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Gamma-ray decay schemes for 93Kr; 99Rb, and 93Srl 

Charles Jacob Bischof 

Under the supervision of w. L. Talbert, Jr. 
From th~ Department of Physics 

Iowa State University 

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

beta decays of 93Ki, 93Rb, and 93Sr using the TRISTAN en-line 

separator facility is reported. Gamma-ray singles and gamma-

gamma coincidence measur~ments were made using Ge(Li) detec-

tors. Of the 162 gamma rays observed in the decay of 93Sr, 

143, representing more than 99% of the total gamma~ray inten-

sity obs~rved, were placed in a level scheme containing 36 

levels. For the decay of 93Rb, 243 gamma rays were observed, 

of which 231 are placed in a level scheme consisting of 74 

levels. This again represents a piaceme~t of over 99% of the 

total gamma-ray intensity mea~:;ured. In the· case of the 93Kr 

decay approximately 98.5% of the obs~rv~d gamma-ray intensity 

has been accounted £6r by the proposed level scheme. !his 

results from the piacement of 2b3 of the 217 gamma rays as­

signed to this decay in a level scheme comprising 56 levels. 

Beta-bra?ching for these decays were determined from transi-

tion intensity balances. Spin and parity assignments were 

proposed, whenever possible, on the basis of gamma-ray tran-

1 USERDA Report IS-T-707. This work was performed under con­
tract W-7405-eng~82 ~ith the U. s. Energ~ ~nd Research D~vel­
opment Administration. · 
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sition probabilities and deduced logf1 valu~s. A comparison 

is ~ade with the available r~action data for the 9ay level 

scheme. In all cases an att~mpt has been made to explain 

some of the levels in terms of the nuclear shell model and 

decay systematics. 
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I. INTRODUCTION 

The discovery of fissicn occurred rather accidentally 

following Chadwick's discovery of the neutron in 1932 (1). 

In a series of experiments in 1934 Fermi (2) attempted to 

produce transuranic elements by irradiating natural uranium 

with neutrons. These irradiatioris resulted in the production 

of many different radioactivities, a fact that created much 

confusion. From 1934 thrdugh most of 1938 qu~stions concern­

iP.g the identities of these radioactive species went 

unanswered. Finally in 1939 Hahn and Strassman (3,4) provi·d­

ed conclusive·proof that scme of these radioactive species 

were isotopes of barium and lanthanum. This explanation was 

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). They 

assumed that the fissioning nucleus could be compared to the 

splittiP.g of a vibrating liquid drop. In this liquid drop 

model there were two competing terms. The first is the sur­

face potential resulting f.r.om the attractive short range nu­

clear force. The second is the Coulomb potential caused by 

the repulsive electrostatic force acting between protons. 

The total potential energy is the sum of these terms. The 
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overall po~ential will have a minimum value for a particular 

equilibrium shape of the nucleus. Any change from this shape 

results in an increase of the potential energy since the at­

trac~ive nuclear force dominates. This increase continues 

until the longer range electrostatic force becomes the domi­

nan~ factor. From that point on, the potential energy de­

creases. A potential energy barrier must therefore be over­

come in order for fission to take place •. In the case of 235U 

this energy can be exceeded by the capture of a thermal neu­

tron. Meitner and Frisch (5) predicted that the kinetic en­

ergy of these fission fragments should be around 200 MeV. 

Later that same year Frisch (6) offered experim~ntal evidence 

that the radioactive species observed by Hahn .and Strassman 

did have kinetic energies of this magnitude. 

Although the liquid drcp model describes the general 

features 6f the fission barrier it fails to explain the tend­

ency for heavy nuclei to fission asymmetrically. The fission 

yield curve for 235U illustrating 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 restrictions on 

such a transfer are (1) the potential energy is always mini­

mized and, (2) the two fragments remain in thermal 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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Figure 1. 
160 Fission product yield distribution for thermal neutron fission of 

235

U 
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der to maintain thermal equilibrium. As th~ energy of the 

captured neutron increases this restriction dominates and 

heavy nuclei display a tendency to fission symmetrically. 

such a model reproduces the fission yield curve quite well, 

except that one would expect the larger fiagment yield to 

peak near A = 132 due to the shell closures for z = 50 and N 

= 82. The broadening of the fission yield curve appears to 

be a result of the requirement th~t thermal equilibrium be 

maintained. 

The nuclear decays studied in this work are those of 

93Kr and two of its daughters 93Rb and 93Sr. The difficulty 

involved in studying these nuclei is in large 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 chain, however, we see that the cumulative yield for 

93Kr is only 0.~8% ~bile the cumulative yields for 93Rb and 

93Sr are 3.69% and 6.18% respectively (8,9). Further compli­

cation results from the fact that 93Kr and 93Rb are deiayed 

neutron emitters, with delayed neutron emission probabilities 

of 2.6 ± 0.5% and 1.65 ± 0.30%, respectively (10). Further­

more, these two isobars have rather short half-lives as il­

lustrated in Figure 2. Since the neutron number to proton 

number ratio increases with mass number for .the stable 

nuclei, the fission fragments are extremely neutron rich. 

such nuclei undergo a decay process known as beta decay. In 
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this decay ~recess an electron and an anti-neu~rino are 

ejec~ed from the nucleus. The mass number (A) thus remains 

the· same but the number of protons present increases. by one • 

. These daughter nuclei may also undergo beta decay until the 

line of beta stability is reached. As a res ul t o f the bet a 

decay.process the daughter nucleus may be left either in some 

excited state or the ground state. The largest amount of en­

ergy is rele~sed in the decay if the daughter nucleus is left 

in the ground state and this energy is called the Q-value of 

the parent nucleus. The Q-values of the nuclei examined in 

the present work are also shown in Figure 2. 

Whether or not states cf the daughter nucleus ar~ fed by 

beta decay is determined by the spins and parities of the in­

itial and final states. Final states having 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. Transiti.ons of this type are referred to as "allowed" 

transitions. "Forbidden" transitions are those cases in 

which a change of parity or ar-y other change in spin occurs. 

"Allowed" tr ansi ti ons are more probable than "for bidden" 

transitions fer comparable energy differences. Therefore, 

initial states decaying via a "for bidden" transition have 

longer lifetimes. 

The simplest assumption that can be made for the elec­

tron wave function in the theory of beta decay is that it is 
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a constant equal to its free-particle value at the center of 

the nucleus. A correction can be made for the distortion of 

this wave function·by the charge of the nu6leus. This cor­

recti6n factor is called the Fermi function and is usually 

denoted by f(Z,E) where E is the energy of the electron and Z 

is the proton number of the parent nucleus. For allowed 

transitions the theory predicts that the product f~,E)t, 

where t is the half-life of the parent nucleus, is energy in­

dependent and a function only of the spi~s and parities of 

the initial and final states. This result has also been ex­

tended to describe the electron wave functions leading to 

"forbidden" transitions and can be summarized in the beta 

decay selection rules shown in Table 1. Generally the logft 

values are given rather than the f! 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 Change 

-----------------~------------------------------------------

Allowed 0, ±1 No 

First- for bi dd.en, non unique 0, :t1 Yes 

First-forbidden, uniq1,1e ±2 Yes 

Second-forbidden 0 1 ± 1 1 ±2 1 ±3 No 

Third-forbidden 0,±1,±2,±3,±4 Yes 

---------------------------------~-----------·--------------
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B. Gamma-Ray Transitions 

After beta decay the daughter nucleus is often left in 

an excited state. This nucleus will then usually de-excite 

by means of an electromagnetic transitiori in which a.gamma 

ray is emitted. The theory of such electromagnetic pr6c€sses 

is contained in Maxwell's equations. The~e equations can· be 

expressed in terms of a vectcr potential (A) and a scalar po­

tential <•>· Nuclear states have a definite an~ular momentum 

and parity because the nuclear Hamiltonian is invariant under 

rotations and reflections. Using this fact~ it is advisable 

to carry out a multipole expansion of the vector potential 

(A). Once this is done it is the multipole potential which 

will be responsible for the el€ctromagnetic 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. This expansion can also be divided into e­

lectric and magnetic multipoles 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 rules 

for gamma-ray transitions resulting from this multipole ex­

pansion are listed in Table 2. 
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Table 2. Gamma-ray selection rules 
. . 

------------------------------------~-------~---------------

_Type Symbol Maximum Angular 
Momentum Change,L 

·Parity 
Change 

-~----------------------------------------------------------

Electric Dipole E1 1 Yes 

Magnetic Dipole M1 1 No 

Electric Quadrupole E2 2 No 

Magnetic Quadrupole M2 2 Yes 

Electric·· octupole E3 3 Yes 

Magnetic Octupole M3 3 No 

Electric Hexadecapole E4 4 ·No 

Magnetic Hexadeca pole M4 4 Yes 

The absolute transition probability for a given type of 

multipole radiation depe~ds on the wave functions describing 

the initial and final states. In most cases the resulting 

level lifetimes are quite short (1Q-12- 10-1s sec). Howev-

er, in some cases large changes in angular momentum are re-

quired which can lead to extended lifetimes. In fact, mea-

surements of such level lifetimes are useful in determining 

the multipole order of ~he transition observed. Using shell 

model wave functions and assuming single-particle transi-

tions, Weisskopf has made estimat~s of transition lifetimes 

as a function of energy and multipole order. These estimates 

for proton number 40 are shown in Figure 3. 
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c. Internal conversion 

·The internal con~ersiori p~oce~s competes with gamma-ray 

emission as a ~bde of de~excitation for excited states of 

nuclei. In this process~ the nuclear transition energy is 

ttansferr~d to an atomic el~ctron which is then ejected from 

the atom with an energy equal to the transition energy·minus 

the electron binding energy. A measbre of the probability of 

such an event 6ccrirring is the ~nternal conversion coeffi-

cient, a. It is defined as the ratio of the number of atomic 

electrons emitted per unit time to the number of gamma rays 

emitted for the same transition per unit time, dr 

symbolically, a = Ne 1 NY. It is possible to distinguish the· 

atomic electrons emitted from each atomic shell. W~iting the 

internal conversion coefficient to accommodate this distinc-

tion, we find that 

This series converges rapidly since the overlap between the 

nucleus and the wave functions of the outer orbital electrons 

becomes very small. Furthermore, the probability of internal 

conversion decreases rapidly with increasing transition ener­

gy as well as decreasing angular momentum transfer. Thus it 

is usually only for the low•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 

Nuclei having a spherical shape have long been associ­

ated with closed shells and the corresponding "magic" numbers 

of rtricleons. The closed shell for neutrons at N = 50 has 

long been established. such evidence as the increase in 

binding energy per nucleon, the increased energy of the first 

2+ excited states, the discbntinuity in neutron separation 

energies, and the decreased ther~al neutron capture cross­

sections, verifies the existence of shell closure for this 

neutron 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 

90zr as a stable core, while others (13,14,15,16) have used 

eesr as the core configuration. In both cases the results 

have been consistent with the expe~imental data available. 

The energies of the first 2+ excited states of the even-even 

isotones for various neutron numbers are shown in Figure ij• · 

In each case the energy of this state is maximum for either z 

= 38 or z ·= 40. However, in each·case where the energy peaks 

for z = 40 there exists at moderately low energies a second 

o+ state. Configuration interaction between this state and 

the ground state would tend to lower the energy of the ground 

state. 
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for- N = SO, 52, 54, and 56 



14 

If correction is made for this energy shift it is likel~ that 

the energy of the first 2• state is greatest for Z = 38. 

Although the above discussion fails to resolve the di­

lemma over which proton number is "semi-magic", the point 

that these nuclei should be described using the shell model 

is unaffected. Plotting the quadrupole moment versus i indi­

cates small or zero moments in the region of z = 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 196 5, 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 zszcf fission 

fragments indicated similari~ies 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 ~ 

110 would be most likely tc be permanently deformed. ether 

calculations performed later predicted stable deformations 

for lOO-llOzr, 9e-1oesr and 96-l06Kr. Finally in 1970, 

Cheifetz, ~i ~l· (19) presented experimental evidence cf the 

rotation-like behaviour of 1o2zr and l06Mo. They also noted 

that the E(4+)/E(2+) ratio as well as the B(E2)exp./B(E2)s.p. 

ratio undergo extreme changes between 9azr and 1oozr. It 
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appears then that the existence of this new deformed region 

is guite well established. Examining this information, it 

becomes obvious that much might be learned by examining the 

transitional nuclei connecting the two regions of spherical 

nuclei around A = 90 and deformed nuclei around A = 100. The 

members of the A = 93 mass chain studied in this work repre­

sent such transitional nuclei. 

·rn the history of nuclear physics muah information has 

_been gained through a systematic study of neighboring nuclei. 

Oft~n, a significant trend was noted only after information 

on many neighboring nuclei was compared. In the absence of a 

unified model for the nuclear force the best approach is to 

accumulate as much experimental data as possible in hopes of 

providing some insight intc the properties of this force. 

The present work is also an attempt to supply such informa­

tion for nuclei far from the line of beta stability. 

In 1970 Grueter, ~! sl• (20) reported the existence of a 

257-keV gamma ray associated with a 57-psec isomeric state in 

9 3Rb. Later Grueter (21) detected two 1.4-psec gamma rays 

and assigned them to an isomeric state 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 st~te in 93J. 
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Finally, the information ori gamma-ray and beta-ray ener­

gies and the associated decay intensities of fission products 

s~ch as those examined in this study is of interest to those 

involved in reactor physics calculations. Charged particles 

interact strongly with the structural material of the reac­

tor. As a result, their energy is deposited in the form of 

heat very near the point of emission. Gamma rays, on the 

other hand, penetrate these materials to a much greater ex­

tent. Thus their energy can be deposited as heat far from 

the poin~ of emission, provided their energies are large 

enough. In addition, beta particles having energies of sev­

eral MeV or more will lose their energy by emitting intense 

bremstrahlung radiation. !he relative strengths of such 

radiative processes must therefore be taken into considera­

tion when designing the shielding and cooling structures 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 com~o­

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 accur~te appears to be 7.32 ± 0.10 min 

from Carlson, ~!. sl• (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 Frobably 4.3 ± 0.2 MeV as reported 

by Bakhru and Mukherjee (25) and by Herzog and Grimm (26). 

It should be mentioned that, in the discussion of the 93! 

level scheme, evidence will be provided for favoring the 

upper limit on this Q-value. The first partial level scheme 

based on Ge(Li) detector gamma-ray spectra was proposed by 

Cavallini, Schussler, and Moussa (22). In this work 40 gamma 

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. 

Later, using a similar approach, Herzog and Gri~m (26) pro­

posed a level scheme based on 55 transitions between 23 

levels. They also assigned spins and parities to the six 

lowest levels based on the 94Zr(d,3He) reaction work of 

Preedom, ~1 sl• (27). The most recent comprehensive gamma 

study of this decay was performed by Achterberg, ,!! sl• (28). 

Besides placing 69 transitions within a ~cheme of 25 levels, 

Achterberg, ~i s1· determined the conversiori coefficients for 

the 168- and 590-keV transitions is well as a half-life"of 85 

± 15 msec for the 759-keV isomeric state. However their 

value for the half-life .is in great 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 been guaranteed in 1951 when 

Dillard, §..!; .S1• (31) identified its gaseous fission product 

parent 93Kr. The most accurate half-life measurement was 

performed by Carlson, et ~1· (24) who stated that the half­

life was 5. 86 ± 0.13 sec. Clifford, tl .Sl• (32) measured the 

~-value to be 7.23 ± 0.10 MeV. This is in fairly good agree­

ment with the value of 7.55 ± 0.15 MeV reported ~y Macias­

Margues, §.1 ~1· (33). A single beta-gamma coincidence gate 

was also reported by Clifford, ~1 al. ·However, because a de­

finitive decay scheme did not exist at the time of Clifford's 

experiment, he was not able to include in his analysis the 

various beta groups which contribute to the gated beta spec­

trum. This complication makes it inadvisable to adapt the 

end-point energy value for the gated spectrum reported in his 

study as a means of deducing the Q-value. 

A Q-value of 5.75 ± 0.10 MeV has been proposed by 

Bri ssot, §.1 .Sl• (3 4)" based on sever a 1 coincidence gates. The 

level scheme proposed in the present work, however, has sev­

eral well-established levels at energies greater than 6.0 

MeV. Therefore a Q-value below this energy seems unlikely. 

This value is also much lower than the Q-values predicted by 

Garvey, ~1 ~1· (35), Seeger (36) ·and Wapstra and Gove (37). 

Until recently no level scheme existed for 93Sr. In 

the last six months though, two articles have been published 

on this decay. Achterberg, ~1 al. (34) provided a level 
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scheme of 20 levels connected by 37 transitions. They also 

determined the multipolarity of the three lowest-energy gamma 

rays on the basis of measured internal conve~sion coeffi­

cients. In an almost simultaneous publication Brissot, ~ 

~1~ (34) offered a quite different levei scheme comprised of 

69 transitions placed among 25 levels. There was also lit.tle 

agreement between the gamma intensities quoted in these two 

articles. The gamma-ray intensities obtained as a result of 

the present work should help to resolve this discrepancy. 

Brady artd Sugarman (38) first discovered that the 10-h 

93Y activity results from a gaseous parent. Unfortunately, 

at that time no mass assignment had been .made for this. 

yttrium isotope. Dillard, ~! al. (31) determined that the Kr 

parent had a half-life of 2.0 ± 0.5 sec but incorrectly as­

·signed it to the mas~ 95 chain. Later Selikson and Siegel 

(39) examined the daughter activity resulting from the 10-h Y 

decay and noted ·that a negligible amount of 9szr was present. 

