.2 590, 789, 901

1215.5 484, 596, 692, 795, 876

1239.2 ' 888
1243, 4 590, 710

1266.4 433, 590, 876 718
1269.5 590, 710 542
1278.0 1492

1321.2 590, 66u, 858

1387.1 590, 710 : 542
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Table 9. (Continued)

Gate Definite Coincidences - Possible Coincidences
(keV) ' (keV) o _ (keV)

1434,0 260, 377, 876

1438.9 260, 377 , S 876

1469.5 590, 710 . s42
1492.1 590, 688 1278
1520. 1 590, 710

1551. 6 260, 377

1634.0 260, 377, 876 590

1647.5 260, 377 | | 590, 876"

1668.7 - 876
1684.8 260, 377 | 876

1694, 1 876

1699.1 876

1765. 4 332, 590

1774.8 | A © 590
1811.5 876

1944,7 876

2063.6 590

2230.3 590

2296.1 590

- D AP G S D WD D G D e P, S L D D A D o = S S D D W . S D wm e W, W W - A R W WE o w e we -
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Figure 13. 93Y level scheme
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Figure 14. Gamma-ray spectrum for the decay of °3Rb
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Table 10, Gamma raysAobserved in the decay of 93Rb.

Energy A Relative Intensity Assignment
(keV) Intensity? per 100 (kev)
: Beta Decays?

- - - . TR WP E D L W TP D, W A D EP S M G R D A W e D -y G D R W D G WS D e WD P AR WS ae W e W T

163.40 + 0.28 6.57 + 1.46 . 0.08 2456 --> 2293
205.21 + 0.55 6.26 + 3.18 0.08 4714 --> 4509
213,39 ¢ 0.05 383.83 + 21.89 4.69 213 --> 0
219.16 + 0.06 158,05 + 9.41 1,93 433 --> 213
351.74 + 0.11 3.77 £+ 0.37 0.05 3955 =-> 3603
404.99 + 0.18  3.11 + 0.47 0.04 S
'432.51 + 0.05 1000.00 ¢+ 52.71 12,22 433 ==> 0
473.83 t 0.56 1.56 + 0.72 0.02 4097 --> 3623
595.87 + 0.13 12.68 + 1.68 0.15 2869 --> 2273
602.56 + 0.39 2.88 + 0.86 0,04 4620 --> 4017
610.07 + 0.43 - 10.06 + 1.83 0.12° 3867 =--> 3256
661.64 + 0.11 16.40 + 2.80 0.20 4509 --> 3848
709.95 + 0.05 3C8.00 + 22.34 3.76 1142 -=> 433
721.99 t+ 0.17 2.87 & 0.37 0.0 3955 --> 3233
768.36 + 0.23 6.60 £ 1.08 0.08 1911 ==> 1142
776.35 + 0,43 3.03 ¢+ 0.95 0,04 3233 ~-> 2456
793.65 ¢+ 0.06 61.53 + 3,32 0.75 1780 --> 986
822.41 ¢ 0,22 9.72 + 1.71 0.12 1808 --> 986
831.18 + 0.32 3.62 ¢+ 0.84 0.04 4620 --> 3789
859.05 + 0. 18 4,78 + 0.61 ©0.06 6273 --> 5414
867.74 + 0.16 4.18 £+ 0,47 0.05 = 3848 --> 2980
901.08 + 0.18 6.32 + 0.84 0,08 . 2771 -=> 1870
905,64 + 0.28 3.83 ¢+ 0.79 0.05 2054 -=> 1148
910.91 + 0.14 8.16 + 0.88 0.10 4714 --> 3804
929,04 + 0.09 24,40 + 1.66 0.30 1142 --> 213
934,70 + 0,10 18,45 + 1.39 0.23 1148 -=> 213
981,14 + 0.34 7.54 £+ 1.65 0.09 5601 -=> 4620
986.05 + 0.06 391.01 + 19.84 4,78 986 ==> = 0
990.86 + 0.27 6.53 t 1.27 0.08 2771 -=> 1780
1035.07 + 0.51 3.84 + 1.21 0.05 2273 --> 1238
1054.68 + 0,31 3,42 & 0.71 0.04 2293 --> 1238
1059.36 + 0.30 3.69 + 0.72 0.05 2045 --> 986

1Measured relative to the 432.,5-keV transition (Iy = 1000).

2Calculated from relative intensities using the factor
0.0125 based on the decay scheme proposed with 59% beta
branching to the ground state of 93Sr and a delayed neutron
probability of 1.65%.
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Table 10. (Continued)

- A W D En W A T P r S WD WD e WS A WD . D D WD WP YE AP G WP AR G D G W an e R A WS G D WD WP WS D WS W WP W G - -

Energy Relative Intensity Assignment
(keV) Intensity? per 100 (keV)
- Beta Decays?

- - e ., D G WD WP i . W W Y- WP W S E . D R W W e W R e W s s WS WD WD R TR s WD AL WY mh E GP W WD WD D WD DA W R WD W - -

1068.51 £+ 0. 11 35,35 + - 2.89 0.43 3955 --> 2886
1077.60 + 0.17 2.59 + 0.30 - 0.03 5012 --> 3934
1096.71 £+ 0.09 22.98 £+ 1.45 ' 0.28 1529 --> 433
1100.63 + 0.12 10.36 £+ 0.91 0.13 4991 --> 3891
1115,77 ¢+ 0.22 S.44 + 0.77 0.07 3233 ==> 2117
1120.03 £ 0. 44 4,19 + 1.23 0.05 3891 --> 2771
1130.12 ¢ 0.16 10,97 ¢+ 1.19 0.13- 2273 -=> 1142
1138.,02 + 0.31 11.58 ¢+ 1.75 0.4 4336 --> 3198
1142,58 £ 0.12 18.14 + 1,46 0.22 1142 =-=> 0
1148.18 + 0.08 88.06 + 4.94 1.08 1148 --> 0
1150.38 ¢+ 0.13 26,72 + 2.44 0.33 2293 -=> 1142
1164,.36 + 0.25 5.16 . 0.77 0.06 3623 --> 2460
1167.09 £ 0.47 2.57 ¢+ 0.73 0.03 3623 -=> 2456
1202,39 + 0.74 2,71 £+ 1.20 0.03 4991 --> 3789
1204.93 + 0.74 2,87 ¢+ 1.18 0.04 U461 --> 3256
1208.55 ¢+ 0.19 8.94 + 1.07 0.11 5012 --> 3804
1222.74 ¢ 0.38 3.96 + 0.94 0.05 5012 --> 3789
1238.30 + 0.08 €4.58 + U4.54 1,03 1238 -=> 0
- 1283.99 + 0. 41 8.63 + 2.02 0.11 3603 --> 2319
1286.97 + 0.54 6.40 £ 1.98 0.08 2273 -=> 986
1306.92 ¢+ 0.19 6.64 + 0.77 0.08 2293 --> 986
1315.64 ¢ 0.10 21.74 + 1.48 0,27 2554 --> 1238
1332.97 + 0.08 60.83 + 6.09 0.74 2319 --> 986
1349,.67 ¢ 0. 21 8.11 ¢+ 1.04 0.10 1563 --> 213
1359.92 ¢ 0.16 11.78 £+ 1.14 0.14 6273 --> 4912
1365.36 ¢+ 0.11 18.71 + 1.37 0.23 2351 -=-> 986
1385.21 ¢+ 0.08 328.18 + 16.83 4,01 1385 --> 0
1388,.,66 + 0.58 12.63 £ 2.55 - 0.15 2774 --> 1385
1397.71 + 0.50 3.30 £+ 0.94 0.0u 2782 --> 1385
1405.37 ¢+ 0.22 5,74 + 0.74 0.07 2554 --> 1148
1437,10 t 0.16 23.97 ¢+ 2.05 0.29 1870 --> U433
1439.58 + 0.54 5.22 ¢+ 1.69 0.06 5775 --> U336
1452.74 + 0.66 2.94 + 1.13 0.04 3233 --> 1780
1470.13 + 0.22 10.93 ¢+ 1.18 0.13 3789 --> 2319
1473,16 £+ 0.59 3.170 £ 1.00 0,04 2460 --> 986
1479.08 + 0.33 3.45 ¢ 0.67 0.0u4 2621 -=-> 1142
1483.96 + 0. 24 5.03 + 0.69 0.06 4038 --> 2554
1491.25 ¢ 0.24 6.95 + 0.95 0.08 6000 --> U509
1494,.85 ¢+ 0.15 13.16 £+ 1.13 0.16 3955 --> 2460
1501.18 ¢+ 0.12 19.99 + 1.34 0.24 2886 --> 1385
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Table 10. (Continued)

- - o - B - A S W P AP WS A WS W AR W e wE T En W P YD AD SR W WD e WP G W L S = - AR A W W WD n A P W S W wn w wow

Energy Relative Intensity Assignment
(kev) Intensity? . per 100 - (keV)
S Beta Decays?

0.14 13,60 1.10 0.17 5385 --> 3877

1507.77 = t

1515.,76 ¢+ 0.33 . 5.37 £+ 1.00 0.07 3867 --> 2351
1531.13 + 0.68 3.68 + 1.09 0.0u 3804 --> 2273
1533.83 ¢t 0.26 8.05 + 1.20 0.10 5631 --> 4097
1547.78 + 0.15 16.28 ¢+ 1.33 0.20 3867 --> 2319
1562.91 ¢+ 0. 11 57.64 t 3.50 - 0.70° 1563 -=> 0
1566.19 ¢ 0.91 . 3.40 £ 1.62 0.04 1780 --> 213
1574,71 + 0.22 7.13 + 0.84 0.09 3867 --> 2293
1578.02 + 0.27 B.78 ¢+ "1.17 0. 11 3623 --> 2045
1594.61 ¢+ 0.12 33.34 £ 2.12 0.41 2980 =--> 1385
1612.87 ¢ 0. 11 96.24 t+ 5.55 1.18 2045 --> 433
1635.20 ¢+ 0.15 21,54 £ 1.76 0.26 2621 --> 986
1662.16 + 0.15 20.98 + 1.72 0. 26 3955 --> 2293
1684,76 + 0.13 31.62 + 2.38 0.39 2117 --> 433
1690.88 + 0.66 3.54 ¢+ 1.20 0,04 4042 --> 2351
1726.28 £ 0.37 4,51 ¢+ 0.93 - 0.06 2869 --> 1142
1736.29 + 1.28 - 5.64 ¢+ 2.83 . 0,07 3877 --> 2141
1738.39 + 0.85 571 £+ 3.67 0.07 2886 --> 1148
1743.18 £ 0.52 6.37 £+ 1.81 . 0.08 - 3789 --> 2045
1745,72 ¢+ 0.52 6.87 + 1.78 0.08 4097 --> 2351
1749.61 ¢ 0.19 14.48 £+ 1.34 0.18 3867 --> 2117
1753.62 + 0.39 5.39 £+ 1.06 0.07 5601 --> 3848
1793.62 + 0.18 15.36 ¢+ " 1.43 0.19 3934 --> 2141
1803.55 + 0.30 13.68 + 1.97 0.17 4577 --> 2774
1808.50 + 0.10 160.54 + 8.36 1.96 1808 --> 0
1812.76 ¢+ 0.21 14.32 £ 1.59 A 0,18 3198 --> 1385
1821.86 ¢+ 0.13 33.02 + 2.16 0.u40 3867 --> 2045
1831,10 + 0.22" 11.85 ¢+ 1.38 - 0.14 3877 -=> 2045
1836.44 t 0.57 16.30 £ 10.10 0.20 2980 --> 1142
1838.02 + 0.41 26.68 + 9.83 0.33 4620 --> 2782
1841,63 + 0.65 - 4,74 + 1.43 0.06 3404 --> 1563
1869,69 ¢t 0. 11 109.21 £+ 5.83 1.33 1870 --> 0
1882.90 ¢ 0. 41 5.88 ¢+ 1.21 0.07 4620 --> 2737
1886.62 + 0.31 8.34 £ 1.25 0.10 2319 --> 433
1892.70 + 0.24 10.02 £ 1.21 0.12 3804 --> 1911
1900.94 + 0,12 26,45 + 1.67 0.32 3955 --> 2054
1908.05 ¢+ 0.56 5.58 + 1.79 0.07 5775 -=> 3867
1910.,72 ¢+ 0.12 66,44 + 3.85 0.81 1911 --> 0
1918.98 ¢+ 0.36 6.22 £+ 1.16 0.08 2351 --> U433
1927.64 £ 0.12 42.53 ¢

2.75 0.52 2141 --> 213
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Table 10. (Continued)

Energy Relative = 1Intensity Assignment
(keV) Intensity!? per 100 (keV)
: ' .Beta Decays?

1933.91 + 0.29 .84 £ 2.30 0.18 - 3804 --> 1870
1956.38 + 0.27 . 9.95 + 1.33 0.12" 3867 --> 1911
1978,28 + 0. 15 46,25 + 3.25 0.57 °~ 3848 --> 1870
1983,18 ¢+ 0.90 3.99 £+ 1.79 0.05 6000 --> 4017
1991.75 + 0. 26 9.64 + 1.27 0.12 5396 -=> 3404
1997.76 + 0.65 3.44 £ 1,11 - 0,04 3867 --> 1870
2023.89 + 0. uu4- 7.02 £+ 1.51 0.09 2456 --> 433
2026.88 + 0.25 . 13.31 ¢ 1.66 0.16 2460 --> 433
2037.,02 + 0.82 3.90 + 1.77 0.05
2043.82 + 0,17 17.51 £+ 1.39 0. 21 4912 --> 2869
2054,.06 + 0.12 77.19 £+ 4,21 0.94 2054 =--=> 0
2058,78 + 0,17 20.06 '+ 1.66 0.25 3867 --> 1808
2068.36 t 0,24 8.21 ¢+ 0.92 0.10 3877 --> 1808
2087.43 + 0.28 10.04 £ 1.35 0.12 3867 --> 1780
2147.63 + 0.30 ~16.64 £ 2.20 0.20 4017 --> 1870
2168.,24 + 0.14 25.23 + 1.80 0.31 4038 --> 1870
2170.36 + 1.62 2.84 + 2.75 0.03 4790 --> 2621
2206.21 ¢+ 0.30 10.36 £+ 1.45 0.13 6097 --> 3891
2229.44 + 0.12 S4.22 £+ 2.99 0.66 4038 --> 1808
2256,17 = 0,90 4.47 + 2.92 0.05 3404 --> 1148
2258.43 + 0.36 14,75 ¢ 2.70 0.18 4577 =-> 2319
2262.03 £ 0. 30 8.05 ¢+ 1.12 0.10 4o42 --> 1780
2270.20 ¢ 0.12 31.28 £+ 1.80 0.38 3256 --> 986"
2292.80 + 0.13 30.74 £+ 1.90 0.38 2293 -=> 0
2327.50 + 0.34 6.60 £+ 0.98 0.08 3891 --> 1563
2333.97 + 0.49 3.73 & 0.84 0.05 4790 --> 2456
2349,58 + 0.17 34.78 + 2.68 - 0.43 2782 --> U433
2359,45 + 0.16 18.65 + 1.29 0.23 4912 ~--> 2554
2376.,96 + 0. 33 7.78 £+ 1.18 0.10 6000 --> 3623
2386.,72 + 0.23 12.93 ¢+ 1.35 0.16 6277 --> 3891
2398.26 ¢+ 0.33 7.03 + 1.03 0.09 5631 --> 3233
2403.50 ¢+ 0.57 3.68 £+ 0.93 0.0u 3789 <-> 1385
218,22 ¢ 0,22 19.10 = 1,92 0.23 3404 --> 986
2451.67 £ 0.76 9.26 £+ 2.21 0.11
2454,97 £ 0,22 27.52 + 2.M 0.34 3603 --> 1148
2461.98 ¢+ 0.19 27.64 £+ 2.39 0.34 3848 --> 1385
2491.20 ¢ 0,22 22.61 + 2.28 0.28 3877 --> 1385
2505.20 + 0.15 46.62 £ 2.96 0.57 3891 --> 1385
2523,73 + 0. U6 13.87 £+ 5.46 0.17 2737 --> 213
t 0.22 15.41 £ 1.46 0.19 4461 --> 1911

2550, 06
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Table.10. (Continued)

G P e . P AT D D Wb b = W N WP W S G L WD WS WD WP GPAD AP W WP ED WS WS e WS WS O W e - - - - - -

- Energy ' Relative Intensity  Assignment
(keV) - Intensity? per 100 (kev)
Beta Decays?