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, 

Coryell, and Edwards (40). The 93Kr activity has thus been 

established as a direct fission product. As befor~, a reli­

able half-life .measurement of 1.289 ± 0.012 sec has been made 

by Carlson, ~ sl• . (24). 
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Clifford,~! ~1· have ~eported a Q-value of 8.3 ± 0.5 

MeV for the beta decay of 93Kr based on a beta singl~s spec-

. trum. Beta decay _epdpoint energies were also quoted for four 

beta-gamma coincidence g~tes. However, since no decay scheme 

existed at the time of Clifford'~ study it was ~ot possible 

for him to calculate a Q-value based on these spectra. Using 

the level scheme presented in this work, along with the beta 

endpoint energies reported by Clifford,. a new value for the 

Q-value of this decay has been determined. A weighted a~er­

age of the values obtained from the four gates yields a Q­

value 6f 7.51 ± 0.05 MeV. This is in agreement with the Q­

value of 7.3 ± 0.2 MeV reported by Brissot, ~! ~1· 

As in the case of the 93Rb decay, no decay scheme 

existed for 93Kr prior to the publication of the studies by 

Achtetberg, ~! ~1· and Brissot, ~! ~1· The two level schemes 

presented for 93Rb are fairly consistent, but again there is 

disagreement in the reported gamma-ray intensities. 

It should be noted that Achterberg, ~! a1• proposed pbs~ 

itive parity for the ground state and the first four excited 

states of the 93Rb level scheme. This parity assignment 

seems unlikely because of the predominance of negative-parity 

shell-model states available in the region ar"ound 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 

Th~ A= 93 isobars repcrted on in·this work are only.a 

small part of a continuing study of 2350 gaseous fission 

products being carried out at the .TRISTAN facility. This ·fa­

cility consists of an on-line isotope separator in conjunc­

tion with a switch magnet which 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 

used for nuclear spectroscopy studies. An overhead ~iew of 

this facility is shown in Figure 5. An article by J. E. 

McConnell and W. L. Talbert (41), soon to be published, pro­

vides a thorough description of this installatiori •. conse­

quently, only a sketch of the major components of the system 

will be reproduced here. 

A. Isotopic Separation cf 2350 Fission Products 

The gaseous fission products are obtaine~ by placing a 

sample of an average mass of 8 gm of uranium 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 2350. The maximum neutron flux is 

around 3 x 109 thermal neutrons;cm2jsec. After the fission 

products are released they are transferred to an ion scurce 

through a neoprene transport line with an inner liner of 

teflon. The diffusion of these fission products through the 
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transport '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 ~s mass markers and 

a convenience for beam focusing adjustments. 

An extractor lens, operating at approximatelr 5 kV, 

draws the ions out of the ion source. After extraction, the 

ions pass through acceleration and electrostatic focusing 

lenses. The acceleration ~otential was usually 55 kV during 

these experiments. Following passage through the focu.sing 

lens, the ions enter a 90° sector magnet of mean radius 160 

em. It is this magnetic field which actually provides the 

isotopic separation of these ionized fission products. The 

mass separation has .been proven to ba quite good with contam­

ination from masses A ± 1 in the mass A deposit being on the 

order of 1 part in 5 x 105 (41). Extreme contamination can 

result, however, from the A - 1 mass chain in the form of 

KrH+ molecular ions. This contamination 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 the·age of the uranium stearate sample. In 

most cases after ten to twelve 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 importance 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"garnma 

rays of sufficient intensity to contaminate the 93Rb decay 

spectrum. Because 92Sr and 93Sr have very different half­

lives, 2. 69 h and 7. 5 min respectively, the amount of 92Sr 

activity accumulated during the usual beam collection time 

was very small. 

After the mass dispersion by the magnet, the beam enters 

the collector box. Inside the collector box are located sta~ 

bilization pins, a fluorescent screen, and a mass-defining 

slit. The fluorescent screen i~ 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 

position the stabilization pins are adjusted such that a 

neighboring mass is situated between the two pins. The beam 

pasition stabilizer then monitors the current striking each 

pin. If a current imbalance occurs the stabilizer makes a 

correction in the acceleraticn voltage in order to return the 

beam to its original position. Immediately following the 

mass slit is a pair of vertical deflection plates. Th~ beam 

can be deflected at this point by applying a potential of 800 

volts to these plates. This de~lection voltage was usually 

utilized in conjunction with the moving tape ccllector .(MTC) 

and the daughter analysis system. 
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The switch magnet deflects the b~am through an ~ngle of 

450 along ~ path havirig a me~n radius of curvature of 45 em 

when usirig the MTC~ This magnet also provides a second mass 

separation, thus helping tc reduce further the level of cross 

contamination. 

B. Isobaric Separation of A = 93 Activities 

The beam being deposited en the aluminum coated mylar 

tape of the M~C consists of the first member of the isoba~ic 

decay chain selected. The isobaric separation of the result­

ing activities is performed mechanically. Figures 6 and 1 

are photographs of the previous and present models of the 

MTC. The 93Sr and 93Rb decays were studied using the elder 

model while the newer model was utilized for the 93Kr decay 

work. The newer model was especially suited for the 93Kr ex­

periments for several reasons. First of all the tape drive 

system was reversible. Thus when studying short-lived activ­

ities it was possible to rewind the tape when the supply 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 activity was negligible relative to backgrcund 

activity. The re~ind time was usually around one hour. This 

was much less than the time required to remove the shielding, 

open the "old" MTC, replace the tape, and pump down. Second­

ly, the new MTC has larger reels capable of holding four 



Figure 6. Photograph of second generation moving tape collecto~ (MTC) 
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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 run time is spent in replenishing the tape. Finally, 

the· takeup reel is ftirther removed from the location of the 

Ge(Li) detectors. Because of this increased separation any 

activity buildup on the previously_exposed tape was not 

detectable. This had previously been a problem on experi~ 

ments involving low-yield mas~ chains~ 

"Parent" and "daughter" FOrts are present on both MTCs. 

During the 93Kr experiments the "parent" port was used and 

the tape was moved every 7 seconds in order to reduce contam­

ination.by _daughter activities. While the tape was in motion 

the beam wa~ interrupte~ by applying a voltage to the d~flec­

tion plates and the multichannel analyzer was gated off. 

cycling of the tape, deflection voltage and the anaiyzer is 

controlled by the Daughter Analysis system (DAS). For the 

low energy gamma-ray studies a thin mylar window replaced the 

usual aluminum cover on the "parent" port. 

The 9 3R b and 9 3 Sr data were collected using the "dau gh­

ter" port. Using suitably chosen beam c6llection, delay, and 

accumulation times it is pcssible to enhance each daughter 

activity independently. The minimum delay time is the time 

needed to transfer the activity from the "parent" to the 

"daughter" port. ThQ program ISOBAR (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 studies were made of the low 

energy gamma-ray spectrum cf 93Kr. Both LEPS (Low Energy 

Photon spectrometer) singles and iEPS -' Ge(Li) coincidences 

experiments ~ere performed on this decay.· In f~ct, twd sepa~ 

rate LEPS measurements were made on the low energy gamma-ray 
. . 

spectru~ of 93Kr. The first was used to ptovide accurate en~ 

ergies and intensities for the region 0 - 400 keV. This was 

later repeated with a higher resolution LEPS detector in or-

der to resolve the 253-keV multiplet. ~he final fit of this 

multiplet, reproduced in Figure 8, indicates the degree of 

resolution possible with this detector. The specifications 

for all of these Ge(Li) detectors are listed in Table 3 •. 

Table 3. Ge(Li) detector specifications 

Detector 
Geometry 

true 
coaxial 

true 
coaxial 

planar 

. planar 

Active 
Volume 
(cm3) 

57.3 

58.2 

1,0 

1.0 

Resolution 
(i)·Energy 

( keV) 

2.7 
(i) 1332 

2.7 
(i) 1332 

0.750 
(i) 122 

0.450 
(i) 122 

Efficiency 

11.8% 

9.0% 

N. A. 

N.A. 

Peak/Compton 
for 1332-keV 

Gamma Ray 

34/1 

28/1 

N. A •. 

N. A. 
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D. Elect~onic Systems used for Data Accumulation 

A block diagram of the electronic circuit used to accu­

mulate the gamma-ray singles spectra is shown in Figure 9. 

This arrangement by itself was used only fo~ the initial scan 

of ~he 93 mass chain. In all later experiments the singles 

data were accumulated in conjunction with gamma-gamma coinci­

dence experiments. The secticn of the circuit responsible 

for simultaneous singles data accumulation was, however, un­

changed from 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 en the energy region of interest. The linear amplifier 

was either an ortec 452 or a Tennelec TC 203BLR. Both have 

internally compensated differentiation and integration time 

constants, base line restoraticn, and adjustable pole-zero 

cancellation. In 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 BK conversion 

capacity. Pile-up rejecticn for high counting rates was ~lso 

handled by the Geoscience ADC. For all except the last 93Kr 

LEPS study the signals were processed by a Technical Measure­

ment corporation 16K analyzer having a singie channel capaci­

ty of 105 counts. A Geoscience Nuclear 5010 4K analyzer 
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having a· single channel capacity of 220 counts was used in 

the special case mentioned above. As the pumber of counts in 

the most likely channel approached overflow the analyzer was 

stopped and the contents of the memory were destructively re­

corded on a seven-track tape. A Hewlett-Packard Tape Unit 

(Model 2020) recorded the memory output for the TMC analyzer. 

The memory content of the Geoscience analyzer was recorded 

by means of a Per~pheral Equipment Corporation Tape Unit 

(Model 6860-75). 

Since the activity available from the mass 93 chain is 

rather low, a circuit such as that shown in Figure 10 was 

·u~ed for almost all of the gamma-gamma coincidence experi­

ments. This arrangement made it possible to collect singles 

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 em 

were positioned in 180° gecmetry for all coincidence studies. 

For the 93Kr, 93Rb, and 93Sr studi"=!s, 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 additional coincidence study was made using a 

60-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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Table 4. Equipment utilized for gamma-gamma coincidence 
studies 

Preamps: Ortec 117A(LEPs)· and Ortec 120(60-cm3) 

Timing Filter Amplifiers: 6rtec 454 

Constant Fiaction Timing Discriminators: Ortec 463 

Delays: Measured delay cables 

Time-to-Pulse-Height conve~ter: ortec 437A 

Single Channel Analyzer: Canberra 1430 

Linear Amplifiers: Tennelec 203BLR 

Delay Amplifiers: Mechtronics 506 

ADC's: Geoscience 8050 

A. coincidence event is determined by the timing between 

signals from the two detecto~s. 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 fo~ th~ TPHC. The 

single channel analyzer then selects a region of pulse 

heights (usually around 40 ns) which correspond to coinci-

denc:e events• Whenever the output of the .TP HC falls wit bin 

this 40 ns "window" an otitFut signal of fixed amplitude gates 

the ADC's to accept the two original signals. A block dia-

gram of the coincidence timing circuit is shown in Figure 11. 



36 

J PREAMP DETI * I DET PREAMPI. 

TIMING TIMING 
FILTER FILTER 

AMPLIFIER AMPLIFIER 

CONSTANT CONSTANT 
FRACTION FRACTION 
TIMING TIMING 

DISCRIMINATOR DISCRIMINATOR 
I I I I 

112 ns DELAY I · )12 ns DELAY I 

63ns DELAY 

TIME TO 
STOP PULSE START 

HEIGHT 
CONVERTER 

LINEAR l LINEAR 
AMPLIFIER SCA AMPLIFIER 

I 
ADC ADC 

FORMAT L J 
SELECTOR 
BUFFER 
MEMORY - .., 
MAGNETIC 

TAPE 

"""' 
Figure 11. Block diagram of gamma-gamma coincidence 

timing circuit 



37 

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 Precision In­

struments Model PI 1200 incremental tape drive. The fermat 

selector stores the coincidence information in the form of 

pairs of channels corresponding to the two coincident gamma­

ray signals. These pairs are stored in the buffer memory 

until 2K such buffers have ·been observed. ·At that 'time the 

"buffer" of 2K coincident Fairs are transferred to magnetic 

tape. Later the spectrum of gamma rays in coincidence with 

any gamma ray of interest can t:e obtained using the prcgram 

BUFFTAPE. The user selects the upper and lower channels rep­

resenting the gating gamma-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 increment 

defined by these two channels. 
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III. DA~A ANALYSIS 

A. Addition of Shifted Spectra 

The relatively low counting rat.e·s observed with 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 experimental environment. As a result, 

shifts in the gamma-ray spectrum peak locations were 

unavoidable. An option to the program DISKRITE was used to 

correct for such gain .shifts. I~ some cases, large gain 

shifts were noted during the collection of a single spectrum. 

Because it is impossible tc correct for such a shift these 

spectra were discarded. Sue~ circumstances were extremely 

rare, however, and in all ~ases the fine resolution afforded 

by Ge.(Li) detectors was preserved. 

B. Calculation of Energies and Intensities 

In order to identify the unknown peaks of the decay 

beinq studied, three different. types of spectra were exam­

ined. The first type was composed of gamma rays observed in 

the decay of known calibra ticn sources plus the "unknown n 

source. The energies of these k~own calibration peaks were 

used to calculate the energies of the more intense "unknown" 

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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photopenk. In this way the energy calibration can be extend­

ed to the highest energy orserved peak. 

These previously-determine.d energies were then used as 

an internal calibration in the second type of spectrum, that 

of the "unknown" source· alone. such spectra were taken in 

order to remove the possibility of calibration peaks coincid­

ing with weaker "unknown" peaks. The third type of spectrum 

consisted of background peaks alone. This background spec­

t~um was used to eliminate any contaminant peaks which may 

have been present. The prcgram SKEWGAUS was used to deter­

mine peak locations and area~ as well as their associated 

errors. These locations 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 EUFFTAPE. Two gates were set for 

each gamma ray whose coincident spectrum is desired. ~he 

first gate included the gamma ray of interest. The second 

gate included channels above and below this peak with the 

total number of channels equalling that of the first gate. 

This second gate was termed the "background" gate and was 

used to eliminate the coincidences resulting from compton­

scatt~red 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 peaks 
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·have significant area differences ·were made either by vi~ual 

inspection or with the aid of the program BRUTAL. 

D. Construction of Level Schemes 

The initial level scheme was built for each d~cay by at-

tempting to place three or ~cur of the most intense peaks~ 

Once the first few excited states were verified, further 

levels were then const~ucted using av~ilable coincidence in-

formation and energy sums. Subsequent placement·of gammas 

can best be accomplished through use of the program LVLSURCH. 

The final· decision on whether or not a level should be kept 

depends on the number of gamma transitions feeding or depopu-

lating a level as well as any possible or definite coinci-

dences. Defining the confidence index (CI) as the sum of 

these respective occurrences the following ~xpres~ion re-

sults: 

CI = n + 2n + n 
y c pc 

The requirement for keeping a level is then expressed simply 

by stating that the confidence index 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 Log!l Values 

Following the placement 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, in most cases th~s information does not exist. If this 

is the case the_ calcrilation was performed assuming the tran­

sition is 50% E2 plus 50% M1. over a rather large energy 

range, this. assumption is acceptable, since the two multipo-

larities exhibit nearly equal ·conversion coefficients. Also, 

in some instances experimentally measured ICC's may be avail-

able in which case these values can be substituted for the 

calculated coefficients. The actual transition intensity is 

·then (1+a) I , where I is the measured _gamma intensity. This 
'Y . 'Y 

information was required as input to the program LEAF which 

was used to find the per cent beta branching to each level, 

given the amount of ground-state beta feeding. Por the 93Kr 

and 93Rb decays ~h~ per cent delayed neutron .branching must 

also be used tb correct these branching p~rcentages if they 

are to be expressed in absolute terms (per 100 decays). The 

logf! values for the observed beta feeding were ·then deter-

mined by means of the program LOGF~, 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 lcgf~ values and observed gamma-

ray transitions. The rules for assignments based on deduced 

logf! values have been taken from a survey article by Raman 

and Gave ( 43) • A summary of these is pre sen ted in Table 5. 
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Table 5. Rules for spin ar;d parity assignments based on 
log,!,! values 

------------~-----------------------------------------------

Logf:!:_ 
Values 

z < 80 
Logf~ < 5.9 

z > 80 
Logft < 5. 1 

Logfli < 8.5 

Logft < 11.0 

Logf~ < 12.8 

·Spin Change Parity Change 

J = 0,1 No 

J = 0' 1 No 

J = 0' 1 Yes or No 

J = 0, 1 Yes or No 
J = 2 ·Yes 

J = 0, 1, 2 Yes or No 

In section I.B. the statements concerning relative in-. 

tensities of transitions of different multipole order were 

direct results of the theory of electromagnetic radiation. 

In practice it is found that transitions are hindered by ad-

ditional selection rules or enhanced by collective de-

excitations. A compilation of experimentally determined 

hindrance and enhancement factors has been published by Gove 

(44). The resulting 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-

me~ic transitions) to limit transition multipolarities to E1, 

M1 o= E2. E2 and M1 transitions will often compete because, 

" 
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as ~oted, the M1's are often hindered while the E2's are usu-

ally enhanced. 

table 6. Rules for spin and parity assignments based on 
gamma-ray transitions. 

----------------------~~------------------------------------

Parity Changing: All observgd 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 1oe or more. Most M2 transitions are hindered by a factor. 
between 2 and 5 x 103. Hence, an ~2 gamma ray hindered by a 
factor of . 10 can com pe.te with an E 1 hindered by 10.9. E3 
hindrance factors cluster around 100 but some enhanc3d E3's 
are known. M4 gamma rays are very near single-particl.e esti­
mates except for the special cases of 1101g and t82Ta. 

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. 
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IV. EXPERIMENTAL RESULTS 

The experimental results reported in this work are con­

tained almost entirely in the tables and figures of this ~ec­

tion. In the figures containing the observed gamma-ray spec­

tra several intense p~aks have been labelled according to ~n­

ergy. ~ perusal ot the tables of observed coinciden~es 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 ~ermed a "possible" coinci­

dence and denoted by an open circle in the decay sc.heme. The 

definite coincidences have been symbolized by a filled cir­

cle. 

A. Decay of 93Sr 

An enhanced gamma-ray spectrum fer the 93Sr decay is 

shown in Figure 12. The 162 ·.photo peaks observed in this 

spectrum are listed in Table 7~ A ground-state beta feeding 

of 0% was adopted for this decay based on an earlier study by 

Bakhru and Mukherjee (25). In that study Bakhru and 

Mukherjee deduced from direct beta spectrum measurement that· 

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, 690-692, 717-718, 

1266-1269, 1332-1334, 1978-1981, and 2984-2986 keV which had 

previously been reported tc be single gamma rays. There are 
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Figure 12. Gamma-ray spectrum for the decay of 93 Sr 
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Table 7. Gamma rays observed in the decay of 93Sr. 