- - - e P A W e D AP W R W TR D P G US wh e W s WD D P R Gk e WD WS SR D Gh W R S W P W AR W WD WD W W = e

2557.51 ¢+ 0. 39 7.11 &£ 1.23 0.09 2771 --> 213
2568,59 + 0.20 21.94 £+ 1.91 0.27 2782 --> 213
2602.38 £ 0,22 20,05 ¢+ 1.88 " 0.25 5385 --> 2782
2614,09 ¢+ 0.34 7.39 £+ 1.09 0.09 5385 --> 27N
2620.22 + 0.57 4.82 + 1.12 0.06 4912 --> 2293
2624,78 + 0.52 5.31 ¢ 1.13 " 0.06 5396 --> 2771
2638.06 + 0,36 16.05 + 2.12 0.20 3877 --> 1238
26U6.56 + 0.60 10,40 £+ 3.04 0.13 3789 --=> 1142
2652.62 + 0.22 17.85 £ 1.75 0.22 4461 --> 1808
2661.08 + 0.22 17.81 ¢+ 1.70 0,22 3804 --> 1142
2674,16 + 0, U4 6.08 £+ 1.16 0.07 6277 --> 3603
2704,97 £ 0.17 59,04 ¢+ 4.37 o 0.72 3848 --> 1142
2724.60 ¢ 0.2% 31.82 + 8.63 0. 39 3867 -=> 1142
2733.96 ¢ 0,95 3.4 £ 1.31 0.04 3877 --> 1142
2766.u48 + 0,17 22.93 ¢+ 1.70 0.28 2980 --> 213
2773.,17 £ 0. U1 6.97 £ 1.23 0.08 4336 --> 1563
2799.92 t 0.43 8.65 £+ 1.54 0.11 - 4038 --> 1238
2812,55 + 0.5u 6.23 + 1.39 0.08 3955 --> 1142
2861.34 + 0.15 63.60 £+ 3.87 0.78 3848 --> 986
2869,23 t+ 0.18 25.21 ¢+ 1.88 0. 31 2869 --> 0
2875,28 + 0.60 598 + 1.35 0.07 4017 --> 1142
2880.48 ¢+ 0.22 21.86 + 1.84 0.27 3867 --> 986
2886.26 + 0.27 18.97 ¢+ 1.95 0.23 2886 =-=> 0
2890.39 + 0.26 23.46 £+ 2.13 0.29 3877 --> 986
2903.58 ¢+ 0.27 12.88 + 1.49 0.16 6707 --> 3804
2954.93 + 0,24 25,70 £+ 2.70 0.31 4097 --> 1142
2958,11 ¢+ 0.56 9.29 £+ 2.42 0.11 5012 --> 2054
3027.58 £ 1.14 2.80 £+ 1.19 0.03 6261 --> 3233
3104,10 + 0,84 4.14 £ 1.41 0.05 4912 --> 1808
3113.85 t 0.24 21.42 + 1.99 0.26 6000 --> 2886
3129.22 ¢+ 0.78 4.95 ¢+ 1.52 0.06 '
3133.14 £ 0.76 "5.10 £ 1.53 0.06 4912 --> 1780
3172.09 + 0. 35 11.10 £ 1.47 0.4 5631 --> 2460
3211.55 ¢ 0.55 6.41 + 1.34 0.08 4991 --> 1780
3226.37 ¢ 0.28 17.37 £+ 1.80 0,21 6000 -=-> 2774
3296.10 £ 1.01 4.0 £ 1.72 0.05 5414 --> 2117
3337.95 + 0.41 7.80 £+ 1.26 0.10 5631 --> 2293
3366.63 t 0.32 12.99 £ 1.63 0.16 4509 --> 1142
3370.97 t 0.16 65.35 ¢+ 3.67 0.80 3804 --> 433
3389.77 t 0.88 3.52 ¢

1.14 0.04 3603 --> 213
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Table 10. (Continued)

Energy . Relative Intensity  Assignment
(keV) Intensity? per 100 - (keV)
' Beta Decays? :

0.18  26.29

3403,.56 ¢+ + 1.68 0.32 6273 --> 2869
.3458.19 + 0. 16 213.89 + 11,41 2. 61 3891 --> U433
3477.39 + 0.24 15.45 £ 1,32 0.19 4620 --> 1142
- 3486.,93 + 0.71 3.92 + 1.00 0.05 6261 -=> 2774
3501.92 + 0. 41 32.56 £+ 6.91 0.40 3934 --> 433
3543.95 + 0.80 8.56 + 3.15 0.10 5414 --> 1870
3547.19 + 0.89 7.65 + 3.04 0.09 5601 =-=> 2054
3572.05 + 0.25 17.09 ¢ 1.49 0.21 4714 =-=-> 1142
3585.,36 + 0.46 6.14 £+ 1.07 : 0.08 5631 =-=-> 2045
3642,.42 + 0.59 5.60 + 1.18 0,07 4790 --> 11u8
3664,75 ¢+ 0.19 31.52 £+ 2.11 0.39 4097 --> , 433
3706.58 + 0.68 4.20 + 0.96 0.05" 6261 -=-> 2554
3721.59 ¢+ 0, 44 - B.68 £ 1,37 0. 11 3934 --> 213
3770.36 + 0.34 10.20 + 1.22 0.12 4912 =-=> 1142
3789.26 + 0.34 8.66 £+ 1.09 0.11 3789 -=> 0
- 3803.98 + 0.19 90.27 + 5.32 “1.10 3804 -=> 0
3821.,91 + 0,44 5.62 + 0.84 "~ 0.07 5385 =-=-> 1563
3848.,72 + 0.66 6.14 £+ 1.40 0.08 4991 --> 1142
3867.60 £+ 0.17 148.04 + 8,01 1.81 3867 --> 0
3876.,73 + 0.32 12.10 + 1.30 0.15 3877 -=> 0
3883.95 + 0.22 25.92 + 1.90 0.32 4097 --> 213
3890.,49 £ 0, 33 11.97 + 1.31 0. 15 3891 --> 0
3934.34 + 0.18 55.80 + 3.u48 0.68 3934 --> 0
3941.65 + 0,35 6.9 ¢+ 1,25 0.08 6261 -=-> 2319
3954,24 + 1,18 2.22 t 0.85 0.03 3955 --> 0
400447 + 0.76 4.54 £ 1.1 0,06 6277 =--> 2273
4009.87 + 1.20 3.00 £ 1.11 0.0u 5396 =--> 1385
4017.55 + 0.21 23.64 + 1.70 0.29 4017 =--> 0
4156.56 + 0.55 5.50 ¢+ 1.06 0.07 5396 =--> 1238
4242,07 + 0. 46 4,44 + 0.70 0.05 5385 =-=> 1142
4250.90 + 0.71 2.77 + 0.67 0.03 6707 -=-> 2456
4271,23 + 0.19 19.27 + 1.26 - 0.24 5414 --> 1142
4281.87 ¢+ 0.27 9.70 £+ 0.83 0.12 4714 --> 433
4387.87 + 0.37 6.73 + 0.78 0.08 6707 --=> 2319
4u61.38 £ 0.U3 4.44 + 0.61 0.05 441 -=> 0
4481,.20 + 0.57 3.41 + 0.60 0. 04 6261 --> 1780
4615.36 + 0.91 2.54 + 0.76 0.03 6000 --> 1385
4626.96 + 0,45 5.89 + 0.82 0.07 5775 =-=-> 1148
4644,95 £ 0,93 2.52 £ 0.77 0.03 5631 --> 986
4875.09 ¢ + 0.83 0.12 6261 =--> 1385

0.26 10,11
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Table 10. (Continued)

- S - S - D A W P - s AD D S P P A A A S R D D - - G W U WS G G WSS AP W A W = - -

Energy ' Relative Intensity Assignment
(keV) ' Intensity? per 100 (kev)
‘ Beta Decays?2

4890.02 + 0.83 1.50

t + 0,34 0.02 A

4899,36 + 0.48 2.84 + 0.36 0.03 6707 --> 1808
49u47.45 + 0,61 4.01 £+ 0.7 0.05 6097 =--> 1148
4953,88 + 1,13 2.14 + 0.52 0.03 6097 --> 1142
4971.81 + 0.59 1.85 + 0.35 0.02

49%6.,76 + 0.53 2.87 + 0.54 - 0.04

5138.94 + 1,00 1.25 £+ 0.36 0.02

5154,.63 + 0,97 1.30 + 0,38 0.02

5164.78 + 1.10 .11 £ 0.37 0.017 ' T
5396.72 + 0,91 1.69 + 0.41 0,02 5396 --> 0
5408,99 + 0,70 2.30 £+ 0.42 0.03

- - - . e - = D e D = Y = DS G WP D P . o WS ap e S WP A W AP WP n wm - W ARG P WS A we W W -
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of 1.65 + 0.30% from the wcrk of Talbert, et al. (10). &

Iet

compérison between the energies presented in this Qork and
“*hose provided by Brissot, et al. (345 iﬁdiqates that the
valﬁes are consistent to within quoted errérs in most cases.
‘However, these'values disagree-in a systgmatic fashion with
those reported by Achterberg, e+ al. (28). In a'similar
manner a comparison can be made among relative intensities
quoted in these three works, Such a comparison is ﬁéde iﬂ
‘Table 11, Again the values agree quite well with those of
Brissot, et al. but disag;ee systematically with those pro-
posed by Achterberg, gg‘g;. N | |

Of +he 243 gamma rays determined to be 93Rb photopeaks,
approximately 52 have intensities greater than 10 and appear
not to have been observed in other studies. This is partial-
ly due to the fact that Brissot, et al. reported in their ar-
ticle only the 69 transi*icns which had been placed inAtheir
final level scheme. They regcrt they actually observed 162
transitions but failed to list those which had not been
placed. An examination of the spectrum provided by
Achterberg, et g;. reveals why so few peaks were reported in
that study. The most intense peak has a height of only 3.5 x
103 counts while the same peak in the spectrum reported here
has a height of 106 counts. Since Brissot, et al. do not
provide a spectrum for examanation, no similar comparison can

be made with that work.
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Table 11. Comparison of intensities with other 93Rb studies’

A et an S S S S —n G G D D G D S Gm - D S W WD S R D G DD D DS D DS SP A - - - -

Energy ' This - Achterberg - Brissot!

Work et al.(31) et al. (28)
213.39 384 + 22 385 + 30 388
219.16 158 + 9 137 £+ 9 152
432,51 1000 + 53 1000 £ 50 1000 .
7C9.95 308 + 222 250 '+ 40 302
793,65 62 + 3 49 + 10 66
986,05 391 + 20 342 +-30 380
1148,18 88 £+ 5 ' 79 + 5 : 109
1238,.30 85 + 5 71 £ 7 90
1332.97 61 £ 6 36 + 5
1385.21 328 + 17 80 + 50 338
1562,.,91 58 + 4 62
1612.87 96 £+ 6 93 + 13 104
1808.50 161 £+ 8 124 £ 11 152
1869.69 : 109 + 6 85 + 7 , 110
1910,72 66 + 4 40 + 11 74
2054,06 77 £ 4 63 + S 75
2229.44 S4 £ 3 21 £ 5 55
2704,97 59 + 4 42 £ U 58
2861.34 64 + U ' 35
2869,23 64 + 4
3370.97 65 ¢+ 4 40 + 7 80
3458.19 214 + 11 145 + 19 255
3803.98 90 + 5 45 + 5 107
3867.60 148 + 8 47 + 13 174
3934,34 56 + 3 39 ¢+ 7 54

T TR T R P P I P e e R N R L D WP s WD S WP D ED b s D W L D G W AR G W W A R WP Eh e R en W AR W e AR A W A

1The intensity uncertainties are reported to vary between 5
and 10% depending on the gamma ray intensity value. '

2In order to eliminate the contamination resulting frcm the
710.4-keV gamma ray observed in the decay of 93Sr, this in-
tensity has been determined from the 432.5-keV coincidence
gate., '
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‘Mulfiplets which'hadvﬁreviously_been reported as single'
peaks were clso resolvéd at 1148-1150, 1746-1750,
1836-1838-1842, 1992-1998, and 2555-2958 kevV, Ten gamma rayéa
not observed in this work are placed in the level scheme -
offered by Brissot, et al. (3&). Seven of these transiticﬁs
are placed between levels alsc pfoposed'in this work on the
basis of different gamma rays. The cther fhree, along with
the 2230-keV gamma ray, are used to define a level at 4284
keV. In this work the 2230-keV gamma ray is‘pléCed elsewhere
based on coincidence information and no level is prcseht at
4284 kev. Achterbcrg,‘gg al. (28) reported seven gamma rays
not_séen in this study. Six of these depopulate levels which
are not evident in this study or that.of Brissot, et g;. The
other gamma ray was not placed in their level schene.

The coincidence information is compiled in Table 12,

Thé coincidences observed in this work are consistent with

the small number of coincidences reported by Achterberg, et
al. (28). Althouqh only five coincidence gates were examinedv
by Brissot, et al. (34) a rather large amount of information
was obtained in these gates, These coincidences are also:
consistent‘uith the information reported here except fcr co-
incidences between the 1927-keV gamma ray and the d32- and
710-keV gamma rays. In this work the 1927-kev gamma ray
appears to be in coincidence only with the 213-keV gamma réy.'

It is therefore placed as feeding this level. 1In the work
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Table 12. Coincidences observed in the decay'of 93Rb,

Gate Definite Coincidences .Possible'Coincidencesn
(keV) _ (keV) - (kev)

................. R D S D - - - AR D S G - S D - D . =S W - -

213.4° 219, 710, 929, 935, 1928, 1350, 1612, 2350

2524
219.2 213, 710, 1613, 2350 768, 1096
432.5 710, 1096, 1130, 1150, 1831, 2026, 2350
- 1437, 1612, 1684 . | S
710.0 213, 219, 432, 1150 | 768, 2646, 2661
793.7 986 = - - 2087, 2262

929.0 213

934,7 - 213

986.1 794, 1333, 1635, 2087 822, 1286, 1365, 1548,
| : | 2270
1068.5 o ‘ 1501
1096.7 432 | 213, 219
1130.2 432 . | 710

1150.3 432, 710

1238.2 1316
1315.6 A 1238
1333.0 986 1547

1349.7 213
1365.4 986
1385. 2 1389, 2505 1501, 2491

1437.1 o 432
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Table 12,  (Continued)

A D - W e R R R AL D D D AR S e R AR T I W YR D AP WL R D P e D P AP D D A E G G WS T An Wb B -

Gate ‘Definite Coincidences _Possible Coincidences
(keV) (keV) (keV) :
1501.1 1385

1547,8 986, 1333

1594.6 , : . 1385
1612.9 213, 219, 432, 1822 1831
1635.3 986

1662.2 | 710, 1150
1684. 8 432 A |
1808.5 2229 | o 2059
1812.8 1385 o
1821.9 432, 1613

' 1869.7 1978 |
1900.9 | 2054
1927.6 213

1978, 3 1869

2026.9 432

12058, 8 1808
2087.4 794, 986

2229.4 1808

2262.0 794

2349.6 213, 219, 432

2418,2 986
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Table 12. (Continued)

Gate Definite Coincidences .  Possible Coincidences
(keV) | (kev) | - (keV)

2491,2 1385
2505,2 1385

2523.7 213

. 26U46.6 432, 710 .

2661.1 432, 710 |
2705.0 432, 710 2i3, 219
27246 432, 710 |

2861.3 986

2954,9 432, 710

3371.0 213, 219, 432

3458,2 213, 219, 632

3501.9 213, 219, 432

366u4,7 432

e P T R T P s > an e T T . W A - . e . -
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~of Brissdt,‘gg'gl., the 1927-keV coincidence, along with the
1684-keV gamma ray, is used tc establish a new level at 3069
keV., Since the 1684-keV gamma ray is posifioned4elsewhere on
the basis of coincidence information in this work the exist-
ence of this level seems qnlikely. Brissdt, et al. also list.
the coincidences 432;1837, and 986-2890 not seen in‘this
study. However these two gamﬁa rays.uerg placed between the
same levels in this study on the basis of énergy»sums alone;
' Information f:cﬁ 53 coincidence gates was uséd to build the
final ;evel scheme shown in Figure 15; This level scheme ..

' contains 74 levels baséd'pﬁlthe pléceﬁent of 231‘gamma‘rafs
representing approximaﬁely 99,5% of the total gamma inteﬁsity
observed. In all, using this coincidence informatioh;’it is
péssible to‘verify 41 of the 73 excited levels in théAIeyel
schéme'propoéed'in this work. Since, in'generél; the"gammaé,
ray intensities reported here agreé with those reportsdlby
Brissot, et al. (34) , the discrepancy betweeﬁ that erk.and_:
ﬁhelstudy of;Achterberg, et al. appeé;s to be resolved.
Based on the ggmma-ray information Brissot, et al. did'p:é-
sent, it seems fhat théir reported enetgies’and iﬁtensitiest

are in most cases corrects
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C. Decay 6f 93Kr

The 93Kr enhanced deéay spectrum is shown in Figure 16.
Due to the complexity of the low-energy region of‘fhis decgy,-
a LEPS spectrum for the region 0-350 keV is also provided in
Figure 17; The Au x-rays in this spectrum result from tﬁe |
presence of Au electricai contacts in the GekLi) detéctors.
The number of fhlljenergy reaks in this spectrum was deter-
mined to be 217‘and thesé.gamma rays are listed in Table 13.
A éround-state beta bfanching of 0% was adopted from'the-wofk
of Abhterberg,Ag; al. (28). This branching value, in-addi-
*ion to a delayed neutron emission probability of 2.6 % 0.5%
(10) , was uéed to calculate the absoluté gamma4ray intensi-
ties quoted in Table 13. In this decay the most intense peak
at 253 keV is actually a multiflet. As a result the intensi-
ties‘are all normalized relative to the second most intense
peak at 323.9 keV. The energies agree, in ﬁost cases, to
within errors quoted in the cther articles published on the
decay of this nuciide (28, 34).

Although the intensities reéorted in this study agree
fairly well with those progposed by Brissot, et al. (34),
there are some important discrepancies. .The first difference
results from their féilure tc examine the low-energy region
in satisfactory detail. Consequently the low-energy peaks at
57.1 and 70.6 keV were not detected. They also reported that

the 252.8-keV gamma ray has an intensity which is approxi-
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Table 13. Gémma rays observed in the decay of 93Kr.

- S, = P P s W S G P WD TR D S D WS TRy P A P WD P P P AR GRS SN D W D S WD G S WD W AP D NS WS D P WD WP R D WS TP W G WS W .

Energy ‘ " Relative Intensity Assignment
(keV) Intensity! - per 100 - (keV)
: S ‘ Beta Decays?

- A A . P TP L WL NS M W —h S G P s e G AP W D G En S D R D WD e R D - R P W S D S - e e .-

57.11 ¢+ 0.05 10.70 £ 0,5t . 0.26 o324 --> 267
70.57 + 0.05 64.20 £+ 3.21 1.55 324 -=> 253
182.02 + 0.05 223.33 £ 11.62 5.39 506 --> 324
191,06 + 0.08 3.24 + 0.32 0.08 2856 =--> 2665
239.26 + 0.22 - 6.61 & 1.21 0. 16 1880 --> 1641
252.51 t 0.06 810.99 ¢ 42.14 19.58 506 --> 253
253,42 + 0,05 1707.97 + 88.76 41,24 253 -=>. 0
254.83 £ 0,05 28.86 + 2.90 0.70 5920 --> 5665
266.83 ¢+ 0.05 853,77 ¢+ 43.05 20,53 . 267 --> 0
292.88 + 0.08 3.75 ¢ 0.25° . 0.09 1850 --> 1558
316.72 £+ 0.09 10.03 + 0.77 0.24 4051 =--> 3734
323.89 + 0.05 1000.00 £ 50.17 . 24,15 324 -=> 0
399.01 ¢+ 0.12 4.85 ¢+ 0.41 0.12 2609 --> 2210
401.51 £ 0.28 1.87 + 0.34 0,05 1964 --> 1563
480.44 + 0,20 3.59 £+ 0.50 . 0,09 2169 --> 1689
491,93 + 0.22 3.25 + 0.49 0.08 3494 --> 3002
496.56 ¢+ 0.05 75.24 + 3.84 1.82 820 --> 324
519.78 + 0.19 3.99 £+ 0.54 0.10 3265 --> 2745
529.59 + 0.05 20.43 £+ 1.07 0.49 1350 --> 820
553.53 + 0.20 3.17 £ 0.48 ‘ 0.08 820 --> 267
555.41 + 0.15 4.30 £ 0.51 0.10 3801 --> 3245
567,05 + 0.11 6.92 £+ 0.54 0.17 820 --> 253
570.16 ¢+ 0.05 4g.ul4 ¢+ 2.53 1.20 2856 --> 2286
578.73 t 0.17 - 3.50 £+ 0.40 0.08 . 6070 --> S492
616.51 + 0. 11 4.19 ¢+ 0.32 0.10 5665 --> 5049
623,64 £ 0,16 2.4 + 0,23 0.05 2265 ~-> 1ei
643,18 + 0.23 - 3.77 £+ 0.86 0.09 © 2286 --> 1642
644,78 + 0,09 11.16 £ 1.02 0.27 2609 --> 1964
68€.51 + 0. 11 5.56 t+ 0.42 0.13 2856 --> 2169
713.34 t 0.36 2.31 ¢t O.u4 0.06

716.89 ¢+ 0.48 2.07 £ 0.53 0.05
722.68 + 0.08 11.30 £ 0.71 ° 0.27 2286 --> 1563

- o W S = A . e - -

1Measured relative to the 323.9-keV transition (Iy = 1000).
2Calculated from relative intensities using the factor
0.0246 based on the decay scheme proposed with 0% beta
branchlrg to the ground state of 93Rb and a delayed neutron
emissiorn probability of 2.6%.
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Table 13. (Continued)

- An > - —— e - e T e AD AR S wn G e W A G S We NS WD W AR G AR D WS WD P WD WS WD WP me W WS Am - S WD ew =

Energy - 'Relative Intensity Assignment
(keV) ‘ Intensity? per 100 (keV)
Beta Decays?

- - - > W e W e W D e W W D AR G G S S D D D AR P YR AR WS S WP WD DGR R DR W W S - - -

733,72 + 0.05  36.39 + 1.86 0.88 2084 --> 1350
737.24 ¢+ 0.23  2.20 + 0.317 0,05 = 1558 --> 820
770.70 + 0.37 5.70 + 0.95 0.14 ~ 4051 --> 3280
777.57 + 0.10 8.26 + 0.62 ©0.20 3063 --> 2286
820.45 + 0,05 154,44 + 8,04 3.73 820 --> 0
844,12 + 0.06 23.27 £ 1.21 0.56 1350 --> 506
852.66 + 0.12 3.85 + 0.32 0.09 3063 --> 2210
891,46 t 0.60 1.33 + 0.39 0.03 2856 --> 1964
895.05 + 0.13 7.18 + 0.55 0.17 2745 -=> 1850
898,03 + 0.47 1.76 + 0.42 0.04 5759 --> 4861
921.19 + 0.10 9.42 + 0.66 0,23 - 3777 --> 2856
965.01 + 0.11 8.99 + 0,71 0.22 2815 --> 1850
976.08 + 0.06 29.37 + 1.60 0.71 2665 --> 1689
1000.53 + 0,34 1.85 ¢+ 0.35° 0.0t 3265 --> 2265
1005.65 + 0.09 6.77 £+ 0.47 0.16 2856 --> 1850
1026.19 + 0,05 90.32 + 4.56 2.18 1350 --> 324
1046,57 + 0.14 5.04 ¢+ 0.45 0.12 2609 --> 1563
1051.69 + 0,30 3.07 £ 0.5 0.07 1558 --> 506
1054,55 + 0.23 4,45 £ 0,53 0.11 3265 --> 2210
1058.71 ¢ 0.17 12,76 t 1.70 0.31 5920 --> 4861
1060.53 t 0.13 15.93 + 1.81 - 0.38 4861 =--> 3800
1080.58 + 0.69 1.69 + 0.56 0.04 6572 --> 5492
1083.42 ¢ 0,06 33,81 + 1.80 0.82 1350 --> 267
1097.14 + 0.09 5.30 £ 1.00 0.13 1350 --> 253
1126.28 + 0.33 2,79 £ 0.49 0.07 2815 --> 1689
1136,06 + 0,34 3,24 & 0.59 0.08 1642 --> 506
1139.17 + 0.18 7.96 £ 0.70 - 0.19 3308 --> 2169
1157.09 t 0,11 13.11. ¢ 1.02 0.32 5237 --> 4080
1191.49 + 0,09 9.63 t 0.62 0.23 3801 --> 2609
1214,98 + 0.05 72,70 ¢+ 3.77 1.76 2856 --> 1641
1235,53 + 0. 30 5.48 + 0,87 0.13 3245 --> 2009
1238,76 t 0.06 46,01 + 2.49 1.11 1563 --> 324
1290.54 + 0,23 9.90 + 1.37 0.24 1558 -=> 267
1296.08 + 0.06 78.29 + 4.13 1.89 1563 -=> 267
1309.51 £ 0.21 4.33 + 0.50 0.10 1563 -=> 253
1313,44 + 0.14 12,16 + C.99 0.29 3002 --> 1689
1318.38 + 0. 14 38.06 + 3.48 10.92 1642 --> 324
1350.24 + 0.06 30,98 t 1.67 0.75 1350 --> 0
1360.26 + 0.11 9.35 + 0.65 0.23 3002 --> 1641
1364.77 + 0,09 28,33 t 1.96 0.68 1689 --> 324
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Table 13. (Continued)

- — P - e D - D D G S GP AP W G D A M R EREE AP AR D D WS D AP D D WD AP D WS SR A WD DR Wn G W -

Energy Relative Intensity Assignment
(keV) ~ Intensity? per 100 (keV)
: Beta Decays?

- . D S A WD - S D S D D WS e D W e D e D D . - S D R WD AR S G - D e A G WS - -

1374.78 0,09 17.55

b4 + 1.17 - 0.42 3063 --> 1689
1382.67 £+ 0.34 ~7.83 £+ 1.62 0.19 3551 --> 2169
1387.92 + 0.09 56.07 + 3.81 1.35 1641 --> 253
1421,79 ¢+ 0.06 39.97 + 2.12 0.97 1689 --> 267
1435,35 ¢ 0.13 41,52 + 3.10 1.00 1689 --> 253
1445.64 t 0.18 8.36 + 0.87 0.20 5496 --> 4051
1458.,50 ¢+ 0.09 16.44 £ 1.07 0.40 1964 --> 506
1471.32 + 0.32 - 15.71 + 1.68 0.38 4080 --> 2609
1505.76 ¢t 0.06 92.51 + 4.81 2,23 2856 =--> 1350
1508.41 + 0.23 9.00 + 1.28 0.22 3359 --> 1850
1525.89 ¢+ 0.20 8.88 + 1.00 0.21 1850 --> 324
1528,.88 + 0. 30 5.98 + 0.94 0.14 3494 --> 1964
1543.15 ¢ 0. 11 14.19 + 0.98 - 0.34 :
1556.32 ¢+ 0.12 10.32 £ 0,77 0.25 3245 --> 1689
1563.09 + 0.06 39.22 ¢+ 2.09 0.95 1563 --> - 0
1576.61 t 0.56 3.66 + 0.96 0.09 3265 -=> 1689
1586.89 + 0,07 35.11 £ 1.95 0.85 3551 ==> 19€4
1596.20 + 0.06 56.67 + 2.99 1.37 1850 --> 253
1613.33 ¢ 0.08 14.30 ¢ 2.50 0.35 1880 --> 267
1616.85 £ 0.77 . 2.77 '+ 0.99 0.07 4861 ---> 3245
1627.10 £ 0.06 82.10 + 4.36 1.98 1880 --> 253
1638,04 + 0.19 20.86 + 1.86 0.50 3280 -=> 1642
1641.,08 + 0.06 59.71 ¢+ 3.14 1. 44 1641 --> 0
1651.87 + 0.08 28.72 + 1.67 0.69 3002 --> 1350
1662.74 + 0,13 16.96 £ 1.27 0.41 . 2169 --> 506
1666.31 + 0.58 3.43 £ 0.92 0.08 3308 =-=> 1642
1681.91 ¢ 0.71 3.98 + 1.00 . 0.10 3245 --> 1563
1685.07 + 0,20 22.68 + 1.97 0.55 2009 --> 324
1687.44 + 0.50 5.95 ¢ 2.05 0.4 3245 --> 1558
1697.84 + 0,06 58,43 + 3.22 1. U1 1964 --> 267
1704.45 + 0,18 10.54 ¢+ 1.01 0.25 2210 --> 506
1710.78 + 0.18 20.83 ¢+ 2.19 0.50 1964 --> 253
1713.38 + 0.28 12.81 £ 1.96 0.31 3063 --> 1350
1742,49 ¢+ 0,08 53.28 ¢+ 3.18 1.29 2009 --> 267
1745.28 ¢ 0.20 17.20 ¢+ 1.82 0.42 3308 --> 1563
1755.88 + 0.19 13.11 £ 1.29 0.32 2009 --> 283
1779.68 ¢+ 0.08 23,78 + 1.39 0.57 2285 --> 506
- 1785.,80 + 0,40 5,13 ¢t 0,98 0.12 4051 --> 2265
1788.96 + 0.17 12.98 ¢+ 1.17 0.31 2609 --> 820
1794,.80 + 0.08 35.98 £+ 2.03 0.87 4080 --> 2286
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Table 13, (Continued)

- - - R D W s e o D P T A e WP G AR G WS D WS Gman WD AP D G D D TR R G W WD WD WP er e WD AP W TS W an WP WP W

Energy '~ Relative . Intensity  Assignment
(keV) Intensity! per 100 (keV)
Beta Decays? ‘

- > - A e WD WD S e WD WS G WD WS S e D P Y W S P D G G A S WD D G P Wb D A R GRS AL WD WD YD WP Gn W e -

1798.25 + 0.26 7.53 + 0.95 0.18  ~ 4861 --> 3063
1803.71 ¢ 0.17 9.22 + 0.8u4 0,22 5049 --> 3245
1822.26 + 1.19 6.64 + 11,35 0,16 3465 -=> 1642
1823.,76 + 0.80 14.17 £+ 11.42 " 0.34 3465 --> 1641
1840.12 + 0.34 1.01 + 3.40 0.27 4051 =-=> 2210
1850,10 ¢ 0,27 4,01 + 0.55 0.10 1850 -=> 0
"1862.68 + 0.12 11.04 + 0.78 - 0,27 3551 -=> 1689
1886,79 ¢+ 0.08 28,99 + 1.68 0.70 2210 --> 324
1929,.71 + 0.34 13.21 ¢+ 1.95 - 0.32 3280 '-=> 1350
1943,54 + 0. 11 19.71 £+ 1.32 0.48 2210 =-=> 267
1957.10 + 0.18 14.49 ¢+ 1,38 0.35 2210 --> 253
1961.83 t 0.06 74,06 + 3.9 1.79 2286 --> 324
1989.29 + 0.26 11.66 £+ 1.35 0.28 3631 --> 1642
1994,41 + 0.21 10.79 ¢t 1,11 0.26 . 2815 --> 820
2011.68 + 0.19 9,54 + 0.91 0,23 2265 =--> 253
2018,.,87 + 0.07 58,27 + 3.07 1. 481 2286 =-=> 267
2035.36 + 0.07 75.14 + 3.89 ©1.81 2856 --> 820
2082.62 + 0.14 12.27 ¢+ 0.90 0.30 . 5860 --> 3777
2088.24 + 0.19 1.3 £+ 1.01 0.27 3777 --> 1689
2160,02 + 0, U6 2.83 + 0.60 0.07 3801 --> 1641
2179.28 + 1.17 3.97 + 3.26 0. 10 6260 --> 4080
2181.54 + 0.12 48.16 + 4.06 1. 16 3002 --> 820
2235.44 + 0.76 3.01 + 0.92 0.07 - 5237 --> 3002
2239,21 ¢ 0.31 7.41 ¢+ 1.00 0.18 2745 -=> 506
2308.30 + 0.52 3.14 + 0.73 0.08 5860 --> 3551
23u2,37 + 0.79 7.28 £ 2.54 0.18 2609 --> 267
2349.96 + 0.10 305.99 + 15.77 7.40 2856 --> 506
2365.96 + 0,64 5.34 ¢+ 2,02 0.13 5860 --> 3494
2368,46 + 0.59 5.69 + 2.04 0,14 5920 --> 3551
2411,44 + 0,15 12.82 + 0.89 0. 31 2665 --> 253
224,26 ¢ 0.25 7.18 + 0.76 0.17 3245 --> 820
2491.24 + 0,31 19.35 + 2.62 0.47 2815 --> 324
2496.05 + 0,10 95,42 + 4,98 2. 30 3002 --> 506
2517.35 ¢+ 0.56 . 3.23 ¢ 0.73 0.08 4080 --> 1563
2521.47 + 0.16 19.61 £ 1.25 0.47 6572 =--> U0S1
2531.85 + 0. 28 5.39 + 0.63 0.13 2856 --> 324
2548,02 + 0.17 25.83 + 1.99 0.62 2815 -=> 267
.2557,26 + 0.16 26.28 + 1.70° 0.59 3063 --> 506
2561.33 + 0.12 41,41 + 2.02 1.00 2815 --> 253
2589,18 + 0.15 21.20 + 1.43 - 0.51 2856 --> 267
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Table 13. (Continued)

- S s A e EP b D = G AR e W AR En D e A AP WS D R h R W G D W D D Gk R W WD G e S A D A G TR AR AL R W WD ws P e e

Energy Relative Intensity Assignment
(keV) Intensity?! = per 100 (keV)
' Beta Decays?