Energy 
(keV) 

166.57 ± 
168.69 ± 
260.12 ± 
285.65 ± 
332.04 ± 
342. 88 ± 
346."49 ± 
377~36 ± 
406.71 ± 
424.70 ± 
428.03 ± 
432.67 ± 
440.80 ± 
446.20 ± 
481.96 ± 
483.73 ± 
486.74 ± 
518.50 ± 
541.89 ± 
545.81 ± 
559.92 ± 
571.96 ± 
586.47 ± 
590.28 ± 
593.81 ± 
596.15 ± 
610.93 ± 
630.97 ± 
633.52 ± 
650.56 ± 
658.56 ± 
663.58 ± 

o. 27 
0.05 
0.05 
0.07 
0.07 
0.37 
0.05 
0.06 
0. 10 
o. 13 
0. 21 
0.06 
o. 18 
0.06 
o. 10 
0.08 
o. 44 
0. 15 
0.06 
0.07 
0.08 
0. 16 
0.42 
0.05 
o. 18 
o. 13 
0.06 
o. 16 
0.28 
0.15 
o. 11 
0.06 

Relative 
Intensityt 

9.20 ± 2.38 
270.59 ± 15.14 
109.48 ± 5.76 

4.04 ± 0.28 
5.19 ± 0.35 
1.10 ± 0.37 

48.21 ± 2.53 
21.75 ± 1.37 

6.32 ± 0.56 
3.78 ± 0.47 
2.22 ± 0.43 

21.78 ± 1.29 
2.94 ± 0.56 

34.72 ± 1.86 
16. 7.C ± 1 • 4 9 
24.46 ± 1.76 

1.83 ± 0.66 
1.94 ± 0.26 

10.73 ± 0.63 
5.77 ± 0.40 
3.00 ± 0.28 
3.07 ± 0.44 
6.56 ± 2.34 

1000.00 ± 54.51 
16.37 ± 2.08 
19.58 ± 2.18 
15.96 ± 0.97 
2.85 ± 0.36 
1.57 ± 0.34 
2.76 ± 0.34 
6.24 ± 0.59 

24.20 ± 1.41 

Intensity Assignment 
per 100 (keV) 

Beta D.ecays2 

0.61 
17.99 

7. 28. 
0.27 
0.35 
0.07 
3.21 
1.45 
o. 42 
0.25 
0.15 
1.45 
0.20 
2. 31 
1. 11 
1.63 
0.12 
0.13 
0.71 
0.38 
0.20 
0.20 
0.44 

66.50 
1.09 
1.30 
1. 06 
0.19 
0.10 
0.18 
0.42 
1.61 

2821 --> 
759 --> 

1136 --> 
876 --> 

2688 --> 
2886 --> 
1647 --> 
1136 --> 
1543 --> 
1301 --> 
2784 --> 

"1309 --> 
2570 --> 
2094 --> 
2575 --> 
2575 -~> 

2544 --> 
2575 --> 
1301 --> 
1136 --> 
1695 --> 
3116 --> 
2129 --> 

590 :--> 
2688 --> 
2688 --> 
1912 --> 
2688 --> 
1911 --> 
1787 --> 
2570 --> 
2575 :--> 

2654· 
590 
876 
590 

2356 
2544 
1301 
759 

1136 
876 

2356 
876 

2129 
1647 
2094 
2091 
2057 
2057 

759 
590 

1136 
2544 
1543 

0 
20 94 
2091 
1301 
2057 
1278 
1136 
1912 
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) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
(keV) Intensity• per 100 (keV) 

Beta Decays2 

------------~-----------------------------------------------

6 87.79 ± 0. 11 9.80 ± 0.91 0.65 1278 --> 590 
6 90.06 ± 0. 12 14. 88 ± 1 • 18 0.99 2784 --> 2094 
692.00 ± 0.35 3. 2 8 ± 0.94 0.22 2784 --> 20 91 
710.40 ± o. 05 3 20. 1 7 ± 16.76 21.29 1301 --> 590 
716.79 ± o. 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 0.44 ± 0. 17 0.03 2821 --> 2057 
771.19 ± 0.06 17.07 ± 1 • 01 1. 14 1647 --> . 876 
776.07 ± o. 13 3.90 ± 0.40 0.26 1912 --? 1136 
782.83 ± o. 15 3.15 ± 0.3 5 0.21 2091 --> 1309 
785.45 ± 0.42 1 .13 ± 0.31 o.o8 2094 --> 1309 
788.68 ± 0.08 11. 30 ± 0.69 0.75 2575 --> 1787 
791.10 ± o. 14 3.80 ± 0.40 0.25 2091 --> 1.3 01 
7 95.29 ± 0. 12 3.44 ± 0.34 0.23 2886 --> 2091 
831.30 ± o. 47 0.73 ± 0.3 0 
834.89 ± 0.05 24•62 ± 1.28 1. 64 2688 --> 1853 
837.85 ± 0. 19 1.73 ± 0.24 
858.47 ± 0.07 10.67 ± 0.68 0.71 2770 --> 1912 
875.73 ± 0.06 359.88 ± 19.59 23.93 876 --> 0 
8 88. 13 ± 0.05 32 5. 11 ± 17.2 9 21.61 1647 --> 759 
900.98 ± 0.07 10.1 6 ± 0.64 0.68 2688 --> 1787 

.910.18 ± o.b8 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 --> 1647 
930.91 ± o. 10 6.05 ± 0.54 0.40 2784 --> 18 53 
952.58 :t 0.23 1.65 ± 0.31 0. 11 1543 --> 590 
991.59 ± 0.21 1.84 ± 0.28 o. 12 2778 --> 17 87 

1032.40 ± 0.47 1. 53 ± 0.48 0.10 2575 --> 1543 
1035.52 ± 0.26 3. 0 4 ± 0.53 0.20 1912 --> 876 
1040.63 ± 0.06 46.81 ± 2~58 3. 11 2688 --> 1647 
1046.42 ± o. 46 1.43 ± 0.45 0.10 3825 --> 2778 
1050.61· ± o. 33 o. 50 ± 0.21 0.03 3871 --> 2821 
1055.13 ± o. 11 5.08 ± 0.37 0.34 2356 --> 13 01 
1064.37 ± 0.09 5. 4 9 ± 0.41 o. 37 2365 --> 13 01 
1077.86 ± 0. 16 3.53 :t 0.3 9 0.23 2356 --> 1278 
1094.00 ± 0.07 25.90 ± 1. 50 1.72 1853 --> 759 
1104.69 ± 0.23 2.15 ± 0.36 0.14 1695 --> 590 
1117.10 ± o. 70 0.98 ± 0.40 0.07 389.5 --> 2778 
1122.48 ± 0.06 59.27 ± 3.12 3.94 2770 --> 1647 
11 3 6. 77 ± 0.20 2.91 ± 0.31 o. 19 2784 --> 1647 
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-Table 7. (Continued) 

-------------------------~----------------------------------

Energy Relative Intensity Assignment 
(keV) Inten~:i tyt per 100 (keV) 

Beta Decays z 

-------------------------------------------~----------------

1180.76 ± o. 17 3.59 ± 0.42 0.24 2057 --> 876 
1196.23 ± o. 06 14. 41 ± 0.79 .o. 96 1787 --> 590 
1200.48 ± 0.74 0.38 ± 0.17 
1215.48 ± 0.07 36.74 ± 2.00 2.44 2091 --> 876 
1239.15 ± o. 25 1. 8 5 ± 0.39 0.12 2886 --> 1647 
1243.41 ± 0.08 1.1. 83 ± 0.72 0.79 2544 --> 1301 
1249.22 ± o. 71 1.07 ± 0.37 0.07 3825 --> 2575 
1261.30 ± 0.61 1.16 ± 0.46 o.o8 2570 --> 1309 
1266.38 ± o. 10 16.35 ± 1. 18 1.09 2575 --> 1309 
1269.47 ± 0.07 1.05.30 ± . 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 ± o. 32 1.01 ± 0.20 0.07 3116 --> 17 87 
1332.50 ± 0.50 7.40 ± 3.70 0.49 2091 --> 759 
1334.50 ± 0.10 9.98 ± 0•74 0.66 2094 --> 759 
1378.98 ± o. 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 ± o. 31 1.47 ± 0.26 0.10 2057 --> 590 
1469.50 ± 0. 1'2 7.73 ± 0.52 0.51 2770 --> 1301 
1483.34 ± 0.30 1. 53 ± 0.26 0.10 2784 --> 1301 
1492.13 ± o. 12 8.08 ± 0.53 0.54 2770 --> 1278 
1506.49 ± o. 55 0.71 ± 0.23 0.05 3871 --> 2365 
1511.77 ± o. 41 0.81 ± o. 2 0 0.05 2821 --> 1309 
1520.05 ± o. 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 o. 6 0 ± 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 ± o.o8 21.30 ± 1.22 1.42 2110 --> 1136 
1641.97 ± 0.61 0.64 ± 0.21 0.04 2778 --> 1136 
1647.53 ± 0.08 13. 11 ± 0.76 0.87 2784 --> , , 3 6 
1652.20 ± 0.71 0.52 ± 0.20 
1668.68 ±· 0.54 2.39 ± 1.32 0.16 2544 --> 876 
1684.84 ± . o. 13 10.50 ± 0.84 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) Intensityt per 100 (keV) 

Beta Decays2 

------------------------------------------------------------
1706.59 ± o. 10 16.27 ± 1.00 1.08 3007 --> 1301 
1742.13 ± 0.38 1.2 8 ± 0.23 o.os 3871 --> 2129 
1765.36 ± 0.09 15.72 ± 0.82 1.04 2356 --> 590 
1774.83 ± 0.16 2. 38 ± 0.27 0.16 2365 --> 590 
1786.56 ± 0.28 1.16 ± 0.18 
1811.45 ± o. 10 20.73 ± 1 .1 6 1.38 2688 --> 876 
1816.12 ± 0. 19 3.45 ± 0.38 0.23 2575 --> 759 
1894.10 ± 0.27 1.78 ± 0.2 6 0.12 2770 --> 876 
1899.46 ± 1. 0 4 0.52 ± 0.19 0.03 4264 --> 2365 
1907.73 ± 0.23 2.59 ± 0. 31 o. 17 2784 --> 876 
1928.79 ± 0. 10 17.19 ± 0.95 . 1. 14 2688 --> 759 
1935.64 ± 0.73 0.50 ± 0.17 
1944.75 ± 0.12 8.23 ± 0.58 0.55 2821 ~-> 876 
1952.40 ± 0.33 1.46 ± 0.25 
1972.15 ± 0.68 0.49 ± 0.18 0.03 3825 -->· 1853 
197 8. 15 ± 0.93 o. 3 9 ± 0.1 8 
1981.41 ± 0.83 0.54 ± 0.20 0.04 3116 --> 1136 
1984.85 ± 0.32 1. 2 0 ± 0.1 9 0.08 2575 --> 590 
2010.80 ± 0.25 1.79 ± 0.25 0.12 2886 --> 876 
2054.68 ± 0.25 2.05 ± o.i7 
2063.64 ± 0. 12 9.25 ± 0.57 . o. 62 2654 --> 590 
2076.55 ± o. 69 0.88 ± 0.24 
2094.06 ± 0.57 1.08 ± 0.31 
2104.78 ± 0.15 4.61 ± 0.35 
2108.63 ± 0.37 1.30 ± 0.23 0.09 3895 --> 1787 
2129.:lij ± 0.52 , • 51 ± 0.47 0.10 2129 --> 0 
2172.02 ± 0.35 1. 0 5 ± 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 ± 0.84 0.64 ± 0.26 
2230.27 ± o. 12 22.8 4 ± 1 •. 33 1. 52 2821 --> 590 
2296.13 ± o. 14 10.92 ± 0.72 0.73 2886 --> 590 
2364.72 ± 0. , 1 23.22 ± , • 3, 1.5q 2365 --> 0 
2416.33 ± 0.33 1.60 ± 0.2 9 0.11 3007 --> 590 
2472.73 ± 0. 31 1. 1 2 ± 0.15 0.07 ij120 --> 1647 
2543.84 ± 0. 11 44.52 ± 2.36 2.96 2544 --> 0 
2574.20 ± o. 27 1.87 ± 0.29 0.12 2575 --> 0 
2585.90 ± 0.62 o. 4 0 ± 0.12 0.03 3895 --> 1309 
2614.68 ± 0.27 1.32 ± 0.17 
2688.65 ± 0.12 31.32 ± 1. 82 2.08 2688 --> 0 



50 

Table 7. (Continued} 

-------------------------~----------------------------------

Enetgy 
(keV) 

Re·lative 
Intensityt 

Intensity 
per 100 

Bet a Decays 2 

Assignment 
(keV) 

--------------------------------------~---------------------

2765.32 ± 0.62 0.61 ± 0.20 
2781.62 ± 0.37 0.76 ± 0.11 
2811.34 ± 0.67 . o. 31 ± 0.07 0.02 4120 --> 1309 
2828.54 ± o. 20 2.52 ± 0.25 
2983.52 ± o. 42 0.66 ± 0.21 0.04 4120 --> 1136 
2985.72 ± 0.21 2. 92. ± 0.3 7 0~19 4264 --> 1278 
2995.73 ± o. 64 0.29 ± 0.07 0.02 3871. --> 876 
3 006. 86 ± 0.22 1. 73 :t 0.17 0.12 3007 --> 0 
3116. 64 ± 0.35 1.02 ± 0.1;3 0.07 3116 --> 0 

------------------------------------------------------------
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also approximately 80 gamma rays which are reported here but 

not in any previous studies of this decay. All except one of 

these gamma rays has an intensity less than 10.0 and as a re­

sult were probablf too weak to have been observed 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 

uncertainties are quoted (26,28). Relati~e intensities and 

trar.sition assignments (for those gamma rays placed in the 

level scheme) are also provided in Table 7. A comparison of 

intensi~ies obtained in this work and those in previous stud­

ies for all gamma rays having an intensity greater than 25 is 

made in Table 8. In general the intensities _agree to within 

quoted uncertainties. Although 19 g~mma rays are not placed 

in the level scheme, these gamma rays represent ~ess than 1% 

of the observed gamma intensity. 

Ten gamma rays previously reported only by Achterberg, 

~i sl• (28) were not observed in this study. However three 

of these gamma rays could not be placed in the level scheme 

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. In 

this work only one gamma ray was evident 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. 

------------------------------------------------------·-----
Energy 

168.692 
260.12 
.346.49 
446.20 
590.28 
710.40 
875.73 
888.13 

1040.63 
1094.00 
1122. 483 
1215.48• 
1269.47 
1321.24 
1387.11 
1694.07 
1699.06 
2543. 84 
2688.65 

This 
Work 

271 ± 15 
109 ± 6 

48 ± 3 
35 ± 2 

1000 ± 55 
3 20 ± 17 
360 ± 20 
325 ± 17 

47 ± 3 
26 ± 2 
59 ± 3 
37 ± 2 

105 ± 5 
38 ± 2 
51 ± 3 
38 ± 2 
49 ± 3 
45 ± 2 
31 ± 2 

Achterberg 
~i s.l· Pi) 

270 ± 30 
105 ± 6 

46 ± 3 
32 ± 4 

1000 ± 60 
290 ± 30 
345 ± 30 
335 ± 3 0 

41 ± 3 
29 ± 3 
52 ± 5 
35 ± 16 

109 ± 7 
39 ± 3 
45 ± 5 
34 ± 2 
58 ± 4 
42 ± 6 
31 ± 3 

Herzog and 
Grimm(26) 

254 ± 64 
102 ± 10 

40 ± 5 
29 ± 3 

1000 ± 81 
315 ± 25 
358 ± 29 
331 ± 27 

49 ± 4 
28 ±. 3 
58 ± 5 
39 ± 4 

111 ± 10 
39 ± 6 
41 ± 8 
41 ± 4 
55 ± 5 
54 ± 4 
37 ± 3 

'No intensity uncertainties were reported 

cavallini 1 

ll ~1· (22) 

340 
130 

6C 
40 

1000 
310 
350 
310 

60 
20 
60 
40 

110 
40 

. 80 
40 
60 
50 
30 

2Intensities listed for the 168-kev gamma ray are not cor­
rected for inter·nal c:unvl::!t::;iol! 

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

•Achterberg, ~i ~1· 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 the gamma ray at 875 keV. However no evi­

dence was seen to indicate its coincidence with the 260-keV 

gamma ray. As a result it is not placed twice as in the 

level scheme cffered by Herzog and Grimm (26). 

All 72 of the coincidence gates resulted in either pos­

sible or definite coincidence information which is present~d 

in Table 9. Based on this information it is possible to es­

tablish 28 of the 36 levels present in the 93Sr decay scheme 

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 scheme comFrised of 37 levels. This.level 

scheme is presented in Figure 13 •. 

B. Decay of 93Rb 

The ~nhanced gamma-ray spectrum for the 93Rb. decay is 

shown in Figure 14. In 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 transiticn 

assignments for those gamma rays that have been placed in the 

final level scheme. The absolute intensities, expressed per 

100 beta decays, are calculated using a ground-state beta 

branching of 59 ± 3% which has been adopted from the study 

made by Achterberg, ~!-~1· and a delayed neutron probability 
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·Table 9. Coincidences observed in the decay of 9 3Sr. 