2602.61 £ 0. M1 173.98 + 9.06 . 4,20 2856 -=> 253
2606.65 ¢ 0.19 29.52 ¢+ 2.43 - 0,71 5965 --> 3359
2663.49 £ 0,20  21.17 £ 2.22 0.51 5665 -->. 3002
2678.04 + 0.35  10.89 £ 1.90 0.26 3002 --> 324
2700.46 + 0.32 9.09 £+ 1.10 0,22 4051 --> 1350
©2720,24 + 0. 35 ' 8.32 ¢+ 0.96 0.20 5965 --> 3245
2739.14 ¢ 0.12 21.10 £ 1.21 0.51 3063 --> 324
2755.62 ¢+ 0.25 8.88 + 0.92 0. 21
2772.85 t 0.28 - 8.49 ¢+ 0.92 0.21
2782.26 ¢+ 0.20 22.89 + 1.81 0.55
2796.56 + 0.16 15.02 + 1.03 ' 0.36 3063 --> 267
2809.92 + 0.12 18.34 + 1.04 O.44 3063 --> 2853
2826.62 + 0.24 8.06 £+ 0.81 0.19 5491 --> 2665
2838.48 + 0.30 7.48 + 0.89 0.18 5049 --> 2210
2846,03 + 0.45 26.65 t 12.00 0.64
2852.62 ¢+ 0.52 7.93 £+ 1.77 0.19 3359 --> 506
2855.95 + 0. 11 90.35 + 4.89 2. 18 2856 --=> 0
2913.49 ¢t 0.30 8.61 + 1.04 0.21 3734 --> 820
2944,60 £ 0,40 7.29 £+ 1.21 0.18 5759 --> 2815
29u48,32 + 0.19 25.14 ¢+ 1.68 0.61 6725 -=> 3777
2956.,68 t 0.16 24,78 £+ 1.66 0.60 3777 --> 820
2972,22 ¢+ 0.20 18.12 ¢ 1.75 : O.u4 : '
2998,45 + 0.30 25.96 + 6.14 - 0.63 3265 -=-> 267
3000.49 £ 0.54 13.50 + 6.11 0.33 5665 ==> 2665
3014.66 + 0,45 12.91 + 4,04 0.31 5759 --> 2745
3026.,51 + 0430 7.16 £ 0.95 0.17 3280 «=> 253
3097.65 t 0.52 3.23 + 0.85 0.08
3105.40 + 0.20 12,23 + 0.98 . 0.30 3359 --> 283
3150.82 + 0.48 8.71 £ 2.13 0.21 5965 --> 2815
3196.79 + 0. 66 - 6.02 £ 1.94 0.15 6260 --> 3063
3214.,50 ¢+ 0.29 8.86 + 0.89 0.21 6070 --> 2856
3220.31 ¢ 0.31 7.44 ¢+ 0.83 0.18 4861 --> 1641
3226,70 ¢ 0.15 41.42 + 2.82 1.00 3494 -=> 267
3229.89 + 0. 66 6,10 £ 1.95 0.15 4051 --> 820
3250,30 ¢ 0.27 - 6,50 £ 0.69 0.16 5860 --> 2609
3260.69 ¢+ 0.48 3.64 £ 0.63 0.09 6725 --> 3465
3281.12 + 0.66 3.32 ¢+ 0.81 0.08 5492 --> 2210
3285,26 t 0.34 7.34 £ 0.85 0.18 5496 --> 2210
3294,82 + 0.76 8.64 £+ 1.u8 0.21 3801 --> 506
3298.31 ¢+ 0.19 = 26.63 + 2.12 - 0.64 3551 --> 283
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Table 13. (Continued)
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Energy Relative Intensity Assignment
(keV) Intensity!? per 100 (keV)
: Beta Decays?
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-1.32 “0.11 4861 --> 1558

3303.90 + 0.83 4,045 4

3307.19 ¢ 0.74 4.17 £ 1.40 0.10 3631 --> 324
3355.97-+ 0.54 8.66 + 2.58 0.21° 5965 =-> 2609
3358.79 + 1.02 5.02 + 2.46 0.12 3359 --> 0
3379.74 + 0.37  7.04 + 0.96 0.17 5665 --> 2286
3008.09 + 0.22 18.91 + 1.42 0.46 . 5492 --> 2084
3412.72 + 0.51 5.80 £ 1.05 0.14 5496 --> 2084
3445,11 ¢+ 0.56 2.70 + 0.54 0.07 6260 --> 2815
3453.31 ¢ 0.32 8.39 + 0.99 0.20 3777 --> 324
3460.66 + 0.€3 29.28 + 5.43 0,71 6725 -=> 3265
3464.39 + 1.204 13.08 + 3.73 0.32 3465 --> 0
3467.20 ¢+ 1.02 11.04 + 5.23  0.27 3734 -=> 267"
3471.26 + 0.53 6.33 + 1.39 0.15

3082.42 & 0.45 4.94 + 0.80 0.12 5492 --> 2009
3582.65 + 0.26 6.27 + 0.62 0.15 :

3634.67 + 0.30 7.89 + 0.88 0.19 5920 --> 2286
3645.86 + 0.52 9.74 + 2.25 0.24 5496 --> 1850
3649.21 + 0.43 12.71 ¢ 2.23 0. 31 5860 --> 2210
3655.45 + 0.U6 5.72 + 0.88 0.14 5920 --> 2265
3705.87 + 0.16 12,27 + 0.83 0. 30

3776.02 ¢+ 0.30 6.6 + 0.66  0.15 5860 --> 2084
3795.80 + 1.08 1.55 + 0.50 0.0 5965 --> 2169
3887.09 + 0.3 5.26 + 0.79 0.13 . 5237 -=> 1350
"4014,14 £+ 1,08 2.49 ¢+ 1.05 0.06 .
4032.88 ¢+ 0.20 8.77 + 0.67 0.21
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hately three times that of the 253.5-kev member of this mul-
tiplet. This intensity aprortionment is obviously not con-
sistent with that from the fit of this multiplet shown in
Figure 8. Finally, the gamma ray ;t 505,8 keV was reported
to-have an intensity of 100 as compared +o an‘intensity cf
34,0 + 1.8 as reported in this work. 1In this work the
505.8-keV peak was assumed to be due éntirely to sum peaking.
This statement is supported by the correlatiqn between
source-tc-detector distance and the'intensity of this'péak.
Brissot, et al. (34) state that their detectors were posi-
tioned approximately.1 cm from the 93Kr source. Invthis
study the source-to-detector distance was approximately 2 cn.
Since the intensity of a sum peak varies with the solid
angle subtended by the detector, the intensity ratio of a sunm
peak observed invthese two werks should be approximétely'u.:
1. The ratio is slightly less than this, as one would
expect, because the distance'should actually bé measured from
the source to the effecfive center of the Ge (Li) crystal., If
this distance were included the ratio would be somewhat less
than 4 : 1, This sum peak will have a rathervlarge‘intensity
because it is possible to sum two different intense cascades
to obtain.a peak at this erergy. The intensity of this eum
peak also»agrees féirly well with the expected intensity
based on the identification of a definite sum.peak in the

93Sr decay.
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 Brissot, et al. agaiﬁ report only the t:anéitions plééed
in’théir final level scheme. ~They mention that they observed
114-transitions but energies are quoted for just 43 transi-
tions which represent only 85% of the gammé intensity ob-.
served. Thus some of the 91 gamma réyéAwith intensities
greater than iO“not previously.reported‘may_also have been
-obsérved by Brissot, et al. As before, Achterberé, et al.
(28) proﬁide a spectrum which illustrates why ?“Ch a large
number of gamma rays weré not observed.in‘their étudy. Thé{l
324-keV peak has a height cf only 7.5 x 103 counts while the
same peak in the spectrum provided here hés a height of
almost 2,0 x 108 counts, Brissot, et 2al. do not provide any
spectrum for this decay so again no comparison with their
data can easily be made. Multiplefs”have also been resolvead
at 643-645, 1059-1061, 113€-1139, 1291-1296, 1711-1713,
1742-1745, 1795-1798, 2557-2561, 2603-2607 and 3227-3230 keV
where previously only single reaks had been reported.
Rrissnt, gt al. do report peaks at energies of 1091.0 and
1613.8 keV which are comprised in large part of 93Rb contanm-
ination peaks according tb this study. These transiticns
have intensities in this wcrk of 0.5 and 1.4, respecﬁively
while Brissot, et gl. report intensities of 1.2 and 2.4 re-
spectively. These gamma rays are placed between the same

levels in both works.
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Achterberg, et gl. repcrt 12 gamma'rayé ‘which are no+t

present in this study. Two of’theée,-at.1077 and 2626 kev,
are determined to be escape’péaks while that at'1750.kev is
~ partially an escape peak and partiéily a 93Rb peak. The
other nine gamma rays are placed using 1evels:whiéh are based
largely on these transitiénsuthemselves and which are not’
present in the level schemes proposed in this work or that of
Brissot, et é;. | | | |
A comparison of intensities with thoée reported by |
_Achterberg, et al. ard Brissot, et al. is made in Tablé 14,
As mentioned in the discussion‘of the 93RDb décay, the inten-'
sities disagree in a systematic fashion. Since the deviation
between intensitieé'follows the'samevgenefal pattern in both
t+he 93Rb and 93Kr deéays if éppears thaf the disagfeementA |
must result from the efficiency curves . used for the detec-
tors, Because the gesults repcrted here agree, in geﬁerél,
with those of Brissot, et al. (34), it would seem that the
intensities reported by Achterberg, et al. (28) are éuspeét.
Doubt about the accuracy of these intensities is reinforced
by two previous cases of infensity disparity with stuaies
performed at IALE. 1In a recent study of the decays of 91Kr
and 91Rb, Glascock (ﬂS) raported a similar pattern of inten-
sity discrepanéies. An earlier study of the decays of 138Xe
and 138Cs by Carlson, et al. (u6) provided the first evidence

of an intensity disagreement with a similar study performed
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Table 14, Comparison of intensities with other 93Kr studies

- - ——— - - - = WD D W - G WD D Gh D D - D D D D =S e D D P D - D - - - -

Energy -~ This Achterberg = Brissott

- Work et al. (31) et al. (28)
70,57 64 + 3 110 + 40

182.02 232 + 12 223+ 15 .. 240
252,51 . 806 £ 42 1000 + 100 ' 1850
253.42 1698 + 89 1505 + 150 660
266,83 850 + 43 855 + 40 820 -
323.89 1000 £ 50 1000 £+ 50 1000
496.56 75 ¢ 4 61 + 5 86
820,45 154 . 8 135 ¢+ 10 180
1026, 19 90 + 5 62 7 83
1214,98 73 4 58 ¢+ 7

1296.08 78 + u 45 + 4 84
1387.92 56 % 4 83
1505.76 93 ¢ 5 64 ¢+ 7 73
1596.20 57 ¢+ 3 : : ‘
1627.10 82 ¢ 4 56 % 8 73
1641,.08 60 % 3 61 ¢ 7 58
1697,.84 58 + 3 u3
1742,49 53 ¢ 3 32 ¢ 5 51
1961.83 T4 ¢ 4 41 = 5 ‘56
2018, 87 58 3 27 ¢ 4 54
2035,.36 75 ¢ L 51 ¢ 7 . 59
2349.96 306 £ 16 164 £+ 21 239
2496.05 95 ¢ 5 56 + 10 69
2602.61 174 ¢ 9 104 £+ 10 154
2855.98 90C = S 45 ¢+ 10 76

mn e e e TR T RS M 0 et e e e e e G R R A M S MR TR R TT WRYE TP TR IR 4R m e A G T R MNP WD WP e WD e W T W s W .

1The intensity uncertainties are reported to vary between 5
and 10% depending on the gamma ray's intensity



91

at IALE 47y . fhis last werk isAespeéially-important since
Achterberg, et al. (d?) use the 13BXe-and ¥3°Cs decay transi-
tions for Qn*iine_intensiff calibration. TIf their intensity
values for thesejtransitidns are inaccurate the intensities

" of the A = 93 decay transitions will élso be_incorréct;' Thé
total gamma-fay inténsity-cf the.253-kev doublet is?the same
in both this work énd that of Achterberg; et al. The parti-
tioning of this intensity is rather different however. From
the LEPS spectrunm ahalysis, the inténsity rafio for the tvo
péaks is'2.1 while Achterberg} et al. report an intensity
rtatio of 1.5, ‘The &alue reported in the present work was ac-
tually observed in three different experiments, the two low
energy studies mentioned earlier and the final singles spec-
trum using a 60-cm3 Ge (L1i) detector. A third value forvthe‘
| intensity of the 505.8-keV peak, 75 + 10, is also repofted in
the latter work. Such an intensity fér this sum peak indi-
cates a source-to-detector distanbe of between 1 and 2 cm;
however, Achterberg, et al. did not report this distance in
their article.

Gamma-gamma coincidence data were also accumulated fér
the 93Kr decay. In contrast to the other two decays, howev-
er, the coincidences ;epofted in this case vary quite.a"5i£
from one work to another. The coincidences observed in this
study are compiled in Table 15; In spite of the different

coincidences reported, only a few conflicts result., For ex-
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Table 15. Coincidences observed in the decay of ?3Kr

- - - PP T S e S AP WS S P D D e T P D e - P D G D D D S AP S A W D G an W WS e .-

Defirn

ite Coincidences
(kev)

Possible Coinciderces

(keV)

D D - S AR G D D D WD e S ED DD A D D R W A D WD D D WS WP WS W D WS D G A W W S G . - - -

182.0
282,51
253,02

253,31

266.8

323.9

496.6
570. 2
820, 4

1026. 2

1083.4

1296.1

1435.4

182,
182,
253,
253

182,
1627,

182,

570,
1697,
182,
1318,
2350
324
267,
2035
324,
267

267

267

253

324, 2350

253, 8u4, 1387,
2350, 2496, 2602

252

1083, 1296, 1421,
1742, 2018

496, 1026, 1238,
1685, 1961, 2035,

324

1505

2350, 2496

570, 1435, 1779

1318, 1505, 1586, 1638,

2035

976, 1365, 1471, 1505,

2496

253

1651

253

1Coincidence assignments based on LEPS - Ge (Li) coinci-

dences

2Coincidences observed in gate on entire 253-keV doublet
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1458.5
1505.8
1638.0
1697.8
1742, 5
1779.7
1789.0
1961.8
2035.4
2350.0

2496.0

e - - S " = L D P P S D P U D AP Y R D WD AR R WP D e S D D WD L WD WS W R WD e - - W -
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(Continuéd)

Definite Coincidences
(keV)

253, 267, 1026

267

267
253

324
324, 820
253, 324
253

Possible Coincidences
(keV)

253

324

253, 267, 324

570
253, 267

253

496

182

324
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ample the gamma rays at 529.6, 1215.0, 1364.8, ﬁa21.8, 1710.8
and 2181.5 kev were placed in this wcrk on the basis.oﬁ ener-
gy sums alone but their placements are the same as those pro-
posed oh the basis of coincidence information reported in the
other works (28,34). similarly, gamnma rays‘at 733.7, 921.2,
976.1, 1637.7 and 2956.7 keV were‘placed in a cascade con-
sistent with the coincidences observed by the cthers. 1In the
iatter case, ihdugh, other gamma rays should also havelbeen
seen in these cascades. It should be noted that these gamma
rays were either not placed by the authors repcrting their
coincidences or were also positioned such that other iﬁterme-
diate gamma rays should have been noted in the coincidence
spectra.