-----------------~------------------------------------------

Gate 
(keV) 

Definite coincidences 
(keV) 

Po~sible coincidences 
(keV) 

---------~--------------------------------------------------

168.7 590 

260.1 286, 560, 717, 776, 876, . 332, 789, 835, 992 

285.6 

332.0 

346.5 

377.4 

424.7 

432.7 

446.2 

482.0 

4A3 .. 7 

541.9 

545.8 

559.9 

590.3 

593.8 

1 4 3 4, 1 4 39, 1 55 2, 16 3 4, 
1648, 1685 

260, 590 

17 65 

590, 710, 1041, 1122 

1552, 1634, 1648 

876 

876, 1266 

346, 482, 59 4, 6 90, 
771, 888 

446, 888, 1334 

876, 1215 

346, 1269 

590 

710, 

169, 286, 346, 446, 611, 
664, 688, 710, 718, 858, 
1196, 1243, 1269, 1321, 
1387, 1634, 1765, 2064, 
2179, 2230; 2296 

446 

446, 48 2, 542, 876 

717, 1439; 1685 

346 

1379 

286, 876 

346, 710 

791 

1470 

260, 377 

260, 332, 789, 901, 
1036, 1266, 1466, 2416 

346, 710 
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Table 9. (Continued) 

Gate 
(keV) 

596.2 

610.9 

663.6 

687.8 

690.1 

692.0 

710.4 

716.8 

718.3 

771.2 

776.1 

788.7 

791.1 

795.3 

834.9 

858.5 

875.7 

Definite Coincidences 
(keV) 

816, 1215 

590, 664, 710, 858 

260, 590, 611, 710, 1321 

446, 888 

346, 446, 482, 590, 611, 
664, 1055, 1243, 1269, 
1387, 1470, 1520 

260, 835, 876 

590, 1266 

44.6, 876 

260 

59o·, 910, 11 96 

590, 710 

876, 1215 

260, 876, 10 94 

590, 611, 1321 

260, 425, 433, 4 E4, 717, 
771, 795, 91 o, 112 2, 
1215, 1552, 1634, 1648, 
1669, 1694, 1699, 1811, 
190 8, 1945 

Possible Coincidences 
·(keV) 

1332 

876 

590, 1492 

346 

1215 

1041 

1379 

. 1122 

876 

377, 717 

446, 594, 690, 
789, 835, 1434, 
1439, 1685 
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Table 9. (Continued) 

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

---------------------------------~--------------------------

888.1 44 6, 482, 690, 1 041, 1239 
1122 

901.0 590, 910, 11 96 

910.2 789, 876, 901 

922.7 888 

927.7 771, 888 

930.9 10 94 

952.6 590 

1040.6 346, 710, 888 

1064.4 590, 710 

1094.0 83 5, 931 

1122.5 346, 771, 876, 888 572, 590 

1196.2 590, 7891 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, 664, 858 

1387.1 590, 710 542 
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Tab.le 9. (Continued) 

----~-------------------------------------------~-----------

Gate 
(keV) 

1434.0 

1438.9 

1469.5 

1492.1 

1520.1 

1551.6 

1634.0 

1647.5 

1 66 8. 7 

1684.8 

1.694. 1 

16 99. 1 

1765.4 

1774.8 

1811.5 

1944.7 

2063.6 

2230.3 

2296.1 

Definite Coincidences 
(keV) 

260, 377, 876 

260, 377 

590, 710 

590, 688 

590, 710 

260, 377 

260, 377, 876 

260, 377 

260, 377 

876 ( 

876 

332, 590 

876 

876 

590 

590 

590 

Possible Coincidences 
(keV) 

876 

542 

1278 

590 

590, 876" 

876 

876 

' 590 
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Table 10. Gamma rays observed in the decay of 93Rb. 

Energy 
(keV) 

Relative 
Intensity' 

In tensity 
per 100 

Bet a Decays 2 

Assignment 
(keV) 

------------------------------------------------------------
163.40 ± 0.28 
205.21 ± o. 55 
213.39 ± 0.05 
219.16 ± 0.06 
351.74 ± 0.11 
404.99 ± o. 18 

.432.51 ± 0.05 
473.83 t 0.56 
5 95. 87 ± 0. 13 
602.56 ± 0.39 
610.07 ± 0.43 
661.64 ± 0.11 
709.95 ± o. 05 
7 21. 99 ± 0. 17 
768.36 ± o. 23 
776.35 ± o. 43 
793.65 ± 0.06 
822.41 ± 0.22 
831.18 ± 0.32 
859.05 ± o. 18 
867.74 ± 0.16 
901.08 ± 0.18 
905.64 ± 0.28 
910.91 ± 0.14 
929.04 ± 0.09 
93LI.70 ± 0.10 
981.14 ± 0.34 
986.05 ± 0.06 
990.86 ± 0.27 

1035.07 ± 0.51 
1054.68±0.31 
1059.36 ± 0.30 

6.57 ± 
6.2 6 ± 

383.83 ± 
1 58. 0 5 ± 

3.77 ± 
3. 1'1 ± 

10 oo. 0 0 ± 
1.56 ± 

12.68 ± 
2.88 ± 

10.06 ± 
16.40 ± 

3 C8. oo ± 
2.87 ± 
6.60 ± 
3.03 ± 

61.53 ± 
9.72 ± 
3.62 ± 
·4. 7 8 ± 
4.1 8 ± 
6.32 ± 
3.83 ± 
8.16 ± 

24.40 ± 
18.U'5 ± 
7.54 ± 

391.01 ± 
6.53 ± 
3.84 ± 
3.42 ± 
3.69 ± 

1.46 
3.18 

21.89 
9.41 
0.37 
0.47 

52.71 
0.72 
1.68 
0.86 
1 .83 
2.80 

22.34 
0.37 
1.08 
0.95 
3.3 2 
1.71 

·o.84 
0.61 
0.4 7 
0.84 
0. 7 9 
0.88 
1.66 
1.39 
1.65 

19.84 
1.27 
1.21 
0.71 
0.72 

0.08 
o.o8 
4.69 
1.93 
0.05 
0.04 

12.22 
0.02 
0.15 
0.04 
o. 12 . 
0.20 
3. 76 
0.04 
o.oa 
0.04 
0.75 
0.12 
0.04 
0.06 
0.05 
o.o8 
0.05 
0.10 
0.30 
0.23 
0.09 
4.78 
o.o8 
0.05 
0.04 
0.05 

2456 -- > 22 93 
4 714 --> 45 09 

213 --> 0 
433 - ... ) 213 

3 955 --> 3603 

433 --> 0 
4097 --> 3623 
2869 --> 2273 
4620 --> 4017 
3867 --> 3256 
4509 --> 3848 
1142 --> 433 
3955 -- > 32 33 
'1 911 -- > 11 42 
3233 --> 2456 
1780 --> 986 
1808 --> 986 
4620 --> 3789 
6 27 3 --> 54 1 4 
3848 -:-> 2980 
2771 --> 1870 
2054 --> 1148 
4714 --> 3804 
1142 --> 213 
1148 --> 213 
5601 --> 4620 

986 --> 0 
2771 --> 1780 
2273 --> 1238 
2 29 3 -- > 12 3 8 
2045 --> 986 

tMeasured relative to the 432.5-keV transition (Iy = 1000). 
zcalculated 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) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
(keV) Intensityt per 100 (keV) 

Beta Decays 2 

------------------------------------------------------------
1068.51 ± 0. 11 35.3 5 ± . 2.89 0.43 3955 --> 2886 
1077.60 ± o. 17 2.59 ± 0.30 ' o. 03 5012 --> 3934 
1096.71 ± 0.09 22.98 ± 1.45 . o. 28 1529 . --> . 433 
1100.63 ± o. 12 10.36 ± 0.91 0.13 4991 --> 3891 
1115.77 ± o. 22 5.44 ± 0.77 0.07 3233 --> 2117 
1120.03 ± o. 44 4.19 ± 1.23 0.05 3891 --> 2771 
1130.12 ± o. 16 10.97 ± 1.19 0.13· 2273 --> 1142 
11,38. 02 ± o. 31 11.- 58 ± 1.75 0.14 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 
11 50. 38 ± o. 13 26.72 ± 2.44 0.33 2293 --> 1142 
1164.36 ± 0.25 5.16 ± 0.77 0.06 3623 --> 2460 
116 7. 09 ± o. 47 2.57 ± o. 7 3 0.03 3623 --> 2456 
1202.39. ± 0.74 2.71 ± 1 .2 0 0.03 4991 --> 3789 
1204.93 ± 0.74 2~87 ± 1. 18 0.04 4461 --> 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 ± o. 08 84.5 8 ± 4.54 1.03 1238 --> 0 
1283.99 ± o. 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. 6 4 .± 0.77 0.08 2293 --> 986 
1315.64 ± o. 10 21.7 4 ± 1.48 0.27 2554 --> 12 38 
1332.97 ± 0.08 60.83 ± 6.09 0.74 2319· --> 986 
1349.67 ± o. 21 8. 11 ± 1.04 0.10 1563 --> 213 
1359.92 ± 0. 16 11.78 ± 1.14 0.14 6273 --> 491-2 
1365.36 ± 0. 11 18.71 ± 1.37 0.23 2 351 --> 986 
1385.21 t 0.08 328.18 ± 16.83 4.01 1385 --> 0 
1388.66 ± 0.58 12.63 ± 2.55 0.15 2774 --> 13 85 
1397.71 ± o. 50 3.30 ± 0.94 0.04 2782 --> 1385 
1405.37 ± 0.22 5.74 ± 0.74 0.07 2554 --> 1148 
1437.10 t o. 16 23.97 t 2.05 0.29 1870 --> 433 
1439.58 ± o. 54 5.22 ± 1.69 0.06 5775 --> 4336 
1452.74 ± o. 66 2. 94 ± 1.13 0.04 3233 --> 1780 
1470.13 ± o. 22 1 o. 93 ± 1 .18 0.13 3789 --> 2319 
1473.16 t 0.59 3. 10 ± 1.00 0.04 2460 --> 986 
1479.08 ± o. 33 3.45 ± 0.67 0.04 2621 --> 1142 
1483.96 ± o. 24 5.03 ± 0.6 9 0.06 4038 --> 2554 
1491.25 ± 0.24 6.95 ± 0.95 o.oe 6000 --> 4509 
1494.85 ± o. 15 13. 1 6 ± 1. 13 0.16 3955 --> 24 60 
1501.18 ± o. 12 19.99 ± 1.34 0.24 2886 --> 1385 
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Table 10. (Continued) 

--------------------------------------------------~--~------

Energy Relative Intensity Assignment 
(keV) Intensityt p~r 100 (keV) 

Beta Decays 2 

------------------------------------------------------------
1507.77 ± o. 14 "13.60 ± 1 .1 0 0.17 5385 --> . 3877 
1515.76 ± 0.33 5. 37 ± 1.00 0.07 3867 --> 23 51 
1531.13 ± o. 68 3.68 ± 1~09 0.04 3804 --> 2273 
1533.83 ± 0.26 8.05 ± 1.20 0.10 5631 --> 4097 
1547.78 t o. 15 16.28 ± 1.33 0.20 3867 --> 2319 
1562.91 ± 0. 11 57.64 ± 3.50 o. 70 . 1563 --> 0 
1566.19 t o. 91 3.40 ± 1. 6 2 0.04 1780 --> 213 
1574.71 ± o. 22 7.13 ± 0.84 0. 09· 3867 --> 2293 
1578.02 t 0.27 8.78 ± . 1. 17 . o. 11 3623 --> 2045 
1594.61 ± 0. 12 33 • .3 4 ± 2.12 0.41 2980 --> 1385 
1612.87 t 0. 11 96.24 t 5.55 1.18 2045 --> 433 
1635.20 t 0. 15 21.54 ± 1.76 0.26 2621 --> 986 
1662.16 ± o. 15 20.98 ± 1. 72 0.26 3955 --> 2"293 
1684.76 ± o. 13 31.62 ± 2.3 8 0.39 2117 .--> 433 
1690.88 t 0.66 3.54 ± 1.20 0.04 4042 --> 23 51 
1726.28 ± 0.37 4.51 ± 0.93 0.06 2869 --> 1142 
1736.29 ± 1. 28 5.64 ± 2.83 0.0.7 3877 -~> 2141 
1738.39 ± 0.85 5.71 ± 3.67 0.07 2886 --> 1148 
1743.18 t o. 52 6.37 ± 1.81 0.08 . 3789 --> 2045 
1745.72 ± o. 52 6.87 ± 1.78 0.08 4097 --> 23.51 
1749.61 t 0. 19 14.48 ± 1.34 0.18 3867 --> 2117 
1753.62 ± 0.39 5. 3 9 ± 1.06 0,07 5601 --> 3848 
1793.62 ± o. 18 15. 3 6 ± . 1. 43 0.19 3934 --> 2141 
1803.55 ± 0.30 13.68 ± 1.97 0.17 4577 --> 2774 
1808.50 ± o. 10 1 60. 54 ± 8.36 1. 96 1808 -->· 0 
1812.76 ± o. 21 14.32 ± 1.59 0.18 3198 --> 1385 
1821.86 ± o. 13 33.02 ± 2.16 0.40 3867 --> 2045 
1831.10 ± o. 22 11.85 ± 1.38 o. 14 3877 --> 2045 
1836.44 ± o. 57 16.30 ± 1 0 .1.0 0.20 2980 --> 1142 
1838.02 ± 0. 41 26.68 ± 9. 8 3 0.33 4620 --> 2782 
1841.63 ± 0.65 4.74 ± 1.43 0.06 3404 --> 1563 
1869.69 ± o. 11 109.21 ± 5.83 1.33 1870 --> 0 
1882.90 t o. 41 5.88 ± 1.21 0.07 4620 --> 2737 
1886.62 ± 0.31 8.34 ± 1 • 2 5 0.10 2319 --> 433 
1892.70 ± o. 24 10.02 ± 1 • 2 1 0.12 3804 --> 1911 
1900.94 ± o. 12 26.45 ± 1.67 0.32 3955 --> 2054 
1908.05 t 0.56 5. 58 ± 1.79 0.07 5775 --> 3867 
1910.72 ± o. 12 66.44 ± 3 •. 85 0.81 1911 --> 0 
1918.98 t 0.36 6.22 ± 1.16 o.o8 2351 --> 433 
1927.64 ± 0.12 42.53 ± 2.75 0.52 2141 --> 213 
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Table 10. (continued) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
(keV) Intensity' per 100 (keV) 

. Bet a Decays 2 

---------------------~--------------------------------------

1933.91 ± o. 29 14.84 ± 2.30 o. 18 . . 3804 --> 1870 
1956.38 ± 0.27 9.95 ± 1.33 o. 12 . 3867 --> 1911 
1978.28 ± o. 15 46.25 ± 3. 2 5 0.57 3848 --> 1870 
19 83. 1 8 ± o. 90 3.99 ± 1.79 0.05 6000 --> 4017 
1991.75 ± o. 26 9.64 ± 1.27 0.12 5396 --> 3404 
19 97.76 ± o. 65 3. 4 4 ± 1 • 11 0.04 3867 --> 1870 
2023.89 ± o. 44 . 7.02 ± 1.51 0.09 2456 --> 433 
2026.88 ± o. 25 13.31 ± 1 .66 0.16 2460 --> 433 
2037.02 ± 0.82 3. 90 ± , • 77 0.05 
2043.82 ± 0. 17 17.51 ± 1.39 0.21 4912 --> 2869 
2054.06 ± o. 12 77.19 ± 4.21 0.94 2054 --> 0 
2058.78 ± 0. 17 20.06 ± 1 .66 0.25 3867 --> 1808 
2068.36 ± 0.24 a. 21 ± 0.92 0.10 3877 --> 1808 
2087.43 ± 0.28 10.04 ± 1.35 0.12 3867 --> 1780 
2147.63 ± 0.30 16.6 4 ± 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 1 o. 3 6 ± 1. 45 0.13 6097 --> 3891 
2229.44 ± 0. 12 54.22 ± 2.99 0.66 4038 --> 1808 
2256.17 ± o. 90 4.47 ± 2.92 0.05 3404 --> 1148 
2258.43 ± 0.36 14.75 ± 2. 7 0 0.18 4577 -.-> 2319 
2262.03 ± o. 30 8.05 ± 1. 12 0.10 4042 --> 1780 
2270.20 ± 0. 12 31.2 8 ± 1 .a o 0.38 3256 --> 986 
2292.80 ± 0. 13 30.7 4 ± 1.90 0.38 2293 --> 0 
2327.50 ± 0.34 6.6 0 ± 0.98 0.08 3891 --> 1563 
2333.97 ± o. 49 .3. 73 ± 0~84 0.05 4790 --> 2456 
2349.58 ± 0. 17 34.78 ± 2.68 0.43 2782 --> 433 
2359.45 ± o. 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 12.9 3 ± 1.35 o. 16 6277 --> 3891 
2398.26 ± 0.33 7.03 ± 1 • 03 0.09 5631 --> 3233 
2403.50 ± 0.57 3.68 ± 0.93 0.04 3789 ~-> 1385 
21.!18.22 ± 0. 22 19.10 :t 1.92 0.23 3404 --> 986 
2451.67 ± 0.76 9.2 6 ± 2.21 0. 11 
2454.97 ± 0.22 27. S2 t 2.71 0.34 3603 --> 1148 
2461.98 ± 0.19 27.64 ± 2.39 0.34 3848 --> 1385 
2491.20 ± o. 22 22.61 ± 2~28 0.28 3877 --> .13 85 
2505.20 ± 0.15 46.62 ± 2.96 0.57 3891 --> 1385 
2523.73 ± o. 46 13.87 ± 5.46 0.17 2737 --> 213 
2 5 50. 06 ± o. 22 15.41 ± 1.46 o. 19 4461 --> 1911 
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Tabie.10. ( Con t in u e d) 

-------------------------------------------------~----------

· Energy Relative In tensity Assignment 
(keV) Intensity' per 100 (keV) 