The gamma ray at 570.2 keV was placed between the same
levels in this work and in that of Brissot, et al. (34) on
the basis of the same observed coincidences. Achterberg} et .
al. have placed this gamma ray as feeding the 505.9-keV
level. If this is true they should also have seen the
182, 1-keV gamma ray in the 570-keV coinéideﬁce gate. - A gamma
ray at 1060.3 keV is reported.to be in coincidence with the
267-keV transiticn by Brissot, et al. Our placement of this
gamma ray is in conflict with this observation but then so is
the final placement of this gamma ray by Brissot, et al.
Conflicting coincidences ére reported for the 1961.8-keV

gamma ray. In this work it can be placed on the basis of co-
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incidence infcrmation, thle.Achterbefg, et al. cannof placé
it using their reported céincidence. Finélly Brissot, ég al.
report coincidences for the 1978.7- and the 3105.4-keV gamma
rays. In both cases they‘wefe unable to place the gamma
rays. -The formér gamma ray was removed iﬁ this work'becahse
it is the combination of a double.escape peak for~93K£'énd é
peak. from the 93Rb &eﬁay._'Thé latter gamma ray vas-plaéed'
between levels wﬁich result in ité "crossing-over" the gamma
ray with which others reported it to be iﬁ'coiﬁcidéhce. ‘This
last placeﬁen? ié the dnly 6ne wﬁich is actually in centra-
diction with the coincidence information presented in cther
works. Approximately 98.5% of the total gammé-ray intensity
observed has been placed in the final ievel scheme., This in-:
tensity percentage is based on the placement of 203 gamma .
.rays in a level schemé consisting of 56 levels. The final

level scheme for the 93Kr .decay is presented in Figure 18.

D. Beta Branchings and Loégg ﬁalues

once the gamma-ray placements in a levél scheme we;é de-
termined the program LEAF was used to7fihd the best level en-
ergies and the per cent beta feedings. The programAdoes not
provide the best enérgies in the sense of an absolute minimi-
zaticn of chi-squared but it does provide a consistent method
for determining level energies using gamma-ray energy infor-
mation for gamma rays feeding each level as well as for those

depopulating that level. The calculation also provides sta-
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tistlcal'uncertaiuties for the level energies. The absolute
beta branchlng percentages were calculated in the program by
maklng use of the level scheme 1nten51ty 1mbalances, the
total ICC's for all transltlons and the ground-state beta
Abranchings;‘ The resultlng level energles, beta‘endpoiut en4
ergies, and per cent beta branchlngs are prov1ded in Tables
16, 17, and 18 for the,935r, 93Rb, and 93Kr decays resgec-
tively. | | | |

The logft values for each decay were deteruined by the
_program LOGFT. These values vere calculated using the abso-
lute beta branching perceutagesAand”the reportede-values for
each decaf. The logft values for the 93sr, 93Rb, anu 93Kr
decays are also provided in Tables 16, 17, and 18 respedtive-;
ly. -

In Table 16 a logft value of 1.6 is reported fcr beta
feedlng of the level at 0263.6'kev., This loégg value is
unreallstlcally low but its uncertainty covers a wide range
of more reasonable values. Ihe'uncertainty in this value is
due largely to the uncertaintf in the Q;value fcr the decay
of 93Sr. Because the logft values depend strongly on energy,
a small change in the Q-value results in a large change in’
the logf:t value calculated for this level. 1In order to
obtain a more reasonable lcgft value for this level the Q-

value must be &ery nearly 4.5 MeV. Therefore, the maximum
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Table 16. Beta branchingsiand lcggﬁ values for °3Sr decay.

Y Levels Beta Endpoint Per Cent Beta Logftt
(keV) Energy (MeV) Branching
0.00 4,30 g _ -

590. 24 3.71 "0 - -

758.782 3.54 . 6.57 + 2,28 7.3 £ 0.2

875.812 3.42 1.95 £ 1,40 7.8 £ 0.3
1135.942 3.16 2,48 £ 0,47 7.5 £ 0.1
1277.942 ‘ '3.02 O.44 ¢ 0.10 8.2 t 0.1
1300.512 3.00 3.88 + 1.22 7.2 £ 0.2
1308.552 2.99 1.41 + 0,20 7.7 £ 0.1
1647.09 2.65 15.47 £ 1.34 6.4 + 0.1
1695,492 2,60 0.35 ¢+ 0.02 8.0 ¢+ 0.1
1786.282 2,51 .0.25 ¢+ 0.10 8.1 £ 0.2
1852.75 2. 45 VO - '
1911, 462 2.39 1.46 + 0.20 7.2 £+ 0.1
2056.53 2.24 O -
2091.37 2.21 "0 -
2093.35 2.21 N0 - N
2129,.102 2.17 0.36 £+ 0.17 - T7e7 £ 0.2
2355.65 1.94 1.13 £+ 0.09 7.0 £ 0.1
2364, 83 1.94 2,01 £ 0.13 6.7 £ 0.1
2543,87 1.76 3.79 £+ 0.24 6.3 £ 0.1
2569.93 1.73 11.51 ¢ 0.60 5.8 £ 0.1
2574,93 1.73 _ 11.30 + 0.52 5.8 ¢+ 0.1
2653,.89 1.65 0 -
2687.70 1.61 17.91 £ 0.79 5.5 £ 0.1
2769,.91 1.53 7.61 £ 0,38 5.7 £ 0.1
2777.88 1.52 "0 -
2783.62 1,52 3.13 £ 0.17 6.1 ¢ 0.1
2820.58 - 1.48 3.84 + 0.26 6.0 £ 0.1
2886.50 1.41 1.28 & 0.08 6.4 £ 0.1
3006.99 1.29 .32 ¢ 0.09 6.2 ¢+ 0.1
3116.08 1.18 0.38 + 0.04 6.6 £ 0.2
3824,43 0.u8 0.20 + 0.04 5.4 £ 0.3
3871.27 0.43 ' 0.19 ¢ 0.03 503 £+ 0.4
3894,79 0.41 : 0.23 + 0.04 51 &£ 0.4
4119. M 0.18 0.14 £+ 0.02 4,2 £+ 0.8
4263.63 0.04 ‘ 0.50 &+ 0.04 1.6 ¢t 3,6

of 7.32 + 0.10 min.
2Logf,t > 8.5, so first-fortidden unique transitions cannot
be excluded.
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Table 17. Beta branchings and logft values for 93Rb decay.

e . EE D - . WD R S WD NP WP AR WD AP AN P WP R S e D S e S G L D D P D e W TR D W WD WD e W - - -

Sr Levels Beta Endpoint Per Cent Beta Logft1

(keV) Energy (MeV) - Branching
0.00 7.23 59.00 + 3.00 5.8 ¢+ 0.1
213,392 . T.02 0.42 + 0.31 7.9 ¢+ 0.3
432,522 6.80 ~ 1.80 £ 0.74 7.2 £ 0.2
986,082 6.2U , 0.U6 + 0,28 7.7 ¢+ 0.3
1142,482 6.09 1.95 + 0.34 7.0 £ 0.1
11u48,182 6.08 0.52 £ 0.10 7.6 £ 0.1
1238.282 5.99 ‘ 0.30 & 0,07 7.8 £ 0.1
1385.262 5.84 “1.54 £ 0.25. 7.0 £ 0.1
1529,232 : 5.70 0.28 + 0,03 7.7 £ 0.1
1562.932 : 5.67 - 0.50 £ 0.07 7.4 + 0.1
1779.742 5.45 0.27 + 0.06 7.6 + 0.1
1808.472 S,u42 0.75 ¢+ 0.13 7.2 £ 0.1
1869.632 5.36 0.14 £+ 0,10 7.9 £ 0.3
1910.802 5.32 0.45 ¢+ 0,07 7.4 £ 0.1
2045,452 5.18 : 0.40 + 0.09 7.4 £ 0.1
2054.042 : 5.18 0.26 + 0,14 7.6 £ 0.2
2117.312 S5.11 0.09 + 0.04 8.0 ¢+ 0.2
2140,992 5.09 0.26 £ 0.06 7.5 £ 0.1
2272.78 4,96 0 -
2292,842 4,94 0.23 + 0.06 7.5 £ 0.1
2319,.04 4,91, 0 ‘ -
2351,45z2 4,88 0.11 + 0.04 7.8 £ 0.1
256,37 4,77 O -
2459,65 4,77 N0 -
2553,75 4,68 . 0 -
2621,322 4.60 0.26 + 0,05 7.3 £ 0.1
2737.122 4,49 0.10 £+ 0.07 7.7 ¢+ 0.3
2770.672 4,n6 0.07 ¢ 0,03 8.1 ¢ 0.4
2773.87 4,46 "0 -
2782.112 4.45 : 0.16 + 0.13 7.5 £ 0.3
2868,88 4,36 0 o -
2886,U5 4,34 A0 -
2979.862 4,25 0.62 + 0.06 6.8 =+ 0.1
3198.012 4,03 " 0,03 £ 0.03 8.0 £+ 0.4

1Calculated using a Q-value of 7.23 + 0.10 MeV and a half-
life of 5.86 ¢ 0.13 sec. _

2Logft > 8.5, so first-forbidden unique transitions carnnot
be excluded.
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Table 17. (Continued)

- - - ————— - D " W """ AP e T W E - - - - W W e W A W - -

Sr Levels Beta Endpoint Per Cent Beta Logft?
(keV) Energy (MeV) Branching
3232.83 - 3.99 ~vo oo : -
3256.332 3,97 0.07 + 0.04 7.1 % 0.1
3404.292 3.82 0.22 + 0.05 7.0 £ 0.1
3603.16 3.63 0.36 + 0.06 6.7 £ 0.1
3623.522 3.61 -0.09 ¢+ 0.03 7.3 ¢ 0.1
3789.07 3.44 0.36 + 0.06 6.6 £+ 0.1
3803.61 3.43 2,06 + 0.20 5.9 ¢ 0.1
3847,53 3.38 ' 2,14 ¢ 0.21 5.8 £ 0.1
3866.77 ~ 3.36 - 0.96 £ 0.11 6.2 t 0.1
3867.33 3.36 2.94 + 0.28 5.7 ¢ 0.1
3876.62 3.35 .07 + 0.1 6.1 ¢t 0.1
3890.58 3.34 3.18 + 0.33 5.6 £ 0.1
3934,49 3.30 : 1.31 ¢t 0.15 6,0 £ 0.1
3954,93 3.27 , 1.33 ¢+ 0.13 6.0 £ 0.1
4017.48 3. 21 0.47 £ 0.06 6.4 ¢+ 0.1
4037.89 3.19 1.12 ¢ 0.11 6.0 £ 0.1
4ou1.87 3.19 0.14 ¢+ 0,02 6.9 ¢t 0.1
4097.31 3.13 1.00 £ 0.10 6.0 £ 0.1
4336.01 2.89 0.16 + 0.04 6.7 t 0.1
4461.0u 2,77 " 0.49 + 0.05 6.1 ¢ 0.1
4509.14 2,72 0.19 + 0.06 6.5 ¢ 0.1
4577,32 2.65 ' 0.49 t 0.06 6.2 + 0.1
4620.01 2.61 © 0.56 ¢ 0.13 5.9 £+ 0.1
4714.48 2.52 0.50 ¢ 0.06 5.9 ¢ 0.1
4790.52 2.43 0.15 ¢ 0,04 6.4 £ 0.1
4912,86 2.32 0.58 ¢ 0.07 5.7 £ 0.1
4991, 23 2,24 0.31 £ 0.04 5.9 £ 0.1
5012.09 2.22 N.30 t 0.01 5,9 ¢ 0.1
5384,.52 1.85 0.61 + 0.06 5.3 ¢ 0.1
5395.72 1.83 0.30 + 0.0u4 5.6 £ 0.1
5413.66 1.82 0.32 ¢+ 0.05 5.5 ¢ 0.1
5601.16 1.63 0.25 ¢ 0.05 5.4 ¢ 0.1
5631.08 1.60 0.51 + 0.06 5.1 £ 0.1
5775.32 1.45 0.20 + 0.04 5.3 ¢+ 0.1
6000.36 1.23 0.72 + 0.08 4,5 ¢+ 0.1
6096.53 1.13 0.20 + 0.03 4.9 £ 0.1
6260,55 0.97 0.37 £ 0.04 4.4 £ 0.1
6272.66 0.96 0.51 £ 0.05 4.2 £ 0.1
6277.30 0.95 0.28 + 0,04 4,5 ¢ 0.1
6707.23 0.52 0.30 £ 0.03 3.5 £ 0.2

- D A - - - o R R D P AR GRS G D S WS W G G En WP WD W P D W Ge W U WD WP AR R AR W e W W WS GRS W WD W W - -
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Table 18. Beta branchings and lcgft values for 93Kr decay.

D W - G L D L D - D P e wn P D G R A A S W A e e e A D MG D D . - e - - -

Rb Levels Beta Endpoint Per Cent Beta Logft1
(keV) Energy (MeV) . Branching :
0.00 7.51 ' O ' -

253,342 7.26 3.01 £ 2,47 6.5 ¢+ 0.4

266,82 7.24 7.20 £ 1,13 6.1 £ 0.1
323.95 7.19 ' 12.87 + 1.36 5.8 = 0.1
506. 02 7.00 12,57 £ 1,22 5.8 £+ 0.1
820,482 6.69 - 0.57 ¢ 0.27 7.0 £ 0.2

1350, 18 6.16 : O -

1557.50 5.95 o) : _ -

1562.97 5.95 3.02 £ 0,16 . 6.1 ¢ 0.1

1641,08 5.87 O -

1642,.28 5.87 ' g ¢ : =

1688.672 5.82 0.19 + 0.12 7.2 ¢+ 0.3

1850, 022 5.66 0.76 + 0.10 . 6.6 £ 0.1

1880.25 5.63 2,49 £+ 0.14 6.1 £ 0.1

1964,58 5.55 1.06 £ 0.12 6.4 £ 0.1

2009, 27 5.50 : 1.90 ¢+ 0. 11 6.1 £ 0.1

2083,.8uz2 5.43 0.14 + 0.06 7.3 £ 0.2

2169.10 5.34 Voo -

2210,532 5.30 0,45 £ 0.13 6.7 £ 0.1

2264, 81 5.25 0 . -

2285.,7 5.22 .1.51 £ 0.16 6.1 £ 0.1

2609,.43 4,90 0 -

2664,81 4,85 0.42 + 0,16 6.5 & 0.2

2745, 21 4.76 0 -

2814,.85 4,70 v 2,18 + 0, 14 5.8 + 0.1

2855,90 4,65 21.39 ¢ 0.79 4,8 t 0.1

3001.95 4,51 4,28 £ 0.22 S.4 £ 0.1

3063.29 4.,u5 2.60 ¢t 0.12 5.6 £ 0.1

3245,06 4,26 0.20 + 0.08 6.6 + 0.2

3265.12 4,24 0.26 £ 0,20 6.5 £ 0.3

3280.05 4,23 0.86 + 0.08 6.0 £ 0.1

3308, 28 4,20 0.69 + 0.06 6.1 £ 0.1

3358.672 4,15 0.11 + 0,10 6.8 + 0.4

3464.72 4.05 0.73 £ 0.40 6.0 £ 0.2

1Calculated using a Q-value of 7.51 + 0.05 MeV and a half-
life of 1.289 % 0.012 sec.