Beta Decays 2 

------------------------------------------------------------
2557.51 ± o. 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 --> 2771 
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 
2646.56 ± 0.60 10.40 ± 3.04 0.13 3789 --> 1142 
2652.62 ± 0.22 17.85 ± 1.75 0.22 4461 --> 1808 
2661.08 ± o. 22 17;81 ± 1. 70 0.22 3804 --> 1142 
2674.16 ± 0.44 6.08 ± 1 .1 6 0.07 6277 --> 3603 
2704.97 ± o. 17 59.04 ± 4.37 0.72 3848 --> 1142 
2724.60 ± o. 25 31.82 ± q.63 o. 39 3867 --> 1142 
2733.96 ± o·. 95 3.44 ± 1. 31 0.04 3877 --> 1142 
2766.48 ± 0. 17 22.93 ± 1.70 0.28 2980 --> 213 
2773.17 ± 0. 41 6.97 ± 1.23 o.o8 4336 --> 1563 
2799.92 ± 0.43 8.65 ± 1.54 0. 11 4038 --> 1238 
2812.55 ± 0.54 6.23 ± 1 .3 9 0.08 3955 --> 1142 
2861.34 ± o. 15 63.60 ± 3~87 0.78 3848 --> 986 
2869.23 ± o. 18 2 5. 21 ± 1 .88 0.31 2869 --> 0 
2875.28 ± o. 60 5. 98 ± 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 ± o. 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 :1: 2.70 o. 31 4097 --> 1142 
2958.11 ± o. 56 9.2 9 ± 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 4 912 --> 1808 
3113.85 ± o. 24 21.42 ± 1.99 0.26 6000 --> 2886 
3129.22 ± 0.78 4. 9 5 ± 1.52 0.06 
3133.14 ± 0.76 . 5.1 0 ± 1.53 0.06 4912 --> 1780 
3172.09 t o. 35 11. 10 ± 1. Lp 0.14 5631 --> 2460 
3211.55 ± 0.55 6. 4t ± 1 • 3 4 0.08 4991 --> 1780 
3226.31 ± o. Z8 17.37 ± 1.80 0.21 6000 --> 2774 
3296.10 ± 1. 01 4. 0 4 ± 1.72 0.05 5414 --> 2117 
3337.95 ± o. 41 7.80 ± 1.26 0. 10 5631 --> 22 93 
3366.63 ± 0.32 12.99 ± 1 .63 0.16 4509 --> 1142 
3370.97 :t: o. 16 65.35 ± 3.67 o.8o 3804 --> 433 
3389.77 ± 0.88 3.52 ± 1 .14 0.04 3603 --> 213 
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Table 10 •· ( Continued) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
(keV) Intensity' per 1 o·o (keV) 

Beta Decays 2 

------------------------------------------------------------. 
3403.56 ± o. 18 26.29 ± 1 .6 8 0.32 6273 --> 2869 

.3458.19 ± o. 16 213.89 ± 11.41 2. 61 3891 --> 433 
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 32.5 6 ± 6. 91 0.40 3934 --> 433 
3543.95 ± o. 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 ± o. 46 6.1 4 ± 1.07 0.08 5631 --> 2045 
3642.42 ± 0.59 5.60 ± 1 .18 0.07 4790 --> 1148 
3664.75 ± o. 19 31.52 ± 2. 11 0.39 4097 --> 1 433 
3706.58 ± 0.68 4. 20 ± 0.96 o. 05 . 6261 --> 2554 
3721.59 ± o. 44 8.68 ± 1.37 o. 11 3934 --> 213 
3770.36 ± 0.34 10.20 ± 1 .22 0.12 4912 --> 11 42 
3789.26 ± 0.34 8.66 ± 1.09 0.11 3789 --> 0 
3803.98 ± o. 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 o.oa 4991 --> 1142 
3867 .·60 ± 0. 17 1 48. 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 ± o. 33 11.97 ± 1.31 o. 15 3891 --> 0 
3934.34 ± 0. 18 55. 8 0 ± 3.48 0•68 3934 --> 0 
3941.65 ± 0.35 6.49 ± 1.25 o.o8 6261 --·> 2319 
3954.24 ± , • 18 2.22 ± 0.85 0.03 3955 --> 0 
4004.47 :t: 0.76 4.54 ± 1. 11 0.06 6277 --> 2273 
4009.87 ± 1. 20 3.00 ± 1 .11 0.04 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 ± o. 70 0.05 5385 --> 11 42 
4250.90 ± 0.71 2.77 ± 0.67 . o. 03 6707 --> 2456 
4271.23 ± 0.19 19.2 7 ± 1.26 0.24 5414 --> 1142 
4281.87 ± o. 27 9.70 ± 0.83 0.12 4714 --> 433 
4387.87 t 0.37 6.73 ± 0.78 0.08 6707 --> 2319 
4461.38 ± 0.43 ". 4 4 ± 0.61 o.os 4461 --> 0 
4481.20 t 0.57 3.41 ± 0.60 o·. o4 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 ± 0.26 10. 11 ± 0.83 0.12 6261 --> 13 65 
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Table 10. ( Continued) 

Energy 
(keV) 

4890.02 ± 0.83 
4899.36 ± 0.48 
4947.45 ± ·0. 61 
4953.88 ± 1. 13 
4971.81 ± 0.59 
4996.76 ± o. 53 
5138.94 ± 1. 00 
5154.63 ± o. 97 
5164.78 ± 1. 10 
53 96.72 ± 0.91 
5408.99 ± 0.10 

Relative 
Intensityt 

1.50 ± 0.34 
2.84 ± 0.36 
4.01 ± 0.71 
2. 1 4 ± 0.52 
1. 8 5 '± 0.35 
2.87 ± 0.54 
1. 2 5 ± 0.36 
1.30 ± 0.38 
1. 11 ± o. 3'1 
1.69 ± 0.41 
2. 3 0 ± 0.42 

Intensity Assignment 
·per 100 (keV) 

Beta Decaysz 

0.02 
0.03 
0.05 
0.03 
0.02 
o.·o4 
0.02 
0.02 
0.01' 
0.02 
0.03 

6707 --> 1808 
6097 --> 1148 
6 097 -- > 11 42 

5396 --> 0 
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of 1.65 ± O. 30% from the wcrk of Talbert, ~! al• (10). A 

comparison between the en~rgies presented in this work and 

~hose provided by Brissot, ~! s.l~ (34) indicates that the 

values are consistent to within quoted errors in most cases. 

However, these values disagree in a systematic fashion with 

those reported by.Achterberg, tt al• (28). In a similar 

manner a comparison can be made among relative intensities 

quoted in these three works. Such a comparison is made in 

Table 11. Again the values agree quite well with thos€ of 

Brissot, t! sl• but disagree systematically with those pro­

posed by Achterberg, gi a1• 

of the 243 gamma rays d.etermined to be 93Rb photopeaks, 

approxim3.tely 52 have intensities greater than 10 and appear 

not to h3.ve been observed in other studies. This is partial­

ly due to the fact that Brissot, g! 21• reported in their ar­

ticle only th'3 69 transi-ticns which had been placed in their 

final level scheme. They refort they actually observed 162 

transitions but failed to list those which had not been 

placed. An examination of the spectrum provided by 

Achterberg, ~i sl• 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, ~t. ~!.· 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· 

Energy This 
Work 

Ach te rbe rg · 
gi a 1. (31) · 

Brissot_l 
§.! al. (28) 

------------------------------------------------------------
213~39 

219.16 
432.51 
7C9.95 
7 93.65 
986.05 

1148.18 
1238 .• 30 
1332.97 
1385.21 
1562.91 
1612.87 
1808.50 
1869.69 
1910.72 
2054.06 
2229.4.4 
2704.97 
2861.34 
2869.23 
3370.97 
3458.19 
3803.98 
3867.60 
3934.34 

. . 

384 ± 22 
158 ± 9 

1000 ± 53 
308 ± 222 

62 ± 3 
391 ± 20. 

88 ± 5 
85 ± 5 
61 ± 6 

328 ± 17 
58 ± 4 
96 ± 6 

161 ± 8 
109 ± 6 

66 ± 4 
77 ± 4 
54 ± 3 
59 ± 4 
64 ± 4 
64 ± 4 
65 ± 4 

214 ± 11 
90 ± 5 

148 ± 8 
56 ± 3 

385 ± 30 
137 ± 9 

1000 ± 50 
250 ± 40 

49 ± 10 
34 2 ± 3 0 

79 ± 5 
71 ± 7 
36 ± 5 
80 ± 50 

93 ± 13 
124 ± 11 

85 ± 7 
40 ± 11 
63 ± 5 
21 ± 5 
42 ± 4 

40 ± 7 
145 ± 19 

45 ·± 5 
47 ± 13 
39 ± 7 

388 
152 

1000 
302 

66 
380 
109 

90 

338 
62 

104 
152 
110 

74 
75 
55 
58 
35 

80 
255 
107 
17 4 
54 

-~--~~~~~·~-~-~---------------------------------------------

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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Mul~i~lets whic~ had previously been reported as single 

peaks were also resolved at 1148~1150, 1746-1750, 

1836-1838-18~2, 1992-1998, and 2955-2958 keV. Ten gamma rays 

not observed in this work are placed in th~ level scheme 

offered by Brissot, ~! S:l• (34). seven of these transitions 

are placed between levels also proposed in this work on the 

basis of different gamma rays. The ether three, along with 

the 2230-keV gamma ray, are used to define a level at 4284 

keV. In this work the 2230-keV gamma ray i~ placed elsewhere 

based on coincidenc~ information and no level is prese~t at 

4284 kev. Achterberg, ~i ~.!· (28) reported seven gamma rays 

not seen in this study. six of these depopulate levels which 

are not evident in this study or .that of Brissot, ~ ~l· The 

other gamma ray was not placed in their level scheme. 

The coincidence information is compiled in Table 12. 

The coincidences observed in this work are consistent with 

the small number of coincidences reported by Achterberg, ~! 

al• (28). Althouqh only five coincidence ,gates were examined 

by Brissot, ~! 9:1· (34) a rather large amount of information 

was obtained in these gates. These coincidences are also· 

consistent with the information repotted here except fer co­

incidences between the 1927-keV gamma ray and the 432- and 

710-keV gamma rays. In this work the 1927-keV gamma ray 

appears to be in coincidence only with the 213-keV .gamma ray. 

It is therefore placed as feeding this level. In the work 
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Table 12. Coincidences observed in the decay of 9"3Rb. 

Gate 
(keV) 

Definit~ Coincidences 
(keV) 

Possible Coincidences 
(keV) 

-----------------~-------------------------~----------------

213.4 

219.2 

432.5 

710.0 

793.7 

929.0 

934.7 

986. 1 

1 06 8. 5 

1096.7 

1130.2 

11 50. 3 

1238.2 

1315.6 

1333.0 

219, 710, 929, 935, 1928, 
2524 

213, 710, 1613~ 2150· 

710, 1096, 1130, 1150, 
1437, 1612, 1684 

213, 219, 432, 1150 

986 

213 

213 

794, 1333, 1635, 2087 

432 

432 

432, 710 

986 

1349.7 213 

1365.4 986 

1385.2 1389, 2505 

1437.1 

1350, 1612, 2350 

768, 1096 

1831, 2026, 2350 

768, 26 46, 2661 

2087, 2262 

822, 1286, 1365, 1548, 
2270 

1501 

213, 219 

710 

1316 

1238 

1547 

1501, 2491 

432 
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Table 12. . (Continued) 

------------------------------------------------------------
Gate 
(keV) 

·nefinite.coincidenc~~ 
(keV.) 

Possible Coin ci'dences 
(keV) 

. . 

-----------~----------------~---------------~---------------

1501 •. 1 1385 

1547.8 9861 1333 

1594.6 1385 

1612.9 21 31 2191.4321 1822 1831 

1635.3 986 

1662.2 7101 11 50 

1684.8 432 

1808.5 2229 2059 

1812.8 ·1385 

1821. 9 4321 1613 

1869.7 1978 

1900.9 2054 

1927.6 213 

1978.3 18 69 

2026.9 43 2 

2058.8 1808 

2087.4 7941 986 

2229.4 1808 

2262.0 794 

2349.6 21 31 219, 432 

2418.2 986 
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Table 12. (Continued) 

------------------------------------------------------------
Gate 
(keV) 

Definite Coincidence·s 
· (keV) 

Possible Coincidences 
(keV) 

---~--------------------------------~-----------------------

2491.2 1385 

2505.2 1385 

2523.7 213 

2646.6 4321 710 

2661.1 43 21 710 

2705.0 4321 710 2131 219 

2724.6 43 21 710 

2861.3 986 

2954.9 4321 710 

3371.0 2131 2191 432 
'~ 

3458.2 2131 2191 432 

3501.9 213, 219, 432 

3664.7 432 

-~ ~·~~~~~ ~ ~~ ------------ ---~-------- -------------------------
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of Brissot, et al., 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 positioned. elsewhere on 

the basis of coincidence information in this work the exist-

ence of this level seems unlikely. Brissot, 21 sl• also list 

the coincidences 432-1837, and 986~2890 not seen in this 

study. However these.two gamma rays were placed between the 

same levels in this study on the basis of energy sums alone. 

Information from 53 coincidence gates was used to build the 

final level scheme shown in Figure 15. This level scheme · 

contains 74 levels based on. the placement of 231 gamma rays 

repte~enting approximately 99.5% of the total gamma intensi~y 

observed. In all, using this coincidence information; it is 

~ossible to verify 41 of the 73 excited levels i~ th~· level 

sch~me proposed in this .work. sinte, in.general, the·gamm~- · 

ray intensities reported here agree with those reported by 

.Brissot, €.1 sl· (34), the discrepancy between that work and 

the study of· Achterberg, ~ ~l· appea.rs to be resolved. 

Based on .the gamma-ray information Brissot, ~ si• did pre­

sent, it seems that their reported energies and intensities 

are in most cases corr~ct~ 
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c. Decay of 93Kr 

The 93Kr enhanced decay spectrum is shown in Figure 16. 

Due to the complexity of the low-energy region of this decay, 

a LEPS spectrum for the region 0-350 keV is also provided in 

Figure 17. The Au x-rays in this spectrum result from tbe 

presence of Au electrical contacts in the Ge(Li) detectors. 

The number of full-energy peaks in this spectrum was deter­

mined to be 217 and ~hese gamma rays are listed in Table. 13. 

A ground-state beta branching of 0% was adopted from the work 

of Achterberg, ~!. ~l· (28) • This branching value, in addi­

~ion to a delayed neutron e~ission probability of 2.6 ± 0.5% 

(10), was used to calculate the absolute gamma-ray intensi­

ties quoted in Table 13. In this decay the most intense p~ak 

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 most cases, to 

within errors quoted in the ether articles published on the 

decay of this nuclide (28,34). 

Although the intensities reported in this study agree 

fairly well with those prOFOSed by Brissot, ~!, sl• (34), 

therE are some important discrepancies. .The first difference 

results from their failure tc examine the low-energt region 

in satisfactory ~etail. Consequently the low-~nergy 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. Gamma rays observed in the decay of 93 Kr. 

-----------------~--------------------------------~---------

Energy 
(keV) 

Relative 
Intensityl 

Intensity Assignment 
per 100 (keV) 

Beta Decays 2 

----------------------------------------~-------------------

57.11 ± 0.05 
70.57 ± 0.05 

182.02 ± 0.05 
191.06 ± 0.08 
239.26 ± o. 22 
252.51 ± 0.06 
253.42 ± 0.05 
254.83 ± o. 05 
266.83 ± 0.05 
292.88 ± 0.08 
3 1 6. 72 ± 0. 0 9 
323.89 ± 0.05 
399.01 ± 0.12 
401.51 ± 0.28 
480.44 ± 0.20 
491.93 ± o. 22 
496.56 ± 0.05 
519.78 ± 0.19 
529.59 ± 0.05 
553.53 ± o. 20 
55 5. 41 ± 0. 1 5 
567.05 ± 0.11 
570.16 ± o. o5· 
578.73 ± 0.17 
616.51 ± 0.11 
623.64 ± o. 16 
643.18 ± 0.23 
644.78 ± 0.09 
686.51 ± 0.11 
713.34 ± o. 36 
716.89. ± 0.48 
722.68 ± 0.08 

10 .. 70 ± 0.54 
64.20 ± 3.21 

223.33 ± 11.62 
3.24 ± 0.32 
6.61 ± 1.21 

810.99 ± 42.14 
1707.97 ± 88.76 

28.86 ± 2.90 
853.77 ± 43.05 

3.7~ ± 0.25' 
10.03 ± 0.77 

10 00. 0 0 ± 50. 17 
4.85 ± 0.41 
1.87 ± 0.34 
3.59 ± 0.50 
3.25 ± 0.49 

75.24 ± 3.84 
3.99 ± 0.54 

20.43 ± 1.07 
3.17 ± 0.48 
4.30 ± 0.51 
6.92 ± 0.54 

49.44 ± 2.53 
3.50 ± 0.40 
4.19 ± 0.32 
2.14 ± 0~23 
3. 77 ± 0.86 

11.16 ± 1.02 
5.56 ± 0.42 
2.31 ± 0.44 
2.07 ± 0.53 

11.30 ± 0.71 

' o. 26 
1.55 
5.39 
o.oa 
o. 16 

19.58 
41.24 
0.70 

20.53 
0.09 
0.24 

24. 15 
o. 12 
o.os 
0.09 
o.o8 
1. 82 
0.10 
0.49 
0.08 
0.10 
0.17 
1.20 
o.o8 
0.10 
o.os 
0.09 
0.27 
0. 13 
0.06 
0.05 
o. 27 

324 
324 
506 

2856 
1880 

506 
253 

5920 
267 

1850 
4051 

324 
2609 
1964 
2169 
3494 

820 
3265 
1350 

820 
3801 

820 
2856 
6070 
5665 
:2265 
2286 
2609 
2856 

--> 2 67 
--> 2 53 
--> 324 
--> 2665 
--> 1641 
--> 2 53 
--> 0 
--> 5665 
--> 0 
--> 1558 
--> 3734 
--> 0 
--> 2210 
--> 1563 
--'> 16 89 
--> 3002 
--> 324 
--> 2745 
--> 820 
--> 2 67 
--> 3245 
--> 2 53 
--> 2286 
--> '5.4 92 
--> 5049 
--> 1641 
--> 1642 
--> 1964 
--> 2169 

2286 --> 1563 

lMeasured relative to th~ 323.9-keV transition (Iy = 1000). 
2Calcul3ted from relative intensities using the factor 

0.0246 based on the decay scheme proposed with 0% beta 
branchi~g to the ground state of 93Rb and a delayed neutron 
emissior. probability of 2.6%. 
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Table 13. ( continued) 

------------------------------------------------------------
Energy · Relative Intensity Assignment 
.(keV) Intensityt per 100 (keV) 

Beta Decays z 

------------------------------------------------------------
733.72 ± 0.05 36.3 9 ± 1. 86 0.88 2084 --> 13 50 
7 37 ~ 24 ± o. 23 2. 20 ± 0.31 0.05 1558 --> 820. 
770.70 ± 0.37 5. 70 ± 0.95 0.14 4051 --> 3280 
777.5 7 ± 0. 10 8. 26. ± 0.62 0.20 3063 --> 22 86 
8io. 45 ± o. 05 1 54. 4 4 ± 8.04 3.73 820 --> 0 
844.12 ± 0.06 23.2 7 ± 1.21 0.56 1350 --> 5·o6 
852.66 ± 0.12 3.85 ± 0.32 0.09 3063 --> 2210 
891.46 ± 0.60 1.33 ± 0.39 0.03 2856 --> 1964 
895.05 ± 0. 13 7.1 8 ± 0.55 0.17 2745 --> 1850 
8 98. 0 3 ± o. 47 1. 7 6 ± 0. 4 2 0.04 5759 --> 4861 
921.19 ± o. 10 9.42 ± 0.66 . o. 23 3777 --> 2856 
965.01 ± 0. 11 8.99 ± 0.71 0.22 2815 --> 1850 
976. 08 ± 0.06 29.37 ± 1.60 o. 71 2665 --> 1689 

1000.53 ± 0.34 1. 8 5 ± 0.35" 0.04 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 ± o. 14 5.04 ± o. 45 0.12 2609 --> 1563 
1051.69 ± 0.30 3.07 ± 0.51 0.07 1558 --> 506 
1054.55 ± 0.23 4. 4 5 ± 0.53 0. 11 3265 --> 2210 
1058.71 ± 0. 17 12.76 ± 1.70 0.31 5920 --> 4861 
1060.53 ± o. 13 15.9 3 ± 1.81 o. 38 4861 --> 3800 
1080.58 ± 0.69 1.69 ± 0.56 0.04 6572 --> 54 92 
1083.42 ± 0.06 33.81 ± 1. 8 0 0.;82 1350 --> 267 
1 0 97. 14 ± 0.09 5.30 ± 1.00 0.13 1350 --> 2 53 
1126.28 ± o. 33 2.79 ± 0. 4 9 0.07 2815 --> 1689 
1136.06 ± 0.34 3. 2'~ ± 0.59 0.08 1 6U.?. --) .5 06 
1139.17 ± 0. 18 7.96 ± 0.70 0.19 3308 --> 2169 
1157.09 ± 0. 11 13. 11 ± 1.02 0.32 5237 --> 4080 
1191.49 ± 0.09 9.63 ± 0.62 0.23 3801 --> 2609 
1214.98 ± 0.05 72.7 0 ± 3.77 1. 76 2856 --·> 1641 
1235.53 ± o. 30 5. 4 8 ± 0.87 0.13 3245 --> 2009 
1238.76 ± 0.06 46.01 ± 2.49 1. 11 1563 --> 324 
1290.54 ± o. 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 --> 2 53 
1313.44 ± 0. 14 12. 1 6 ± 0.99 0.29 3002 --> 1689 
1318.38 ± 0. 14 38.0 6 ± 3.48 0.92 1642 --> 324 
1350.24 ± 0.06 30.9 8 ± 1.67 0.75 1350 --> 0 
1360.26 ± 0. 11 9. 3 5 ± 0.65 0.23 3002 --> 16 41 
1364.77 ± 0.09 28. 3 3 ± 1.96 0.68 1689 --> 324 
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Table 13. (Cent in ued) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
(keV) Intensityl per 100 (keV) 

Bet a Decays 2 

------------------------------------------------------------
1374.78 ± 0.09 17.55 ± 1.17 0.42 3063 --> 1689 
1382.67 ± 0.34 . . 1. 83 ± 1 .62 0.19 3551 --> 2169 
1387.92 ± 0.09 56.07 ± 3.81 1.35 1641 --> 2 53 
1421.79 ± 0.06 39.97 ± 2.12 0.97 1689 --> 267 
1435.35 ± o. 13 41.52 ± 3.10 1.00 1689 --> 253 
1445.64 ± o. 18 8.36 ± o. 87· 0."20 5496 --> 4051 
1458.50 ± 0.09 16.44 ± 1. 07 0.40 1964 --> 506 
1471.32 ± o. 32 15.71 ± 1.68 0.38 4080 --> 2609 
1505.76 ± 0.06 92. 51 ± 4.81 2.23 2856 --> 13 50 
1508.41 ± o. 23 9.00 ± 1.28 0.22 3359 --> 1850 
1525.89 ± 0.20 8.88 ± 1.00 0.21 1850 --> 324 
1528.88 ± o. 30 5.98 ± o. 94 0.14 3494 --> 1964 
1543.15 ± o. 11 14.1 9 ± 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 ± 0.56 3.66 ± 0.96 0.09 3265 _ ... > 1689 
1586.89 ± 0.07 3 5. 11 ± 1. 9 5 0.85 3551 ---> 1964 
1596.20 ± 0.06 56.6 7 ± 2.99 1.37 1850 --> 253 
1613.33 ± 0.08 14.30 ± 2.50 0.35 1880 --> 267 
1616.85 ± 0.77 2.77 ± o. 99 0.07 4861 ·--> 3245 
16 27. 10 ± 0.06 82.10 ± 4.36 1.98 1880 --> 253 
1638.04 ± o. 19 20.86 ± 1.86 0.50 3280 --> 1642 
1641.08 ± 0.06 59.71 ± 3.14 1 .• 44 1641 --> 0 
1651.87 ± o. 08 28.72 ± 1.67 0.69 3002 --> 13 50 
1662.74 ± 0.13 16.96 ± 1.27 0.41 2169 --> 506 
1666.31 ± o. 50 3.43 ± 0.92 o.o8 3308 --> 1642 
1681.91 ± 0.71 3. 98 ± 1.00 0.10 3245 --> 1563 
1685.07 ± 0.20 22.68 ± 1. 97 o. 55 2009 --> 324 
1687.44 ± o. 50 5.95 ± 2.05 o. 14 3245 --> . 1558 
1697.84 ± o. 06 58.43 ± 3.22 1.41 1964 --> 267 
1704.45 ± 0.18 10.54 ± 1. 01 0.25 2210 --> 506 
1710.78 ± o. 18 20.83 ± 2.19 0.50 1964 --> 253 
1713.38 ± 0.28 12.81 ± 1 • 96 0.31 3063 --> 13 50 
1742.49 ±. o. 08 53. 28 ± 3.18 1.29 2009 --> 267 
1745.28 ± 0.20 17.2 0 ± 1 • 82 0.42 3308 --> 1563 
1755.88 ± 0. 19 13. 11 ± 1.29 0.32 2009 --> 2 53 
1779.68 ± o.o8 23.78 ± 1 • 3 9 o. 57 . 2285 --> 506 

. 1785.80 ± o. 40 5. 1 3 ± 0.98 0.12 4051 --> 2265 
1788.96 ± 0 •. 17 12.98 ± 1.17 0.31 2609 --> 820 
1794.80 ± 0.08 35.9 8 ± 2.03 0.87 4080. --> 2286 
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Table 13. (Continued) 

----------------------------~-------------------------------

Energy Relative Intensity Assignment 
(keV) Intensi ty1 per 100 (keV) 

Beta Decays 2 

------------------------------------------------------------
1798.25 ± 0.26 7.53 ± 0.95 0.18 4861 :--> . 3063 
1803.71 ± o. 17 9.22 ± 0.84 0.22 5049 --> 3245 
1822.26 ± 1. 19 6.64 ± 11 • 3 5 0.16 3465 --> 1642 
1 8 2 3. 76 ± 0.80 14. 17 ± 11.4 2 0.34 3465 --> 1641 
18 40. 12 ± 0.34 11.01 ± 3.40 0.27 4051 --> 2210 
18 50 .. 10 ± o. 27 4.01 ± 0.55 0. 10 1850 --> 0 
1862.68 ± 0.12 11 • 0 4 ± 0.78 0.27 3 551 --·> 16.89 
1886.79 ± o. 08 28.99 ± 1.68 0.70 2210 ~-> 324 
1929.71 ± o. 34 13.21 ± 1. 95 0.32 3280 ··-·> 135.0 
1943.54 ± o. 11 19.71 ± 1.32 o •. 48 2210 --> 267 
1957.10 ± 0. 18 14.49 ± 1.38 0.35 2210 --> 253 
1961.83 ± 0.06 74.06 ± 3.91 1. 79 2286 --> 324 
1989.29 ± b. 26 11. 6 6 ± 1.35 0.28 3631 --> 1642 
1994.41 ± 0.21 10.79 ± 1 • 11 0.26 . 2815 --> 820 
2011.68 ± o. 19 9.54 ± 0.91 0.23 2265 --> 253 
2018.87 ± 0.07 58.27 ± 3.07 . 1. 41 2286 --> 267 
2035.36 ± 0.07 75.14 ± 3.89 1.81 2856 --> 820 
2082.62 ± 0. 14 12.27 ± 0.90 o. 30 . 5860 --> 3777 
2088.24 ± 0.19 11.3 4 ± 1.01 0.27 3777 . -->· 1689 
2160.02 ± 0.46 2.83 ± o. 6 0 0.07 3801 --> 1641 
2179.28 ± 1. 17 3.97 ± 3. 26 0.10 6260 -~> 4080 
2181.54 ± 0. 12 48.1 6 ± 4.06 1~ 16 3002 --> 820 
2235.44 ± 0.76 3.01 ± 0.92 0.07 5237 --> 3002 
2239.21 ± o. 31 7.41 ± 1.00 0. 18 2745 --> 506 
2308.30 ± 0. 52 3.1 4 ± 0.73 o.o8 5860 --> 3551 
2342.37 ± 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 5.6 9 ± 2.04 0.14 5920 --> 3551 
2411.44 ± 0. 15 12.82 ± 0.89 0. 31 2665 --> 2 53 
2424.26 ± 0.25 7.18 ± 0.76 0. 17 3245 --> 820 
2491.24 ± 0.31 19.35 ± 2.62 0.47 2815 --> 324 
2496.05 ± o. 10 95.42 ± 4.98 2.30 . 3002 --> 506 
2517.35 ± 0.56 3.23 ± 0.73 0.08 4080 --> 1563 
2521.47 ± o. 16 19.61 ± 1 .2 5 0.47 6572 --> 40 51 
2531.85 ± o. ~8 5.39 ± 0. 6 3 o. 13 2856 --> 324 
2548.02 ± o. 17 2 5. 83 ± 1.99 0.62 2815 --> 2 67 

·2557.26 ± 0. 16 24.28 ± 1. 70 . b. 5·9 3063 --> 506 
2561.33 ± 0. 12 41.41 t 2.42 1. 00 2815 --> 253 
2589.18 ± 0. 15 21.20 ± 1. 4 3 o. 51 2856 --> 2 67 
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Table 13. {Cant in ued) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
{keV) Intensityt per 100 (keV) 

Beta Decays 2 

--------------------------------------------------------~---

2602.61 ± 0. 11 1 73. 9 8 ± 9.06 4. 20 2856 --> 2 53 
2606.65 ± o. 19 29.52 ± 2.43 0.71 5965 --> 3359 
2663.49 ± o. 20 21. 17 ± 2.22 o. 51 5665 --> 3002 
2678.04 ± 0.35 10.89 ± 1. 90 0.26 3002 --> 324 
2700.46 ± 0.32 9.09 ± 1 .1 0 o. 22 4051 --> 1350 

. 2720.24 ± o. 35 8.32 ± 0.96 0.20 5965 --> 3245 
2739.14 ± o. 12 21.10 ± 1.21 0.51 3063 --> 324 
2755.62 ± 0.25 8.88 ± 0.92 o. 21 
2772.85 ± 0.28 8.4 9 ± 0.92 0.21 
2782.26 ± 0.20 22.89 ± 1.81 o. 55 
2796.56 ± 0. 16 15.02 ± 1.03 0.36 3063 --> 267 
2809.92 ± 0. 12 18. 3 4 ± 1.04 0.44 3063 --> 2 53 
2 8 26. 62 ± 0.24 8.06 ± 0.81 0.19 5491 --> 2665 
2838.48 ± o. 30 7. 4 8 ± 0. 89 0.18 5049 --> 2210 
2846.03 ± o. 45 26.65 ± 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"± 0.30 8.61 ± 1 • 04 0.21 3734 ~-> 820 
2944. 60" ± 0.40 7.29 ± 1. 21 0.18 5759 --> 2815 
2948.32 ± 0. 19 25.14 ± 1. 6 8 0.61 6725 --> 3777 
2956.68 ± 0.16 24.78 ± 1.66 0.60 3777 --> 820 
2972.22 ± 0.20 18. 12 ± 1.75 0.44 
2998.45 ± 0.30 25.96 ± 6.14 0.63 3265 --·> 267 
3000.49 ± 0.54 13.50 ± 6. 11 o. 33 5665 --> 2665 
3014.66 ± 0.45 12.91 ± 4 .04 0.31 5759 --> 2745 
3026.51 ± o. 30 7.16 :1:: 0.95 0.17 3280 --) /.53 
3097.65 ± 0.52 3. 2 3 ± 0.85 0.08 
3105.40 ± 0.20 12.23 ± 0.98 . o. 30 3359 --> 2 53 
3150.82 ± 0.48 8.71 ± 2.13 0.21 5965 --> 2815 
3196.79 ± o. 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 ± o. 15 41.42 ± 2. 82 1.00 3 494 --> 267 
3229.89 ± o. 66 6.10 ± 1.95 0.15 4051 --> 820 
3250.30 ± 0.27 6.50 ± 0.6 9 0.16 5860 --> 2609 
3260.69 ± 0.48 3.64 ± 0.63 0.09 6725 --> 34 65 
3281.12 ± 0.66 3.32 ± 0.81 0.08 5492 --> 2210 
3285.26 ± 0.34 7.34 ± 0.85 0.18 5496 --> 2210 
3294.82 ± 0.76 8.64 ± 1 • 4 8 0.21 3801 --> 506 
3298.31 ± 0 0 19 26. 63 ± 2.12 0.64 3551 --> 253 
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Table 13. ( Continued) 

------------------------------------------------------------
Energy Relative Intensity Assignment 
(keV) Intensityl per 100 (keV) 

Beta Decays 2 

------------------------------------------------------------
3303.90 ± 0.83 4.45 ± -1.32 . o. 11 . 4861 --> 1558 
3307.19 ± 0.74 4. 1 7 ± 1 • 4 4 0.10 3631 --> 324 
3355.97·± 0.54 8.66 ± 2.58 o. 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 --> 22 86 
3408.09 ± 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 ± O.E3 29.2 8 ± 5.43 0.71 6725 --> 3265 
3464.39 ± 1.24 13.08 ± 3.73 0.32 3465 --> 0 
3467.20 ± 1. 02 11.0 4 ± 5.23 0.27 3734 --> 267. 
3471.26 ± 0.53 6.33 ± 1.3 9 0.15 
3U82.42 ± 0.45 4.94 ± 0.80 0.12 5492 --> 2009 
3582.65 ± 0.26 6. 2 7 ± 0.62 0.15 
3634.67 ± o. 30 7.89 ± 0.88 0.19 5920 --> 2286 
3645.86 ± 0. 52 9.74 ± 2.25 0.24 5496 --:> 18 50 
3649.21 ± o. 43 12.71 ± 2.23 o. 31 5860 --> 2210· 
3655.45 ± 0.46 5.72 ± 0.88 0.14 5920 --> 2265 
3705.87 ± 0. 16 12.27 ± 0.83 o. 30 
3776.02 ± 0.30 6.1 4 ± 0.66 0.15 5860 --> 2084 
3795.80 ± 1. 08 1.55 ± 0.50 0.04 5965 --> 21 69 
3 887.09 ± 0.43 5.26 ± 0.79 0.13 5237 --> 1350 

. 4014.14 ± 1.08 2.49 ± 1.05 0.06 
4032.88 ± o. 20 8.77 ± 0.67 o. 21 

------------------------------------------------------------
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mately three times that of·the 253.5-keV member of this mul­

tiplet. This int~nsity apfortionment is obviously not con­

sistent with that from the fit of this multiplet shown in 

Figure 8. Finally, the gamma ray at 505.8 keV was reported 

to have an intensi~y of 100 as compared to an intensity of 

34.0 ± 1.8 as reported in this work. In this work the 

505.8-keV peak was ass~med to b~ due entirely to sum peaking. 

This statement is support~d by the correlation between 

source-to-detector distance and the intensity of this peak. 

Brissot, ~i ~1· (34) state that their detectors were posi­

tioned approximately 1 em .from the ~3Kr source. In this 

study the source-to-detector distance was approximately 2 em. 

Since the intensity of a sum peak varies with the solid 

angle subtended by the detector, the intensity ratio of a $Urn 

peak observed in these two works should be approximately 4. : 

1. The ratio is slightly less than this~ as one would 

expect, because the distance should actually be measured from 

the source to the effective 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 rather large intensity 

because it is possible to sum two different intense cascades 

to ottain a peak at this energy. The intensity of this sum 

peak also agrees fairly well.with the QXp~ctGd intensity 

based on the identification of a definite sum peak in the 

93Sr decay. 
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Biissot, !i !l• again report only the transi£ions ~laced 

in their final level scheme. They mention that they observed 

114 transitions but energie~ are quoted for ~ust 43 transi­

tions which represent only 85% of the gamma intensity ob­

served. Thu~ some of the 41 gamma rays with intensities 

greater than 10.not previously reported may also have been 

observed by Brissot, §i !l• As before, Achterberg, ~! !l• 

(28) provide a spectrum which illustrates why such a lar~e 

number of gamma rays were not observed in their study. The 

324-keV peak has a height cf only 7.5 x 103 counts while the 

same peak in the spectrum Ftovided here has a height of 

almost 2.0 x 106 counts. Brissot, !! sl· do not provide any 

spectrum for this decay so again no comparison with their 

data can easily be made. Multiplets have also been resolved 

at. 643-645, 1059-1061, 1136-1139, 1291-1296, 1711-1713, 

1742-1745, 1795-1798, 2557-2561, 2603-2607 and 3227-3230 keV 

where previously only single ~eaks had been reported. 