2Logfi 1t > 8.5, so first-forbidden unique transitions cannot
be excluded.
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Table 18, (Continued)

- —— A - R e D . S D A YD Em WS S R e - s = e P D m YR AP W A G WS e - AR R WR S NN AR W ae T w wa ae

Rb Levels Beta Endpoint Per Cent Beta Logﬁ;l

(keV) Energy (MeV) Branching
- 3493.57 4.02 - 1.09 ¢ 0.09 5.8 ¢ 0.1
3551.47 3.96 .73 £ 0.11 5.5 ¢ 0.1
3631.50 - 3.88 0.38 ¢+ 0.05 6.2 £ 0.1
3733.92 3.78 0.23 £+ 0.13 6.3 t 0.2
3777.10 3.73 0.40 % 0.07 6.1 ¢ 0.1
3800.89 . 3.71 0.23 ¢+ 0.06 6.3 + 0.1
4050.62 3.U46 0O.46 + 0.11 5.9 £ 0.1
4080.51 3.43 0.91 + 0.11 5.5 £ 0.1
4861.48 2.65 0.57 + 0,08 5.3 £ 0.1
5048.89 2.u46 0.30 £ 0.03 5.4t 0.1
5237.57 2.27 A 0.52 ¢+ 0.04 5.0 £ 0.1
5491, 67 2.02 0.72 £ 0.06 4.7 £ 0,1
5496.18 2.01 0.75 + 0.07 .7 + 0.1
5665, 40 1.84 - 0.40 + 0.18 4.8 + 0.2
5759.60 1.75 0.53 + 0,10 4,6 + 0.1
5859.73 1.65 .11 £+ 0.09 4,1 ¢+ 0.1
5920.23 ' 1,59 1.49 ¢+ 0,11 3.9 ¢+ 0.1
5965. 36 1.54 .37 £ 0.11 3.9 £ 0.1
6070.40 L 1.44 0.30 + 0.02 4,5 ¢ 0.1
6259.98 1.25 0.31 + 0.09 4.2 £ 0,1
6572.10 0.94 0.51 ¢+ 0.04 3.5 £ 0.1
6725.45 0.78 1.40 + 0.4 2.8 + 0.1

- - e W o i A €D D DGR W S S . —— v — D 4D D M W ARG T e An i . - A D WD YR WP WP GV WY R WD D W R - -
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valﬁe for this Q-valué should be preferred. ‘Tﬂis disagrees
with the Q-vélue adopted in the recent compilation on the A =
93 mass chain (48), wheré a value of 4,1 MeV was adopted on
thé basis of syétemafics. |

Finally, in Table 18 the last two lejels listed are as-
signed logft values which are rather low. However, since
these levels have confidence indices of 2 and 3 respéctively,
it may be that thesé levels do not actﬁally exist. As a re-
sult no attempt will be made in this studf to expléin why

these unusually Iow\#alues were observed.
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V. DISCUSSION

" The original shell model cf Mayér and Jensen (49) re-
sulted in level orderings_which were the'same‘for both pro-
tons and neutrons. Above N,Z = 38 the ordering of the
nucleon-single—particleAstates was foﬁnd-to be; -

2131/é . ‘|gg/2 R 1g7/2_, 2d5/2, 2&3/2‘,. 351/2 r s e e

Hovwever, the ordering of the neutron single-particle states
is rov known to differ from this scheme and has the sequence;
2d ‘

24 3s

1 : | e o o
5/21 1/21 g7/2' 3/27

2p bz', 1g-9/2 . ‘
for the region near A = 90 (50). This ordering results from’
solving the Schroedingef equation for the_casé'of a single
particle in a spherical potential well with spin-orbit
coupling. The solutioﬂs of this equation indicate that as A
increases the separation between the 197,/2 orbit and 2624
orbit decreases faster than *he separation between the 351/2
and 2d§é orbits. Experimental evidence (51) also exists to
indicate that this trend dces cccur and that, in fact, the
1g-,/i orbit falls faster than the theory indicates, As a re-
sult the level ordering for the neutron single-particle
states above N = 50 may be either

24 S, 19 74 0 3s 1 24 VIRARERIE

or

19 7 2d 5, ¢ 3s 1, 24 g0t |

This ordering will be important in determining the ground-

state spin and parity of 93Sr and 93Kr.
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A. Level Structure of 93Y
If we assume tha*t 88Sr is an inert core for'thié nuclide
we are left with a single proton andifour‘neuﬁroﬁs outside
this core. The shéll modél prédiCts that.fhe iow?lying con-

figurations for the level scheme of 93Y should be;

m2p V(208 - 1/2s
(19 5, ) Vv(2d 5, )% 9/2¢
nl (29 5, )71 (20 1, 131v(2 5, ) ¢ 3/2-
nl (1€5,)=2(2p 1, ) §Iv(2a 5, ) 3 5/2-
m(2p ) v(2d s 08 3/2-, 5/2-
L (1€5,)=4(2p 1, 1 §Iv(2d 5, ) 8 7/2-

with the resulting spin and parity possibilities given above,
Since the 1g 7, orbit is observed to lie very near the 2656
orbit the neutron'configuratiqn admixtures.v[(Zd 5&)5

(19 7/2)%] and v(1g 7/2)3 prcbabiy cgntribgte significantly and
may, in fact, be fhe dominant configurations for describing
thesé,levels. Regardless of the neutron configuration howev-
er, thes=2 same spin and parity possibilities will result from
coupling the odd particle qr‘hole'to the 0+ and 2+ even-
particle excitations. Therefere, for the sake of simplicity,

'y

the neutron configuration will be assumed to be (24 s )
_ 2

93Y ground-state (JTT = 1/2=): The reaction studies of
Preedom, et al. (27) and Muller (52) indicate a spin-parity

assignment of 1/2- for this grcund state. This spin-rparity
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assignment is’consisteht with the *trend established by otﬁer
- 0dd-A yttrium isotopes. Such a state can be explained in
terms of the seniority-one state formed by coupling the 2plé
proton *to the 0+ state of the neutron configurétibn. The
above assignment is also ccnsistent with the lack of'beta
feeding *o fhis lével in the decéy of 93sr which presumably
has a (7/2%) gfouna state, as discussed below,v |
590.2-keV level (J'TT = 3/2-): The reactipn studies pre-
viously cited indicate a 3/2- spin-parity asSignmént for this
level. Internal conversion coefficient measurements by sev-
aral authors (22,26,28) as well as the half-life measurement
by Caselle, g;Ag;. (29) have established the E3 characfer of
+he 169-keV transition feediﬁg this level., Based on this in-
formation and the 9/2+ spin and parity of the 759 -keV level
it ic possible to restrict the spin-parity value for this
level to 3/2-. Again this is consistent with the lack cf
beta‘feeding from the (7/2%) groundAstate of 93Sr. An Lp = 1
distribution was measured for this level in the 942Zr (d,3He)
reaction study (27). Thus this stat2 is most likely the re-
sult cf coupling a 2p Y, proton hole to the ground state of
the neutron confighrafion. Vervier (13) calculates +that a
second 3/2— state should be observed at an energy of approxi-
mately 0.8 MeV from the coupling of a p 1, proton to the 2+
state of the neutron configuration. The possibility of con-

figuration mixing between these two states could be responsi-
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ble for *he deppesséd energy cf +he 3/2-'holé state as ccﬁ-
pared with its enéfgy ir the 89Y level scheme. Such mixing
would also result iﬁ an increased energy for the 3/2- state
predicted by Vervier, | |

758.8-keV level (JTr = 9/2;): This level was observed iﬂ
the reaction work of Preedom, et al. (27) and givén'a‘spin-
‘éarity assignment of 9/2+. The shell mddel predicts SQCh a
low-1lying 9/2+ levél and a level with this spin and-parity
was previously ébserved in the level schemes of 89Y and 91y
at approximatély the same energy. Also this level was the
only Lp = 4 transfer detected in the reaction study of Réf.
27. Excitation of the o0dd proton to the nearby 1g Y, orbit
accompanied by the even neutron ground-state coupling wouid
explain such a state. Because “he logft value deterﬁined
from the beta feeding of thié level was used to determine the
spin and parity of the 93Sr ground state it is, of course,
consistent with that assignment.

875.8~-keV level (JTT = £/2—-): The spin-parity assignment"
for this level was based on toth previously cited reacticn
studies., This identification is in agreemeﬂt with the:
intense ground-state ﬁransition and the weaker first excited-
sta*e transition which are observed to depopulate this level.
In both reaction studies the angular distribution for this
level was fit with an Lp = 3 distribution indicating that the

dominant proton configuration is a 1f aaproton-hole state.
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Again Vervier has predicted a 5/2- state at approximately 1.0
MeV fdrmed frcmAcouplingAa 2pl/2 ptoton Qith the 2+ state‘of
the neﬁtron configuration, If we assume tha*t configuration
mixing occurs, tﬁe fwo leﬁels will repel each other and
poséibly account for'the lowered energy of éhe 5/2- hole
state and the increésed'energy of the }svel predicted by
Vervier. |

1135, 9-keV level (37 = 7,2-): 'This level was obsérved
in the reaction étudy by Muller (52) where it was determined
to have a possible spin and rarity of 7/2-. From the 93sr
decay, we can limit the spin and parity values to 5/2+, 7/2-
on the basis of gamma-ray trahsitions and beta feeding. An Lp
= 3 distribution was determined for this level so that it
most likely contains a comronent resulting.froﬁ a 1f?é
proton-hole configuration. Because of the overlap with 7/2-
value determined in the reacticn study this value has been
chosen. There is another 7/2— state ét 1300.5 keV but it was
not observed in the reac*icn studies and its energy agfeeé
quite well with that éxpected (13) for a state reéulting from
the coupling of a 2p,A proton with the 8+ state of the neu-
tron configﬁration. However, because there is significant:
beta feeding to £he level at 1300.5-keV it seems that the
latter level would have o ccntain an admixura of this T7/2-

prcton hole state.
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1277.9-kev level (3" = 3,2-,5/2-): Preedonm, et al. (27
observe a doublet at 1.28 MeV with possible spins of 1/2- or
?3/24 and 5/2- while Muller (52) is'able to limit the spins of
this multiplet to 3/2-_and.5/2; at an energy of 1.302 uév.,
In the present‘wofk thefe are tﬁree leQéis at eneréiés 6f
1278, 1300 and 1309 keV. Since the 1300-keV level éég be
limited to the spin-parity possibilities (5/2*,7/2;) cn the
basié of gamma-ray'transitions fo the'firét and éecond
excited étatés this-levei»is ndtva mémber of the doublet ob-
served in fhe reaction‘studies.l As a result, fhe levels ﬁt
1278 and 1309 kev afe,limiﬁed to spin-parity values of 3/2-
and 5/2-. The same rest;ictions are propqséd on the basis of
gamma-ray transitions and beta feedingxso that no furthef
limitation is possible., fcr the 3/2- level an L_ = 1 diétri;

P
bution was observed in both reaction studies while an L_ = 3

P
distribution was observed for the 5/2- level. If the spin-
parity assignment is 3/2- then the level can be descfibea'as
containing admixtures of thelconfigurations obfained from
coupling a 2p l, proton to the 2+ state of thg even neﬁtron
configuration and coupling a 2p Y, proton hole to the ground
state of the same neutron configuration. The 5/2—- level
probably contains a large admixture of the configﬁration re-

sulting from coupling a 1f 5 proton hole state to the ground

state of the neutron configuration while the dominant config-



112

‘uration results frcm{couplingha 2p Y, préton hole state to
the ground state of that same'neutrqn configurétion;

1300.5-keV ievel (JTr = 7/25):"As discussed above fhe
spin~parity assignment for this lévél can be limited to 5/2+
or 7/2- or *the basis of the 9335r decay scheme. Thé-7/24 pos-
sibility was chosen because of the'eicellent energy agréemeﬁt
with a 7/72- level cal;ulafedAby.Vervier +0 be at apprbximate44
ly 1.32 Mev., If this assignﬁent is correct the level can be
deséribed as resulting from_coupling a 2p Y, proton to the u+
state of the neutrcn'cénfiguration. But in order to account
for the beta feeding to this level, an admixture of thé'7/2-
hole state would have to.be péstulated. It is not obvious .
from the present study that such an admixture exists.,

1308. 6-keV level (3" = 3/24 or 5)2-): This ievel is
assumed to be»thé second member of the doublet near 1300 keV
observed in both reaction studies., As before, tﬁe gamma?ray
transitions and beta feedirg imposé 3/2= or 5/2- limitafions
on possible spin-parity values and no def;nite choice can'be
méde between these possibilities.

1542, 7-keV (3" = 3/2- or 5/2-): Since no beta feeding
to this level 1is observed, the spin-parity values possible
are determined by the gamma-ray transitions to the ground
state (1/2—) and the level at 1136-keV (7/2-).

1647, 1-keV level (3" = 5/2+,7/2¢,9/27): This level was

observed in the reaction study by Muller but no statement vas
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'maAe ¢oncerning its'spin'or parify. fhe values quoted he:e
for_the spin and parity were established by intense gamma-ray'
trarsitions tc the first-'énd éeéond-exdited states and a
logft value of 6.4 for beta feeding to this level. Verviér'
calculated an ehergy of approximatély‘1.63 MeV for a 9/2- .
level, which.maylbe assoéi;ted with this level, becausehbf
this energy similarity. If this assignment is correc£ thé
level would be described.by the configuration fesulting from
coupling a 2p b, prdton'to ihe U+ state of thg even neutron
cpnfiguratién. Again, however, there is a rather large per-
centage of beta féeding'to this level which contradicts its
assumed collective character, Because of these complications
it is impossible to 1imit the possibilities‘for the spin and
paritf.df this level. |

The levels at .1695.5 keV, 1786.3 keV and 1911.5 keV
could only be limitead to ﬁhe J™ possiblities of
(3/2-,5/2+,7/27). These values were all determined on the
basis of gamma-ray transitions to the 3/2- first excited
state ard logft values between 7.2 and 8.1. Muller rerorts a
level at 1.89 MeV with a spin-parity value of (5/2-) which is
probably the level reported here at 1911 keV. Therefore a
value of 5/2- is preferred for thié level. Muller alsc
reports a (9/2-) level at 1.72 MeV which was not observed in

this work.,
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The other four levels below 2.10 MeV could not be limit- B
.ed to fewer than four‘values'for the spin nor could the
parity of the levels be determined. . However, the level at
2056 keV may be the 5/2~:1eve1 observed at thié'same énergy
bf ﬁuller. Because of this enefgy eqﬁivalence, a spin-parity
assignment of 5/2- for this levelvwill be assumed.

2129, 1-keV level (3" = 3/2- or 5/2-): The possible
.valqes for the spin-parity of tﬁis 1eyel were established by
the gamma-ray transition feeding the‘1/2- ground s#ate ahdAa
logft value of 7.7. _ |

2355.6-keV level (J" = 5/21,7/2—5: The spin-parity
values for this level were'defermined by. an intense garma-ray
transition to the 3/2- first-excited state and a 1og§; value
of 7.0. Muller reports a doublet at 2.37 MeV composed of
states with spin-parity values of 3/2- and 9/2-. Since
neither of these values lies in +he range given abovse it
appears that a different level was observed in the present
work. | _

2364,8-keV level (J" = 5/2~): The single value of 5/2-
for the spin-parity of this level wés established by an
intense ground-state transition and a lo§§; value of 6.7.
Since a strong argument prchibits the spin-parity assignment
of 3/2~ this level cannot be a member of the doublet observed

by Muller at an energy of 2.37 MeV,
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2543.9-keV level (J“ = 5/2-): Again the single value of
5/2— for *he spin and ‘parity was béséd oﬁ an intense ground-
state transiticn and a;lpggg value of 6.3. This level was
feported in both previously cited teaqtién.studieé sut Muller
_was unable to détermiﬁe ite J.valﬁe. .He did, ﬁbnétﬁeless;
determine from the distribution for this level that lp > 1
while Preedom, et al. (27) otserved an Lp = 1 distribution
for this level. If Lp > 1, then the 5/2— assignment is pos;
'sible and in égreeﬁent with the observed 1og§3 value. ‘

The levels at 2569.9 keV and 2574.9 keV both have
intense transitions +to the 5/2- 1evel ;t:875.8 kév and a-
logft value of 5.8. Because of the allowed character cf
thesse beta transitions the parity of‘these levélé mﬁst Se
positive but the spin may be.eitﬁer 5/2 or 7/2,4 The levei ét
2553.9 keV is not beta fed and too few gammé-iay'transitiéns“
are observed to provide reaéonablellimits for the spin and
parity values possible for this level. |

2687.7-keV level (J" = 5/2*):"AsAa result of £he
intense ground-state trapsition depopulating this level,’the
spin is limited to J < 5/2. Because the logft value for this
level is 5.4 it is also true.fhat 5/2 £ J € 9/2 and the
parity is positive. These considerations lead to the final
spin-parity assignment of 5/2+.

The spin of the levels at 2769.9 keV, 2820.6 keV, 2886.5

keV and 4263.6 keV can be limited to the values of 5/2 and
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7/2.  Of these levels, the fi;st and the iast havé positive
parity as determined by'allowéd beté feeding of thése levels;
The levels at 2820 kev and 2886 keV mostilikeiy éorrespond.
to the leﬁelé At 2.8a’uev'and 2.91 Mev.observed by ﬁuller.