Rdfi~nt., §L al· do report ~eaks at energies of 1091.0 and 

1613.8 keV which are comprised in large part of 93Rb contam­

ination peaks according to this study. These transiticns 

have intensities in this wcrk of 0.5 and 1.4, respectively 

while Brissot, !i !l• report intensities of 1.2 and 2.4 re­

spectiv8ly. These gamma rays are placed between the same 

levels in both works. 
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Achterberg, ~! ~1· report 12 gamma rays which are not 

presen~ in this study. Two of these, at .1077 and 2626 keV, 

are ~etermined to be escape ~eaks while that at.1750 keV is 

partially an escape peak and partially a 93~b peak. The 

other nine gamma rays are place~ using l~vels. ~hich are bas~d 

largely on these transitions themselves and which are not 

present in the level schemes proposed in this work or that of 

Brissot, et al. 
. -- --

A comparison of intensities with those reported by 

_Achterberg, g! sl~ and Brissot, et ~1· is made in Table 1ij. 

As mentioned in the discussion of the 93Rb decay, the inten-

sities disagree in a systema~ic fashion. Since the deviation 

between intensities follows the same general pattern in ·both 

the CJ3Rb and 93Kr decays it appears that the disagreement 

must result from the efficiency curves.used for the detec-

tors. Because the results reported here agree, in general, 

with those of Brissot, ~! sl• (34), it would seem that th~ 

intensities reported by Achterberg, ~! sl• ( 28) are suspect. 

Doubt about the accuracy of these intensities is reinforced 

by two previous cases of intensity disparity with studies 

performed at IALE •. In a recent study of the decays of 91Kr 

and 91Rb, Glascock (45) r~ported a similar pattern of inten­

sity discrepancies. An earlier study of the decays of 13BX~ 

and t3ecs by carlson, ~! ~1· (46) 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 

Energy 

70.57 
182.02 
252.51 
2 53. 42 
2 66. 83 
323.89 
496.56 
820.45 

1026.19 
1214.98 
1296.08 
1387.92 
1505.76 
1596.20 
1627.10 
1641.08 
1697.84 
1742.49 
1961.83 
2018.87 
2035.36 
2349.96 
2496.05 
2602.61 
2855.98 

This 
··Work 

64 ± 
232 ± 
806 ± 

1698 ± 
850 ± 

1000 ± 
75 ± 

154 ±· 
90 ± 
73 ± 
78 ± 
56 ± 
93 ± 
57 ± 
82 ± 
60 ± 
58 ± 
53 ± 
74 ± 
58 ± 
75 ± 

306 ± 
95 ± 

174 ± 
90 ± 

3 
12 
42 
89 
43 
50 

4 
8 
5 
4 
4 
4 
5 
3 
4 
3 
3 
3 
4 
3 
4 

16 
5 
9 
5 

Achterberg 
~1 al· (31) 

110 ± 40 
223 ± 15 

1000 ± 100 
1505 ± 150 

855 ± 40 
1000 ± 50 

61 ± 5 
135 ± 10 

62 ± 7 
58 ± 7 
45 ± 4 

64 ± 7 

56 ± 8 
61 ± 7 

32 ± 5 
41 ± 5 
27 ± 4 
51 ± 7 

164 ± 21 
56 ± 10 

104 ± 10 
45 ± 10 

Brissot' 
g,_i ~l· (28) 

2-40 
1.850 
660 
820 . 

1000 
86 

180 
83 

84 
83 
73 

73 
58 
43 
51 
56 
54 
59 

239 
69 

154 
76 

-- .... ''' .. ~··· ...... '- .. ·- ~·· -·-· -------------- --·---""' ..... ~·~-~--- ----------------
1 The intensity uncertainties are reported to vary between 5 

and 10% depending on the gamma ray • s intensity 
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at IALE (47). This last work is especially important since 

Achterberg, et sl• (4·7) use the 13 axe and· 13 acs decay tr ansi­

tions for on.:.line intensity calibration. If their intensity 

values for these· transitions are inaccurate the intensities 

of the A =·93 decay transitions will also be. incorrect~ The 

total gamma-ray intensity. cf the 253-keV doublet is the same 

in both th1s work and that of Achterberg, ~ sl• The parti­

tioning of this intensity is rather different however. From 

the LEP'S spectrum analysis, the in tensity ratio for· the two 

p~aks is 2.1 while Achterberg, ~i sl• ieport an intensity 

ratio of 1.S. The value reported in the present woik was ac~ 

tually observed in three different experiments, the two lo~ 

energy studies mentioned earlier and the final singles spec­

trum using a 60-cm3 Ge(Li) detector. A third value for the 

intensity of the 505.8-keV peak, 75 ± 10, is also reported in 

the latter work~ such an intensity for this sum peak indi­

cates a source-to-detector distance of between 1 and 2 em; 

however, Achterberg, ~i sl• did not report this distance in 

their article. 

Gamma-gamma coincidence data were also accumulated for 

the 93Kr decay. In contrast to the other two decays, howev­

er, the coincidences reported in this case vary quite .a bit 

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 _93Kt 

------~-----------~-----------------------------------------

Gate 
(keV) 

Definite Coincidences 
(kev) 

Possible CoincideTices 
(keV) 

-----------------------------------------------------------­. 
57. 1 

70.6 

182.0 

2 52. 51 

2 53. 31 

266.8 

323.9 

182, 267 

18 2, 2 53 

253, 324, 2350 

253 

182, 253, 844, 1387, 
1627, 2350, 2496, 2602 

18 2, 2 52 

570, 1083, 1296, 1421, 
1697, 1742, 2018 

182, 496, 1026, 1238, 
1318, 1685, 1961, 2035, 
2350 

496.6 324 

570.2 267, 324 

820.4 2035 

1026.:l 324, '1505 

1083.4 267 

1296.1 267 

1435.4 

2350, 2 496 

5 70 , 1 4 3 5 , 1 7 7 9 

1318, 1505, 1586,-1638, 
2035 

976, 1365, 1471, 1505, 
2496 

253 

1651 

253 

tCoincidence assignments based on LEPS - Ge (Li) coinci­
dences 

2Coincidences observed in gate on entire 253-keV doublet 



Table J5. 

Gate 
(keV) 

1458.5 

1505.8 

1638.0 

16 97.8 

1742.5 

1779.7 

1789.0 

1961.8 

2035.4 

2350.0 

2496.0 

93 

(Continued) 

Definite Coincidences 
(keV) 

25 3, 267, 1026 

267 

267 

253 

324 

324, 820 

253, ~24 

253 

Possible Coincidences 
(keV) 

253 

324 

253, 26 7, 324 

570 

253, 267 

253 

496 

182 

324 

-----------------------------------------------------------~ 
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ample the gamma rays at 529.6, 1215.0, 1364.8, 1421.8, 1710.8 

and 2181 .• 5 keV were placed in this work on the basis of en~r­

gy sums alone but their placements are the same as those pro­

posed on the basis of coin~idence information reported in the 

other works (28,34). Similarly, gamma rays at 733.7, 921.2, 

976.1, 1637.7 and 2956.7 keV were placed in a cascade cor.­

sistent with the coincidences observed by the ethers. In the 

latter case, though, other gamma rays should also have been 

seen in these cascades. It should be noted that these gamma 

rays were either not placed by the authors reporting their 

coincidences or were also FOSitioned such that other interme­

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, ~ sl• (34) on 

the basis of the same observed coincidences. Achterberg,~· 

s1• 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 coincidence gate. A gamma 

ray at 1060.3 keV is reported to be in coincidence with the 

267-keV ~ransition by Brissot, ~! s1• 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., !U;. sl• 

Conflicting coincidences are reported for the 1961.8-keV 

gamma ray. In ~his work it can be placed on the basis of co-
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incidence information, while Achterberg, ~ ~l· cannot place 

it using their reported coincidence. Finally Brissot, ~i sl• 

report coincidences for the 1978.7- and the 3105.4-keV gamma 

rays. In both cases they were unable to place the gamma 

rays. The former gamma ray was removed in this ~ork tecause 

it is the combination 6f a· double escape.peak for 93K~ and a 

peak from the 93Rb decay. The latter gamma ray was-placed 

between levels which result in its "crossing-over'' the gamma 

ray with which others reported it to be i~ coincidence. This 

last placemen~ is the only one which is actually in centr~­

diction with the coincidence information presented in ether 

works. Approximately 98.5% of the total gamma-ray intensity 

observed has been placed in the final level scheme. This· in­

tensity percentage is based on the placement of 203 gamma 

rays in a level scheme consistipg of 56 levels. The final 

level sc~eme for the 93Kr decay is presented in Figure 18. 

D. Beta Branchings and Log!i Values 

once the gamma-ray placements in a level scheme were de­

termined the program LEAF was used to find the best level en­

ergies and the per cent beta feedings. The program does not 

provide the best energies in the sense of an absolute minimi­

zation 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-



"'11
!1 

1-
'· 

IQ
 c 11
 

CD
 .....
. 

0
0

 

t>
~I
D 

oQ
 

""
"' 

w
 

::n
 

c:r
 

t¥ 
U

l 
a

t 

....
.. 

CD
 <: CD
 

.....
. 

Cl
l 

()
 ::r
 

CD
 s CD
 

8
2

0
.4

5
 

5
6

7
.0

5
 

5
5

3
.5

3
 

4
9

6
.5

6
 

~
 

2
5

2
.6

2
 

(1
9

.5
8

) 
I 8

2
.?

:2
 

. ~
r-

39
) 

3
2

3
.9

4
 

24
.1

 
7

0
.5

7
 

( 1
,5

5)
 

5
7

.1
1

 
(0

.2
6

) 
2

6
6

.7
9

 
(2

0
.5

3
) 

2
5

3
.3

4
 

(4
1

.2
4

) 

II 
I 

I 
1

\)
 

U
1 

a
t 

0 
0 

a
t 

U
1 

b 
in

. 
iD

 
1

\)
 

1
\)

 
(>

I 
(X

) 
(}

I 
1

\)
 

1
\)

 
(>

I 
(>

I 
0 

(>
I 

iD
 

:,. 
1

\)
 

"' 
..., 

2
0

1
8

.8
7

 
1

9
6

1
.8

3
 

1
7

7
9

.6
8

 
7

2
2

.6
8

 
6

4
 3

.1
8

 
2

0
 1

1
.6

8
 

6
2

3
.6

3
 

2 I I 

2
4

 I
 1

.4
4

 
(0

.3
 I

 I
 

9
7

6
.0

8
 

1
0

.7
1

 
I 

3
4

2
.3

7
 

1cg
.1

81
1 

7
8

8
.9

6
 

.
.
 31

 
0

4
6

.5
7

 
(0

.1
2

) 
6

4
4

.7
8

 
(0

.2
7

) 
3

9
9

.0
1

 
(0

.1
2

) 
( 

1
.4

1
) 

( 
1

.7
9

) 
(0

.5
7

) 
(0

.2
7

) 
(0

.0
9

) 
0

.2
3

) 
( ( 
0

.0
5

) 
1

9
5

7
.1

0
 

( 0
.3

5
) 

1
9

4
3

.5
4

 
( 0

 .
4

6
) 

:~
g,

, 
4

1
) 

0
9

) 

1
8

8
6

.7
9

 
cg

 
1

7
0

4
.4

5
 

( 
1

6
6

2
.7

4
 

(0
. 

4
8

0
,4

4
 

bo
' 

7
3

3
.7

2
. 

(0
.8

 
l 

1
7

5
5

.8
8

 
(0

.3
2

) 
1

7
4

2
.4

9
 

( 
1

.2
9

) 
1

6
8

5
.0

7
 

c
o

.5
r,

 
1

7
1

0
.7

8
 

(0
.5

0
 

1
6

9
7

.8
4

 
1

4
5

8
.5

0
 

((
1

.4
1

 ,
, 

0
.4

0
 

4
0

1
.5

1
 

( 
0

.0
5

) 
1

6
2

7
.1

3
 

(1
.9

8
) 

1
6

1
3

.3
3

 
(0

.3
5

) 
1

-
-

2
3

9
.2

6
 

(0
.1

6
) 

1
8

5
0

.1
0

 
(0

.1
0

) 
1

5
9

6
.1

9
 

( 
1

.3
7

) 
1

5
2

5
.8

9
 

(0
.2

1
) 

2
9

2
.8

8
 

(0
.0

9
) 

1
4

3
5

.3
5

 
1

4
2

1
.7

9
 

"1
.0

0
))

 
0

.9
7

 
1

3
6

4
.7

7
 

(0
.6

8
) 

I 3
1

8
.3

8
 

(0
.9

2
) 

I 
I 3

6
.0

6
 

(0
.0

~)
 

1
6

4
1

.0
8

 
(1

.4
4

 
1

3
8

7
.9

2
 

(1
.3

5
 

1
5

6
3

.0
9

 
(0

.9
5

) 
1

3
0

9
.5

1
 

(0
.1

0
) 

1
2

9
6

.0
8

 
(1

.8
9

) 
1

2
3

8
.7

6
 

~ 
1.

1 
I 

) 
1

2
9

0
.5

4
 

0
.2

4
) 

1
0

5
1

.6
9

 
(0

.0
7

) 
7

3
7

.2
4

 
(0

.0
5

) 
1

3
5

0
.2

4
 

(0
.7

5
) 

1
0

9
7

.1
4

 
(0

.1
3

) 
1

0
8

3
.4

2
 

(0
.8

2
) 

1
0

2
6

.1
9

 
(2

.1
8

) 
8

4
4

.1
1

 
(0

.5
6

) 
5

2
9

.5
9

 
(0

.4
9

1
 

(3
.7

3
) 

(0
.1

7
) 

(0
.0

8
) 

( 
1

.8
2

) 

) 
-

-
1

\)
 

1
\)

 
1

\)
 

1
\)

 

(>
I 

U
1 

a
t 

(X
) 

ID
 

0 
1

\)
 

1
\)

 
at

 
U

l 
at

 
~
 

U
1 

a
t 

(X
) 

(X
) 

at
 

0 
1

\)
 

1
\)

 
0 

!"
 

(>
I 

0 
U

1 
~
 

iD
 

1
\)

 
·o

 
U

1 
in

 
(}

I 
(n

 
:...,

 
..., 

at
 

(}
I 

0 
at

 
-

-
(X

) 
ID

 

1
\)

 
1

\)
 

1
\)

 
1

\)
 

(}
I 

at
 

at
 

(X
) 

0 
1

\)
 

at
 

(}
I 
~
 

(X
) 

(X
) 

0 
a

t 
a

t 
0 

...,
_ 

(X
) 

0 
ID

 
ID

 
~
 

ID
 

~
b
 

(n
 

N
 

N
 

b 
in

 
:,.

 
...,

...,
 (

}I
 

~
 

(}
I 

(X
) 

0 

9
6

 



t%
j 

1-
'· 

\Q
 s:: ti
 

(1
) .....
. 

C
D

 - n 0 
"'

C
D

 
. 

::s 
""'"

' 
rt

' 
::v

 
1-

'· 
·v

 
::s 

U
l 

s:: 
G

) 

(1
) 0
. 

-
-

1
\)

 
U

1 
(J

I 
U

1 
G

) 
en

 
0 

U
1 

en
 
~
 

p 
en

 
U

1 
0 

1
\)

 
~
 

0 
CD

 
iD

 
-

iD
 

1
\)

 
1

\)
 

.....
 

en
 

U
1 

1
\)

 
IJ

IC
D

 
U

1 
en

 
U

1 
.1

\)
1

\)
 

U
1 
~
 

(J
I 

~
J
~
O
 

;--
I 

"' u,
:,.

 
~
 

0 
1

\)
 

~J
~.

..
.r

 
..., 

..., 

,. 

1
\)

 
1

\)
 

1
\)

 

CD
 

CD
 

0 
1

\)
 

1
\)

 

U
1 

en
 

CD
 

CD
 

0 
~
 

(J
I 

0 

3 I I I 

I 
3

3
0

7
.1

9
 

(0
.1

0
) 

1
9

8
9

.2
9

 
( 
0

.2
8

) 
2

9
8

.3
1

 
(0

.6
4

) 

~~
~:

n 
1 c8

:~
U 

3
8

2
.6

7
 

(0
.1

9
) 

3
2

2
 6

.7
0

 
(1

.0
0

) 
~·
·"
' 

... 
.... 

, _
__

 ,,._._
 

"
'"

' 
..

..
 M

 
1

5
 n~

s~
 

1 c8:
63

J1 

4
.3

9
 

(0
.3

2
) 

3
.7

6
 

(0
.3

4
) 

2
.2

6
 

(0
.1

6
) 

9 
(0

.1
2

) 

4 
3

4
6

 
1

8
2

 
1

8
2

 
3

3
5

8
.7

 
3

1
0

5
.3

 
2

8
5

2
.6

 9 
(0

.3
0

) 
2 

(0
.1

9
) 

1
5
0
~
.
4
 

1
7

4
5

. 
8 

I 
cJ

.~
·l

,2
l 

(0
.0

8
) 

1
6

6
6

.3
1

 
1

1
3

9
.1

7
 

(0
.1

9
) 

3
0

2
6

.5
1

 
(0

.1
7

) 
1

9
2

9
.7

1
 

1
6

3
8

.0
3

 
(0

.3
2

) 
(0

.5
0

) 
2

9
9

8
.4

5
 

( 0
.6

3
) 

I 
~
7
6
.
6
1
 

( 
0

.0
9

) 
I 0

5
4

.5
5

 
( 

I 0
0

0
.5

3
 

( 
5

1
9

.7
8

 
( 

2
4

2
4

.2
6

 
( 

1
6

8
7

.4
4

 
( 

16
81

 .
9

1
 

( 
5

5
6

.3
2

 
( 

1
2

3
5

.5
3

 
( 

2
8

0
9

.9
2

 
(0

.4
4

 
2

7
9

6
.5

6
 

(0
.3

6
 

2
7

3
9

.1
4

 
(0

.5
1

 
2

5
5

7
.2

6
 

( 
0

.5
9

 
I 

7 
I 

3
.3

8
 

( 0
.3

 I
) 

I 
3

7
4

.7
8

 
( 

0
.4

2
 

8
5

2
.6

6
 

(0
.0

9
 

7
7

7
.5

7
 

( 
0

.2
0

 
2

6
7

8
.0

4
 

(0
.2

6
))

 
2

4
9

6
.0

5
 

( 2
.3

0
 

2 
I 8

1
.5

4
 

(I
 .