In thaf work no sPin-parity assiqnménts wére made for these
two levelé-sd that only their ekistence ié verifie&. |
Preedom, et al. report a leQel at 2.§3 MeV ﬁhich may be the
level reported by Muller at 2.97 Me?. In the study by
Preedom, a spinQPafity assignment of eifher 12— or 3/2- is
made. Since thé‘2886;kev leﬁel has a logft value of 6.4, a
strong argument limits the possible values for this level to
(5/2+,7/2+,9/2%t). The difference in Fossible spin values be-
tween these studies prohibits any positive statementé cn the
spin or parity of this level, which may not be that obéerved'
in the reaction studies.,

The level at 2777.9 keV is not beta fed and is depopu-
lated only by two rather weak gamma-ray transitions. As a
result a large range of spin-parity aSsignments are poséible.
The level at 2783.6 keV is limitéd'in spin to the values
(5,2,7/2,9/2) because of beta feeding with a logft value of
6.1. The 30C7.0-keV 1e§el is assigned-a spin-parity value of
(5/2-) because of the presence of a ground-state ‘transition
and a logft value of 6.2.

3116.1-keV level (J" = 5/2-): This level was observed

by Muller in his reaction study and determined to have possi-
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- ble spin-pafity values of (5/2-,7/2-).’vBecause a ground-
state transition is known to depopulate.this level and the
level is fed in beta decay wlth a logft value of 6.6 a stin-
parity a551gnment of (5/2-) is made. i |
Finally, the levels at 38204.4 keV, 3875(3 keV, 3894.8
keV and 4119.7 keV have the range of spiﬁ—parity values
(5/2+,7/2+,9/2+). This conclusibn results from beta feeding
to these levels with logft values: whlch are less than £.9.
In an effective interaction calculatlon for the levels
of 93y, yerv1er assumed that the odd rroton is elther a Zp}A
or a 1g % and that the peut;ons are all 24 5, By coupling
the o0dd protcn to the.possible excitations of the even neu-
tron configuration he obtained sequences of positi?e ahd'negf '
ative parity states. The energies of the levels in each se- |
quence were determined by the energy separation of the 0%,
2+, and u+ étates in-95Zr. The relative positions oé fhe tﬁo.
sequeﬁces was then determined from the single-particle energy
difference for a 2pr and a ngé protbn. The resulting
level scheme does not agree very well with the experimental.
level scheme reported in the present work. Due to a lack of
experimental information Vervier was unable to include any
prcton hole states in his calculation. Since the reaction
studies indicate that these cogfigurations are dominant even
at fairly low energies the calculation would appear to'bé of

limited value. It does, hcwever, appear to predict fairly
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accuratelyAthé energies of the 7/2- and 9/2- states formed
from coupling the 2pfﬁ prctcn to the 4+ state of the even
neutrcn configuration. - As has been noted above, the signifi-
-cant beta‘feedings.of these levels disagrees QithAsuch
collective character.v Thereforé; the ehérgy agreémeﬁt 6b-
served is probably entirely cqincidenfal. This calculation
was repeated, as part of this study, usiﬁé the enérgy separa-
tion'of the 0+, 2+, and Q+ levels in 92sr, Tha£ caicdlation |
gives a better fit for the 3/2- and 5/2- levels but it also
predicfs éxtremely large energies for the 7/2-~and 9/2-
levels, Since tﬁe 3/2- and 5/2- levels arelnow known to re-
sult from different configurations this calculation results
in even poorer agreementiﬁith ekpefiment. |

These results indicate that instéad of changing the neu-
troen éxcitation energies the correct approach would be to
enlarge the configuratién space used .in the calculation. If
the proton-hole configurations n((zp 7§)~1(2p V&)zl and
mf (£ §&)1(2p 95)2] were included, configuration mixing be-
tween the resulting states might lead to the reduced energies
observed for the 3/2- and &/2- lévels. This approach would
also provide the larger number of low-lying negative parity

states which is observed experimentally.

B. Level Structure of 93Sr
As in the discussion of the 93Y level scheme we will as-

sume that 88Sr acts as an inert core. For the 93Sr nucleus
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the protons are assdmed to cémplete a shell closure at % =
38. Therefore the odd neutror will determine the character
of the low-lying,lévels. The shell model predicts that the

.most likely cdd neutron configurations would be those given

below;

. v (24 5/2)5 5/2+
V[ (23 5,)4(351,)] 12+
V[ (28 5,) % (19 7, ] 172+
V[ (24 %)%(19 7/2)'3]‘ ,7/2+
V[ (24 5,) §(2d 3,) ] 3/2¢

with the resulting spin and parity values listed. Again it
should be mentioned thatlsince the 1g A orbit probably lies
very close in energy to the 24 5, o;bit;_configuration mixing
with such neutron configurations should also be included.
For example, the v (24 7&)5 configﬁration probably containsv
admixtures of the cﬁnfigurations v[(éd 5&)3(1g 75)2] and
v (24 ?&)(1g 75)‘]' These mixings will, of course, also
lead to a multiplicity of the states mentioned above,  For
the sake of simplicity we'uill‘again denote ﬁhe even neutfon
configurations by v(2d 3&)‘. |

93sr Gfound-state (JTT = 7/2%): Beta feeding to the
758.8-keV (9/2+) and 875.8-keV (5/2-) levels in 93Y with
logft values of 7.3 and 7.8 respectively limit the possible
spin-parity values to (5/2-,7/2%,9/2%). Since'all the low-

lying states are expected to be positive parity from the
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shell model, it seems féascnéble to limif the possibilifies
‘to (7/2+,9/2+). 1In the initial discuésion of Section V it
was mentiqned'that the 197& level was aeségnding toward the
24 5/, level as;pro£on and neutrdn pairs ére added to the,aﬁsr
ﬁucleus. Evidéntly the 192& level hags fallen far enough ﬁo
lie below the 2d s, level although it is surprising to see

‘ this‘occurifof such a low neutron nﬁmber (N = 55). It may
also be +that a second 7/2+ state, résulting from the |
proﬁotion of a pair of neutrons from the 2d.§&'tq fhe'igié
orbif, is present at fairly low energy. ,The‘configurafion
interaction between these twc states would result in a
lowered energy for the lower lying 7/2+ state. 1If this re-
pulsion were large enough it could explain the observed 7/2+
ground state. A value of 3/2+ would be much more likely on
the basis of the shell model but iﬁconsitent with the logf:
values measured. The inpernal conversion coeffiéient for the
169-keV E3 transition depopulating the 9/2*.1evel in 93Y can
determine whether or not this level is beta fed. If the in-
ternal conversion coefficien+ were small enough this 1eve1
would not be beté fed while the 590.2-keV (3/2" level would
be. This would result in possiﬁle J" values of (3/2+,5/2+).
For this to cccur, however, the internél conversion coeffi-
cient would have to be 0.563. Four internal conversion coef-
ficient measurements have now been made (22,26,28,34), the

average of which exactly equals the theoretical value cf
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0.920 determined by Hager and Seltzer- (53) for E3 multipolaf¥
ity. The extremely low value for o nebesséry tc.aSSiQn.a a”
value of 5/2+ for thé_grouhd state of 93Sr‘therefore seens
highly unlikely. Aiso,'oyér 99% of the‘gamma-ray ihtensity}A
obéerved has been élaced'in thé 1§Vei SCEGme. Cohsegﬁently,‘
even if all the unplaced gahma rays arevplaced feeding the
759.9-kev level an intensify'imbalénée would still'eiist and.
the level wduld,haQe to-bevfed';n beta decay.

No reaction}studies have Lbeen maaebof the levels'ﬁfﬂéasr
so it is not poséible‘to assign spins and pafifies on the
basis of comparisoh with'such‘wofks. Furthermore,,although'A
Achterberg, et al. (28) have propoSed'multipolafities for tﬁe
213.4-, 219,2-, and 432,.5-keV tranéitions, these.values are
suspect because of the low-lyinélodd-parity levellwhich re-
sults. If the 219.2- and 432.5-keV transitions are both E1
the level at 432.5 keV must have negativé parity.. The pres-
ance of such a 1ow-lyiﬁg negative~-parity stafe cannot be ex-
plained on the basis of the éphérical potential shell nmodel.
A negative-parity state at this low energy ié also inconéist-
ent with the predominance cf positive-patity states in this
energy region in other odd-A strontium isotopeé. In an |
earlier work on the decay cf 91Kr, Achterberg, et al. (54)
had reported a posifive-périty state in the level scheme of
91Rb., The parity was based on the supposed E1 multipolarity

of thé transition depopulating that level. 1In a later study,
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Wohn, et al. (55) established that the hultipolafity of this
transition was M1 and ﬁot E1 and that'therefore no chanée ih
pafity occurs. It appéats that such a situation has occurred
agéin; especially since the internal conyersidn,cdefficients
used to ﬁake the'ﬁhltipolarity assignménfs are b;Sed on the
absence of'conversion eiectron peaks réther than . a fit‘of #he
- conversion peaks‘themseIGes;. Hence Sfpin and parity assign¥
ments will be made.without making use of the proéoseé E1 mul-
tipoiarity of thése two transitions. in order to make scme
reasonablé agsumptions for the spins and parities of the
-levels in 93s5r it will therefore be neceséafy to déte;mine
the éround-state spin and périty of 93Rb; In the'discussion
of the next section it wiil be afgued that the most likeiy
spin-parity assignment for this ground state is (5/2-).

213. 4-keV level (JTr = 5/2+,7/2%+,9/2%): Using thé‘knownA
(28) E2 plus M1 charactef cf the 213.4-keV gamma-ray transi-
tion depopulating this levél, it is possible to limit the
range of spin-parity values to (5/2*,7/2+,9/2+).- This level
is also fed in beta deéay with a logft value of 7.9 which
limits the spin-parity aésighment to a range of values
including all of the above sprin and parities. Thus; no fur-
ther restriction on the épin can be .made. Since the 2d 5
and 1g ?E orhits appear to be very close in energy the spin-

parity éssignment 5/2+ would be favored.
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Because the gfound étate is the cnly level iiﬁited to a
single value fof thé spin and parity very 1ittle else ca# be
.said concerning spip-pariiy'aésignmehts for the chet ievels
of 93sr. The few statements that can be made cénéerning
spin-parity assignments, éiven the tofai lack cf Suppottivé‘
reaction data, are compiled in:Tablé 19,

Table 19. Spin-parifylassignments for 9.3.Sr level §cheme.
Jm Assigrnments 'i: Level Ehérgiesv(keV)

(3/2t,5/2%,7/2¢) 2979.9, 3603.2, 3866.8, 4017.5,
4037.5, 4041.9, 4097.3, 4336.0,
4509,1, 4577.5, 4620.0, 4714.5,
4790.5, 4991.2, 5012.1

(3/2+,5/2¢,7/2¢)  3789.1, 3803.6, 3876.6, 3934.5,

(3/2—,5/2-,7/27) 3847.5, 4913.0, 5384.5, 5413,7,
: - 5601.2, 5631.1, 5775.3, 6000.4,
6096.5, 6260.5, 6272.8, 6277.3,
6707.2 ‘ ‘ _
(5/2=,7/2-) . 3867.3, 3890.6, 5395.7
The levels having spin-parity possibilities of 3/2%,
5/2t,7/2+ were fed in beta decay with logf,t values less than
8.5. The levels with spin-parity possibilities
3/2+,5/2+,7/2% were also fed in beta decay with logf,t less
than 8.5 but in addition were depopulated by a ground-state

transtion. Those levels fed in befa decay with logft < 5.9

could be 1limited to the spin possibilities 3/2, 5/2, 7/2 with
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negative parity. If a ground-state tranéition is observed to
depopulate éuch a levei the.épin was further restricted to
5/2, /2. The.only single-pértiéle states which appear to be
identifisd are the ground state and the first excited state.
One would alsc expect to see-léwflying single-particle étates
w‘fh spins and parities of 1/2+"nd 3/2* ‘but until more
definite statements can be made about the Spln parlty assign-
ments of the 1 els in 93Sr no furth=r 1dent1f1catlon will be

possible.

C. level Structure of . 93Rb
In terms of the 88Sr inert core the active nucleons in
the 93Rb nucleus consist of a proton hole and six neutrons.
For the low-1lying states the’neutroné ére assumed fo be
coupled to zero so that the dominant configufations_fof these
levels should result from the possible proton hole states.
Based on the shell model the most likely nucléoh configura-

tions are

T(2p 3, )iV (2 5, ) 6 32
mT(1€ 5% )y—1v (24 S )e 5/2-
m{1f A y—tv (24 5/, ye 7/2-

with the resulting spin and parity values given above., For
simplicity the even neutron configurations have again been .
denoted as 2d§4 . As before there are probably lafge
admixtures of the neu*rcn configurations (2d54 )°(1q?4 )?,

(ZGSA )2(197A )4, and (1914 Y. In fact, the last configura-
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tion may be the dominant neutrcn cbhfigurafibn._

93Rb Ground-state (q" = 5/2-): On the basis of the
shell model the most_likelf nucleon configuration for the
ground state ariseé'frcm ccﬁpling the proton hole S£ate_to
the ground-state neéutron coﬁfigutation.. In.£he §7Rb, 99Rb(
and °1Rb (51,56,54) level schemes the gfoﬁﬁd state is 3/2“4
and the first first excited state is 5/2;.‘ Howevér, the sep-
aration Between these levels is decrgééing'as the number of
neutrons is increased, Therefore the‘93Rb ground statGVMay
be either 3/2- or 5/2- based on these systematics. Since the
7/2+ ground state of 935t is beta fed in the decay of 93R5
with a logft value of 5.8, the possible spiﬁ values for the
93Rb ground state are 5/2, 7/2; and 9/72. The logft valué
~also indicates positive parity but, sinée'all the shell‘moael
states are of negative parity, this aséignment is unlikely,
Tt may be that the percentaée of ground-state feeding is
somewhét less since Brissot, et al. (3&)_rep6rt 42% rather
thar 59% as reported by Achterbérg, et al. (285. This dif-
ference in ground-state feeding is important since |
Achterberg, et al. argue that théir.large percentage of
ground-state feeding, along with the observed denSity cf low-
lying levels, indicates positive parity for the first five
levels. These positive-parity states are then the basis for
their observation that the 93Rb nucleus is deformed. The un-

certainty in the logft value would therefore extend beyond
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the limiting value of 5.9 for'paritj-changing decays. Based
on these arguments a'grouna-state spin-ﬁarity assignment of
(5/2-) is made; | |

The ground-state spin ana parity f6r,93kr will be defsf-:
mined by the odd,neﬁtron‘since the even-profon'configufation
is assumed to be coupled tc a £otai angular momentum of zéro.
On the basis of the shell model the_neuttéﬁ cohfigufationz
will probably be either V[(2ds, )6 (1g97,) ] or V[ (197, )6
(2d54, ) ] which indicates a spih-parity as;ignment'of 7/2+ or
5/2%+ respectively. . However, the other N = 57 isotones fd: |
which ground-state spin and parity assignmenfs héve bgen'ﬁade
(57,58) are known to have a 1,2+ groundlstate._ It_élsd |
éppears that the g;ound-étate spin'of 95sr is less thén 5/2
since feeding to the ground state 6f 95Y (1/2-) has been re-
ported (33). ThisAassighment'would_also be-consistent with
the lack of beta feeding tc. the 5/2- ground state of 93Rb‘
vhile the other values are not. As a result it seéms that a.
spin-parity of 1/2+ is most reasonable., This assignment will
be used to predict spins and parities for the 1eveis of °3Rb.
Such a spin-parity assignment might result from the néutron
configuration v[ (1g 7, )6 (3s Y, y ) or [ (24 5, )6 (3s Y, ) 1.

253.3-keV level (JTT = 3/2-,5/2=): The intense transi-
tion depopulating this level has'been determined to have an
M1 multipolarity (28) which limits the spin-parity to 3/2-,

5/2=, or 7/2-. Beta feeding to this level with a logft value



127

of 6.5 then limits the spin to 3/2'5.3-5'7/2. ‘The,iﬁtersec-
tion of these two groups limits ihe'épin-parity éssignment o
the possibilities given abcve. .Becauée fhe other odd-A
ﬁubidium iéotopes haVe ground-state spin and pafity bf 3/2°
there is probably a low-l&ing level in 93Rb with tﬁis s#me
spin and parity. As a résult,-the 3/2= value is_preferred
for this level. Suéh é state probably ;ésults fr0m coupling
a 2p 3, proton hole io the.ground state of ﬁpe even‘neptron
configuration. .

266.8-keV ie#el (3" = 1/2-, 3/2-): The groﬁﬁd-staﬁe
transition depopulating'this ievéi is reportéd to hgve an E2.
multipolarity (28).' The parity of this level is therefore
negative and the spin is 1ess fhan or equal to 9/2. Since
this level is also fed in beta decay with a logft value cf
6.1 +he spin must belless than 572, These two argumentS'lead
to the final spin-parity assignmentsllisted._ The 1/2- value
is favored since such an assignment Eould result from
promoting the odd proton tc the 2p Y, orbit, - |

324,0-keV level (J" = 3/2-): This level is depopulated
by an M1 transition (28) so that fhe spin-parity values Fos-
sible are (3/2=,5/27,7/2-). It is also fed in beta decay
with a logft value of 5.9 which implies a spin change cf zero
Qr one. The only value possible for the spin and parity is

therefore 3/2-.
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506.0~keV level (J" = 1)2-,3/2‘): Twolmi-t:ansiticns
are reported (28) *o dépopulate this'leQél. Thesa tw0'trahf
sitions ‘1m1t the spin to lecs than 7/2, ‘and because bo+h
 feed negative pahlty levols, the parl*y of +his level must
also be negative. Beta feedlng'w1th‘a loggg value of €. 9
limits +he poésibilities.to (1/21,3/2#);.ACombining iheSG.ar-
guments we find the possible.values lisfed above,

since only the ground state and the thifd excited staté
can be iimited to a singlé spinépafity poésibiiity,4feeding
of these levels, élong with beta féeding of the ie#els of
interest, will determine the éther spin-parity aésignments.
Most of these arguments would therefore be.rebetitivg. InA
order to avoid this redundancy the éssignments are prgsented
in Table 20 followed by the argumenté leading to those'aé-
signments. “

The levels assigned spin-pérityfvalues of ‘
(1/2-,3/2+,5/2-) were fed in beta decay with lcgf,t values
greater’ than 8.5. The possible values which result -from this
feeding would be (1/2+¢,3/2%,5/2-). A ground-state tfanSition
also depopulates these levels so that tﬁe 1/2%+ possibility is
very unlikely. The levels assigned the possibilifies
(1/2-,3/2t) were fed in heta decay with logf,t < 8.5 so that
the 5/2~- is eliminated. A ground-state transition again
depopulates these levels and eliminates the 1/2*+ possibility.

The possible values of (1/21}3/21,5/2-)Awere based entirely
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Table 20. Spin-parity assignments for 93Rb level scheme.

o - . e A om S S G A WY DD e wR S AP D WS WD e D D G o R MDD R G WD WD DGR WE R D W R AD W Er A e - e

(1/2-,3/2+,5/2=)  820.48, 1850.02, 3358.67

(1/2-,3/2¢) 1562,97, 3u64.72

(1/2¢,3/2+,5/2-)  1688.67, 2083.84, 2210.53

(1/2t,3/2%) 1880.25, 1964.58, 2009.27, 2285.71,
2664.81, 3245,06, 3265.12, 3280.05,
3308.28, 3631.50, 3733.92, 3777.10,
3800, 89, 4050.62 L

(1/2+,3/2+) 2814,.85, 3001.95, 3063.29, 3493,57,

: 3551,47, 4080.51, 4861, 48, 50u8,.89,
5237.57, S491.67, 5496.18, 5665.40,

5759.60, 5859.73, 5920.23, 5965.36, .
6070.40, 6259,98, 6572, 10, 6725.4°%

on beta feeding with logf,t values greater tﬁan 8.5, 'The'
po;sibilities (1/2%, 3/2%) Qere glso determined entifely by
beta feeding but in this case the logi;; values were less
than 8.5. The last group of levels has possible spin-parity
assignments of (1/2+,3/2+) béséd on beta feeding with logft
values less than 5.9. Ornly the level at 2855.9 keV can be
limited to a single spin-parity possibility. This assignment
is based on beta feeding with a logft value less than 5.9 and
a gamma-ray transition to the ground state. The only single-
particle states which appéar to be observed are the grcuhd
state and the first two excited states. The other low-lying

states gznerally have negative parity and probably result



130

from coupling‘these'singleoparticle states to the excitations
of the even neutron configuration., Not much more can be said
about the description of these states until the proton and

neutron configurations are better known for *his mass region.
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VI. CONCLUSIONS

The level schemes for 93y, 93Sr, and 93RLk all provide
grea+er detail for the decays of'93sr, 93Rb, and 93Kr tﬁan.
was ‘presented in previous attiéles‘on these deéays'
(26,28,34), 'In sone cases, espeqiaLly’tﬁat of the 93Rb
decay, these deféils have a siénificant effect on the beta
feeding of previously established.levels. Changes in these
beta feeding percéntagés, along with a re-evaluation of the
Q-value infofmation available,'result in correspohdingf-
changes in the logft vaiues for these decays. Because of the
changes in logft values which occur it is possible to aréue
that it is consistent to assign negativé parity for t+he low-
lyirg levels in 93Rb, to ccnform to the predictions of the
shell model, The positive parity bropdsed‘by Achterberg,‘gg
al. (28) requires that they postulafe the existence of a
deformed nucleus in thélcase of 93Rb.

Changes in fhe Q-values reportéd for.the decays of 93Sr
and 93Kr have also resultéd from the present work., Baced on
the logft values for the high-lying levels in 93Sr it has
been shown that a Q-value cf a;s Hev is favored. A re-
evaluation of the beta decay information'provided by
Clifford, et al. (21) has rmade it possible to calculate a

more reliable Q-value for the decay of 93Kr.
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Further work is needéd befcre reliable comparisons can
be made with the sihgle-particle shell model for this mass:
\region. ‘Measurement of thé'grdund-staté~spins of 93kr, 93Rb,
and 93sr would be exfremely useful_in ;ﬁy Eomparison with the
values prediéted,by the shell model.v Onéé thelgroﬁnd-siate
spin-parity assighﬁenfs have been made it_vould be hélﬁfﬁi if -
':ICC and angular'correlatidn studies could be pefformea.' This
information would aid in the assignment'of spihs and parifies
for the excited 1?Vels bbserﬁed in these décay séhemes. New
measurements of +*he internal conversion coefficients are es-
pecially needed for thé 219.2-keV and u3é.6-kev_transitions
in 93Sr in order to determine if the U432~keV 1eve1-they |
depopula*e is actualif a ﬁegative-parity state as suggested

by Achterberq, et al. (28).
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VII. APPENDIX A: EXPERIMENTAL NOTES

The gamma-ray energiss used to determine the calibra-

“ions fdr the mixed spectra are presented*in Table 21. The =

‘energies quoted are a weigh{ed average of the values quoted .

by Greenwood, et al. (59,60,61), Multhauf and Tirsell (62),

ard Gunnirnk, et al. (63). The intensities quoted for these

gamma rays by Gﬁnnink, et g;.A(63), Camp and Meredith (64),

Rubin, et al. (65), and Edwards et al. (66) were used to es-

tablish the detector éfficiency curve required for the

area-to-intensity . conversion.

Table 21. Gamma-ray calibration sources.

S7Co
60Co

1827,

226Ra

s WD > D - - T WP T e W W - e - e W - - -

D A - - D e S WD AR — e e W = S D D ND G PV R L S A D W - D e A WD W - - -

846.753, 1037.817, 1175.071, -1238,255, 1360.176,

1771.307, 1810.701, 1963.675, 2015.,135, 2(34.709,
2113.049, 2212,.,862, 2598.399, 3009.523, 3201,.884,
3253,342, 3272,915, 3451.068, 3547.842

122,063, 136.473

1173.210, 1332.475

31.73¢, 42,715, 67.750, 84.680, 100,105, -
116.418, 152,434, 156.387, 179.393, 198.3%6,
222,110, 229.322, 264,072, 1121.273, 1189.023,
1221.377, 123C.990, 1257.391, 1273.705, 1289.127,
1373.807, 1387.376 :

186,14, 241.96, 295.20,. 351,92, 609,27, 665,40,
742,48, 768.35, 785.80, 806.16, 934.06, 1120.28,
1155.17, 1238.13, 1280.98, 1377.64, 1401, 44,
1407.98, 1509.22, 1661.24, 1729.55, 1764,49,
1838, 33, 1847.,u44, 2118.52, 2204.14, 2447.€3

e —— AT CE T T AL ER A D D P YD WP G b wP =P WP W D G wn TS WP AP UD wn WP WS AR WD W WP GE D Wo W Wn wm W W W
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VIII., APPENDIX B: COMPUTER PROGRAMNMS

A. DISKRITE.
ﬁach data set was iniﬁially transferred f;om'the,
analyzer memory fo'a'éeven-tréck‘ﬁagneiic tapé. This tape
was used tb érévide the input dafaAfor the Variqus Eomputgr'
programs utilized in the data analysis. In order to provide
a more durable and easily accessed form for the input data,
the data sets4wére transferred from the'magnetiCJtape to a
private disk pack stored at the Iowa State‘Comﬁutétibn
" Center. The program,DISKRITE wés designed to perform the
transfer of these data seis. I+ was also poésible to correct
individual channels ard compensate for gain shifts before
adding data sets usiﬁg this program. The gain shift ¢crrec-«
+ion is linear, thﬁt is, iﬁ a peak occurs in channel x.in one
spectrum and channel X' in aﬁother the two are assumed to be
related by the equation |
| X* = AX + B.
The values of AR and B are calculaled by the program based‘on
the locations of a high- and a low-energy peak in each spec-
trum, The channel numbers of each data set are then shifted
to make the peak locations correspornd fo those given fcr the

first data set read in.
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B'. 'SK.EWAGAU.S ‘
The program SKEWGAUS was used to fit the large numter -of
peaks observed in‘theAGe(Li) detector spéﬁéré data collected
for this study. 1A reéént report by W. C. Schick,'Jf. (67)
exélainé this ptogrém andAits use in éreat‘détail so that.
only a sketch of this program will be presented here. ?heA“'
basic form for the functioh which is asSumed to fit thé
Ge (Li) dstector peaks is a Gaussian with an éiponential tail
on the low energy side.-'Because of *he incfeaséd complexit} o
resulting from several soﬁrces thé compléteAfunétién used is'
different for each of the three regibns listed below:
Region I (x < X4 .- T):
f = h[1 -1t + a(Qz-v)N]exp[v(v + 2z) ] + ht
Region II (x4 - T < X < X ): |
f = h(1 - t)exp(-z2) + ht
Region IIT (xo < x):4
| £ = h (1 + bzMyexp (-22)
where
z = (X - X,)/(/Z0)
v = T/(/?c)
(FWHY) //8In2 .

The variable parameters used here are h, the peak

o

height; x,, the peak centrcid; FWHM, the full width at half
maximum of the Gaussian; T, *the distance from the centroid to

the junction of regions I and II; t, the ratio of the tail



136

height *o peak height; é, the lowér skewness paramefer; and
b, the upper skewnesé parameter.

In most cases the upper and lower skéwness paréﬁeters
were not needed and were set equal to zero. The tail parame;
ter was used only for é few intepse low-energy peaks. ‘Thé
values of FWHM and T were linearized as functibns of energy
based on fhe best fits of several intense peaks in the spec-
trum, |

Initial estimates are required for all.péfameters buf if
the fit includes oﬁly one reak the program calcﬁlates-these'
estimates itself. If more than one peak.is to be fit the
user need only supply estimates for the peak centroids. " The
peak background may be assumed to be either linear or
quadratic and may be fit separately or along with the péak.

A standard nonlinear least squares method is used to find-the‘
best fit to the data points., Pﬁnched card output conéisting
of peak height, centfoid, area and their associated érférs ‘>

- .can be obtained for input to the program DRUDGE,

c. DRUDGE
The program DRUDGE is a sebretary program used to carry.
out the number-crunching.of converting peak centroids and
areas to energies, intensities aﬁd uncertainties. The energy
calibration is calculated by the progranm using a series of
points specified by (Channel, energy) pairs. The nonlineari-

ty of the detectors, amplifiers, and ADC's can be accounted
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for by comparing the Wtrye gammé-ray'energies.with_theeleast.
sqhare energies, E(LSQ), determined from the‘energy.celibra-;‘
tion'iine. The differenceAbetween rﬁese two valﬁes is ' R
(NONLIN). A nonlinearity curve is input to‘the prcgram'iﬁ

the form of a Series of points (E(LSQ),E(NONLIN)).‘ This-
curve is then used by the program to correct for such nonlln- o
earity. “ | |

A table of detector eff1c1ency as a functlon of energy
" nust be ’nput tc the program in order to complete the:
area-to-intensity conversion. Since a 1/u" thlck plastch
disk is used to éroteCt the end of the Ge(ii) detectpr a
table of relative attenuations versﬁs erergy is elso_reguired
as input to the program.' Betweer the input points a iog-loq'
interpolation is used to determine fheldetector efficiency
and external attenuation.

The gamma-ray energyvﬁncertaintiee are"determined,frcm
the expression

AE = SQRT ((204) 2 + (0,2 - Oap2X + Op2x2) + 0,2)

where o, is the standard deviation of the centroid, oo is the
uncertainty in the energy nonlirearity, 052s Op2, and o,y2
are the uncertainties and covariance of the leas* square line
parameters, The gamma-ray intensity uncertainties are deter-
mined assuming the uncertainty in the peak area is due mostly

to errors in the peak height. As a result the expression
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ﬁsed is
AT = A * SQRT ((20y/H)2 + (0.05)2)

where a 5% detector efficiency‘uncertaintY'is assumed.

D. EBUFFTAPE

4The program BUFFTAPE is used;to run gatés<on £he buffer
tapes on which the coincidence information is stored. 1Infor-
mation exists on the tapes in the form 0£ A/B pairs of
chanrels. The program allcwe the user to gate on(either'thé
A or the B members of the p&ifs; Up to 255 bands can'be run
during a single exeéution cf the proéram.b‘h maximumqu 108
counts can be stored in é singie éhanﬁei‘of thelogtput spec-

trum provided by this progranm.

E. iVLSURCH

This program was used to extend the deCaf schemes ﬁsinq
the energies c¢f previously kncwn levels and the enérgies of
‘thebunplaced gamma rays. Possible new levels are found which
have transitions with 0ld levels and then a search is made to
'place gamma-ray trénsitions between new levels. |

The criteria required for placing a gamma-ray tran;ition
were 1) that it match the energy difference Letween twc
levels to within the limit (DEL), 2)4that it not have heen
placed previously, 3) that it have.no crossover (éqincidence)
violations with previous placements. A new level is kept

only if 1) its energy lies between the limits ELL and EHH and
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is at least 2#DEL dis*ant frcm o*her levels, 2) is defined by
at least LNIT transitions,.and 3) has at iéaSt one t;anéition

depcpulating the level,

F. Agxiliary'Prﬁgrams

The program TICC was used tb'calculate the ﬁotél iﬁterf‘l
nal conversion coefficients for the gamma-ray ifansiticns:ob-
served in this study. The program is a modified'versipn»of
the spline interpola#ibn used by Hager and seltze: (53). It
-also allows the user to calculate intepnél q&nVersion coeffi;
cients for transitions'éf mixed ‘multipolarity.

LEAF is a secretary type program used to calculate 1e§el
energies and the per cent beta branching to eaCh level., A
list of gamma-ray energies and intensities; internal ccﬁVér+.
sion coefficients, and the per cent ground-state Beta<feeding
are required as input to the program; The gammé-ray_energies
are used to determine the level eneréies and the gamma-ray
intensityvimbalances determine the beta branching.

The program BRUTAL was used to locate peaks in the coin-
cidence spectra and calculate their energies and intensities,
In order to complete the peak location-to-energy and
area-to-intensity conversidné the program requires the input
of the energy calibration and a detector efficiency Eurve.
The intensity cf each peak in the "gate" spectrum is then
compared with its intensity in the "background" speétrum in

order to determine if there is a significant change in inten-
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sity. Since it is.boésiblg fecr the program<ta niss beaks,
especially in tﬂe fegions whére the:baquround coun£ is low,
cach spectrum was also checkead viéually ﬁo insure that all
the peaks were found. The defails_on the éxecutionlof this
»‘brogram héve been reported by'éunnink,ig;-g;; (68) ; thereforé
they will not be repeated here., | |

The progrém_LOGET.vas usedAtb Calcuiate>the Fermi func-
ticn for each of the levels fed in beta decéy. The half-life
of theiparent nucleus;_thé atomic numbér‘énd atomic weighf of
the daughter nuéleus;~and the Q-value for'£he decay are‘ref
quired as input to4the program. Using this informafion albng
with the energy and per cent beta,feeding,qf each 1eve1 fhe
program calculates the logft values for both sfétisticéi and
first forbidden unique shages, It is also possible to
correct for atomic screeﬁing, and this.has been doné fcr the
logft values reported here. This cqrrection-has the greatest

effect for high energy levels lying closé to thefQ-value for

beta decay.
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