I 
6

) 

0
.1

1
) 

0
.0

4
) 

0
.1

 O
l 

0
.1

7
) 

0
.1

4
) 

0
.1

0
) 

0
.2

5
).

 

f"' 1 ) 

1
6

5
1

.8
7

 
(0

.6
9

) 
I 
3

6
0

.2
6

 
(0

.2
3

) 
1

3
1

3
.4

4
 

(0
.2

9
) 

2
8

5
5

.9
5

 
(2

.1
8

) 
2

6
0

2
.6

1
 

(4
.2

0
) 

2
5

8
9

.1
8

 
(0

.5
1

) 
2 

5
3

 I 
.8

 5
 

( 
0.

1 
3 

l 
2

3
4

9
.9

6
 

(7
.4

0
) 

2
0

3
5

,3
5

 
( 

1.
81

 
) 

I 
5

0
5

.7
6

 
(2

.2
3

) 
1

2
1

4
.9

8
 

(1
.7

6
) 

I 
0

0
5

.6
5

 
(0

.1
6

) 
8

9
1

.4
6

 
(0

.0
3

) 
6

8
6

.5
1

 
(0

.1
3

) 
5 

7
0

.1
 6

 
( 

I 
.2

0
 )

 
!o

-f-
I 

9 
1

.0
6

 
( 0

 .
0

8
) 

2
5

6
1

.3
3

 
(1

.0
0

) 
2

5
4

8
.0

2
 

(0
.6

2
) 

2
4

9
1

 .
2

4
 

(0
.4

 7
) 

I 9
9

4
.4

1
 

( 0
.
2
6
~
 

I 
I 2

6
.2

8
 

(0
.0

7
 

9
6

5
.0

1
 

(0
.2

2
) 

2
2

3
9

.2
1

 
(0

.1
8

) 
8

9
5

.0
5

 
(0

.1
7

) 

I \ 
II 

(I\
\\ 

1
\)

 
1

\)
 

(J
I 

(J
I 

(J
I 

(J
I 

(J
I 

(J
I 

en
 

CD
 

0 
1

\)
 

1
\)

 
(J

I 
~
 

en
 

en
 

i 
0 

~
 

CD
 

U
1 

ID
 

(J
I 

~
 

0 
CD

 
(J

I 
-

~
 

~
 

0 
u. 

CD
 

u. 
en

 
~
 

CD
 

iD
 

0 
0 

en 
u. 

:,. 
0 

en
 

-
CD

 
ID

 
~
 

~
 

1
\)

 
~
 

en
 

.....
 

-
-

1
\)

 
1

\)
 

1
\)

 
1

\)
 

1
\)

 
1

\)
 

(J
I 

(J
I 

(J
I 

(J
I 

(J
I 

en
 

CD
 

0 
-

1
\)

 
en

 
.....

 
CD

 
0 

1
\)

 
(J

I 
~
 

U
1 

CD
 

CD
 

0 
en

 
en

 
0 

~
 

U
1 

en
 

en
 

0 
en

 
U

1 
CD

 
p 

!D
 

CD
 
~
 

ID
 
~
 
~
 

~
 

~
 

CD
 

!>
 

-
en 

1
\)

 
1

\)
 

0 
0:1

 
:,.

 
-· 

CD
 

1
\)

 
;..,

 
..., 

:,. 
U

1 
~
 

U
1 

CD
 

0 
-

..., 
CD

 
..., 

0 
..., 

0 
U

1 

L
6

 



ts
j 

1-
'· 

IQ
 s:: 11
 

Cl
) .....
 

(X
) 

III
<

D
 

""
"' ::u r:r
 

U
l 

-
en

 
('

) 
0 ::I

 
rt

 
1-

'· 
::I

 s:: Cl
) 0
. 

-.
 

' 

' 

2 I 
3

4
4

 
3

1
9

 
2

1
7

 3
4

6
0

.6
6

 
(0

.7
1

) 
3

2
 6

0
.6

9
 

( 0
.0

9
) 

2
9

4
8

.3
2

 
(0

.6
1

) 
5

2
1

.4
7

 
(0

.4
7

) 
0

0
0

.5
8

 
( 0

.0
4

) 
5

.1
 I

 
(0

.0
7

) 
6

.7
9

 
(0

.1
5

) 
9

.2
8

 
(0

.1
 0

) 
..

. 
""

"'
••

••
c
-·

-·
-
--

-
3
~
 1

·1
. 5

0
 

(
0
.
~
 I

) 

.....
 

5
7

8
. 7

3
 

( 0
.0

8
) 

3
7

9
5

.8
 

3
3

5
5

.9
 

3
1

5
0

.8
 

2
7

2
0

.2
 

2
6

0
6

.6
 

3
6

5
5

.4
5

 
3

6
3

4
,6

7
 

2
3

6
8

.4
6

 
1

0
5

8
.7

1
 

2
5

4
.8

3
 

3
7

7
6

.0
2

 
:'

lf
i4

9
.?

 I
 

3
2

5
0

.3
0

 
2

3
6

5
.9

6
 

2
3

0
8

.3
0

 
2

0
8

2
.6

2
 

3
0

1
4

.6
6

 
2

9
4

4
.6

0
 

8
9

8
.0

3
 

3
3

7
9

.7
4

 
( 

3
0

0
0

.4
9

 
( 

2
6

6
3

.4
9

 
( 

6
1

6
.5

1
 

( 0 
(0

.0
4

) 
7 

(0
,2

1
 

) 
2 

(0
.2

1
) 

4 
(0

.2
0

) 
5 

(0
.7

1
) 

(0
.1

4
) 

(0
.1

9
) 

(0
.1

4
) 

(0
.3

1
) 

(0
.7

0
) 

(0
.1

5
) 

<(
g:

~~
l 

( 
0

.1
3

) 
(0

.0
8

) 
(0

.3
0

) 
(0

.3
1

) 
(0

.1
8

) 

J~
·9
r>
 

3
6

4
5

.8
6

 
(0

. 0
.3

3
) 

0
.5

1
1

 
0

.1
0

) 
2

4
) 

1
4

) 
1

8
) 

2
0

) 
12

) 

3
4

1
2

.7
2

 
(0

. 
3

2
8

5
.2

6
 

(0
. 

1
4

4
5

.6
4

 
1

0
. 

3
4

8
2

.4
2

. 
o. 

3
4

0
8

.0
9

 
(0

. 
3

2
8

1
.1

2
 

(0
. ~~

~ 
1

9
) 

2
8
2
6
.
6
~
 

,0
. 

3
8

8
7

.0
9

 
0

. 
3)

 
2

2
3

5
.4

4
 

(0
.0

7
) 

I 
I 5

7
.0

9
 

(0
.3

2
) 

2
8

3
8

.4
8

 
(0

.1
8

) 
1

8
0

3
.7

1
 

(0
.2

2
) 

3
3

0
3

.9
0

 
(0

.1
1

) 
3

2
2

0
.3

1
 

(0
.1

8
) 

1
7

9
8

.2
5

 
(0

.1
8

) 
1

6
1

6
.8

5
 

(0
.0

7
) 

~;
~u

B o
~~§

:R;
,, 

(0
.3

8
) 

1
4

7
1

.3
1

 
(0

.3
8

) 
3

2
2

9
.8

9
 

(0
.1

5
) 

2
7

0
0

.4
6

 
(0

.2
2

) 
1

8
4

0
.1

2
 

(0
.2

7
) 

I 7
8

5
.8

0
 

( 0
.1

2
) 

7
7

0
.7

0
 

(0
.1

4
) 

1
-

3
1

6
.7

1
 

(0
2

4
) 

3
2

9
4

.8
2

. 
(0

.2
1

) 
2 

I 6
0

.0
2

 
( 0

.0
7

) 
I 

1
9

1
.4

9
 

(0
.2

3
) 

5
5

5
.4

1
 

(0
.1

0
) 

3
4

5
3

.3
1

 
(0

.2
0

) 
2

9
5

6
.6

8
 

( 0
.6

0
) 

2
0

8
8

.2
4

 
(0

.2
7

) 
9

2
1

.1
9

 
(0

.2
3

) 
3

4
6

7
.2

0
 

(0
.2

7
) 

2
9

1
3

.4
9

 
( 

0
.2

1
) 

II 
II 

Ill
 I 

--
--

N
N

N
N

N
N

II
I(

II
II

II
II

II
II

II
II

I 
-'>

 
U

l 
U

l 
U

IU
IU

I 
Q

) 
., 

N
I
I
I
~
U
t
c
n
m
~
O
-
N
m
 ..

.. 
~
O
N
I
I
I
-
'
>
U
t
"
"
~
 

0 
0 

-'>
 
m
~
<
D
.
N
 

.....
 

U
I
N
N
U
t
-
'
>
~
~
o
m
m
O
-
'
>
U
I
Q
)
Q
)
Q
Q
)
U
I
I
I
I
O
 
~
 

-'>
 

<D
 

Q
)U

IQ
) 

U
t 

N
 

~
~
p
~
~
~
p
~
~
~
~
~
~
~
~
~
~
~
~
?
 

0 
~
 

-
U

t<
D

U
I 

<D
 

U
l 

I
I
I
I
D
-
'
>
-
'
>
0
Q
)
N
N
0
~
-
'
>
-
~
N
-
N
 ..

.. 
-'
>I
D~
 

:,.
 

Co
 

(n
 
t.

.~
I.

N 
io

 
~
 

N
~
~
'
"
"
"
"
"
"
U
t
-
'
>
U
I
~
0
-
"
"
~
"
"
0
"
"
0
U
t
0
 ...

. 
<D

 
., 

-'>
 
~
-
-
'
>
.
,
 

"' 
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
 

I 
I 

I 
I 

I I
 I 

I 
--

--
-N

N
N

N
N

II
II

II
II

II
II

II
II

II
II

I 
-'>

 
-'>

 
U

l 
U

l 
U

IU
I 

Q
) 

., 
N
U
I
I
I
I
U
I
C
!
\
~
<
D
O
N
N
<
n
~
O
N
N
I
I
I
-
'
>
0
)
 ...

.. 
0 

~
 

N
 

-'>
 

..
,.

<
D

O
 

U
l 

Q
)
Q
U
I
Q
)
-
'
>
U
t
l
n
~
-
~
m
-
0
-
'
>
~
U
I
I
D
I
I
I
 ...

.. 
U

l 
., 

Il
l 

"<
D

 
U

IN
 ..

.. 
.....

 
p
~
~
?
~
~
p
~
~
p
~
~
~
~
~
?
~
~
~
~
 

? 
.....

 
en

 <
D

O
O

 
N

 

O
~
<
D
-
<
D
N
O
U
I
~
U
t
m
 ...

.. ~
<
D
O
O
Q
)
U
t
-
'
>
0
 
., 

~
 

U
l 

:...
 

U.
i->

(..
. 

b 
-
N

 ....
. Q
)
U
I
Q
Q
)
-
-
~
I
D
-
'
>
-
-
'
>
N
-
'
>
0
\
 ...

. ~
 

0 
., 

-'>
 

.,
 

...
. o
~
 

<D
 

8
6

 



99 

tistical ·uncertainties for the level energies. The absolrite 

beta branching percentages were calculated in the program by 

making use of the l~vel .. scheme interisity imbalances, the 

total ICC'~ for all tra~~itio~s and the g~ound-state b~ta 
. . 

branchings. .The resulting level energies, beta endpoint ~n~ 

ergies, and per cent beta branchings are provided in Tables 

16, 17, and 18 for the .93Sr, 93Rb, and 9;)Kr decays resFec-

tively. 

The logt!· values for each decay were determined by t~e 

program LOGFT. These values were calculated using the.abso­

lute beta branching percentages .and the reported:Q-values for 

each decay. The logfi values for the 93~r, 93Rb, and 93Kr 

decays are also provid~d in Tables 16, 17, and 18 respe6tive-

ly. 

In Table 16 a logfi value of 1.6 is reported for beta 

feeding of the level at 4263.6. keV •. This logf! value is 

urirealistically low but its uncertainty covers a wide range 

of more reasonable values. The uncertainty in this value is 

du.e largely to the uncertainty in the Q-value for the decay 

of 93Sr. Because the logf! values depend strongly on energy, 

a small change in the Q-value results in a large change in 

the logf! value calculated for this level. In order to 

obtain a more reasonable lcg!1 value for this ievel the Q­

value must be very nearly 4.5 MeV. Therefore, the maximum 
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Table 16. Beta branchings and lcgf! values for 93Sr dec~y. 

Y Levels 
(keV) 

o.oo 
590.24 
758.782 
875.812 

1135.942 
1277.942 
1300.512 
1308.552 
1542.74 
1647.09 
1695.492 
1786.282 
1852.75 
1911.462 
2056.53 
2091.37 
2093.35 
2129.102 
2 355.65 
2 3 64. 83 
2543.87 
2569.93 
2 574.93 
2653.89 
2687.70 
2769.91 
2777.88 
2783.62 
2820.58 
2886.50 
3006.99 
3116. 08 
3824.43 
3 871. 27 
3894.79 
4119.71 
4263.63 

Beta Endpoint 
Energy (MeV) 

4.30 
3.71 
3.54 
3.42 
3.16 

·3.02 
3.00 
2.99 
2.76 
2.65 
2. 60 
2.51 
2.45 
2.39 
2.24 
2.21 
2.21 
2.17 
1.94 
1.94 
1.76 
1.73 
1.73 
1.65 
1. 61 
1. 53 
1. 52 
1 ~ C)? 

1.48 
1.41 
1.29 
1. 18 
0.48 
0.43 
0.41 
0.18 
0.04 

Per Cent Beta 
Branching 

"'0 
"'0 

6.57 ± 2.28 
1. 95 ± 1. 40 
2.48 ± 0.47 
0.44 ± 0.10 
3.88 ± 1.22 
1.41 ± 0.20 

"'0 
15.47 ± 1.34 
0.35 ± 0.02 
0.25 ± 0.10 

"'0 
1. 46 ± o. 20 

"'0 
"'0 
'V0 

0.36 ± 0.17 
1.13 ± 0.09 
2.01 ± 0.13 
3.79 ± 0.24 

11.51 ± 0.60 
1 1 • 3 o· ± o • 52 
'V0 
17.91 .± 0.79 
.7.61 ± 0.38 

'VO 
3. 13 ± o. 17 
3.84 ± 0.26 
1.28 ± 0.08 
1.32 ± 0.09 
0.38 ± 0.04 
0.20 ± 0.04 
0.19 ± 0.03 
0.23 ± 0.04 
0.14 ± 0.02 
0.50 t. 0.04 

7.3 ± 0.2 
7.8 ± 0.3 
7.5± d.1 
8.2±0.1 
7.2 ± 0.2 
7.7 ± 0.1 

6.4 ± 0.1 
8.0 ± 0.1 
8.1 ± 0.2 

7.2± 0.1· 

7.7±0.2 
7.0 ± 0.1 
6.7 ± 0.1 
6~3±0.1 
5. 8 ± 0. 1 
5.8 ± 0.1 

s. 5 ± 0. 1 . 
5.7± 0.1 

6.1±0.1 
6.0±0.1. 
6.4 ± 0.1 
6.2±0.1 
6.6 ± 0.2 
5. 4 ± 0. 3 
5. 3 ± 0. 4 
5. 1 ± 0. 4 
4.2 ± 0.8 
1.6 ± 3.6 

----------~~------------~------------------------------~~---
'Calculated using a Q-Yalae of 4.3 t 0.2 fteV and a half-life 

of 7.32 ± 0.10 min. 
2Logf 1 ~ > 8.5, so first-forbidden unique transitions cannot 

be excluded. 
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Table 17. Beta branchings and ~ogf! values for 9 3Rb decay. 

Sr Levels 
(keV) 

o.oo 
213.392 
432.522 
9 86. 08 2 

1142.482 
1148.182 
1238.282 
1385.262 
1529.232 
1562.932 
1779.742 
1808.472 
1869.632 
1910.802 
2045.452 
2054.042 
2117.312 
2140.992 
2272.78 
2292.842 
2319.04 
2351.452 
2456.37 
2459.65 
2553.75 
2621.322 
2737.122 
2770~672 
2773.87 
2782.112 
2868.88 
2886.45 
2979.862 
3198.012 

Beta Endpoint 
Energy (MeV) 

7.23 
7 .• 02 
6.80 
6. 2 4 
6.Q9 
6.08 
5.99 
5.84 
5.70 
5.67 
5.45 
5.42 
5.36 
5.32 
5.18 
5.18 
5. 11 
5.09 
4. 96 
4.94 
4. 91 .. 
4.88 
4.77 
4.77 
4.68 
4.60 
4.49 
tl. I~ 6 
4.46 
4.45 
4.36 
4.34 
4.25 
4.03 

Per Cent Beta 
Branching 

59.00 ± 3.00 
0.42 ± 0.31 
1. 80 ± o. 74 
0.46 ± 0.28 
1.95 ± 0.34 
0.52 ± 0.10 
0.30 ± 0.07 

·1.54 ± 0.25. 
0.28 ± 0.03 
0.50 ± 0.07 
0.27 ± 0.06 
0.75 ± 0.13 
0.14 ± 0•10 
0.45 ± 0.07 
0.40 ± 0.09 
0.26 ± 0.14 
0.09 ± 0.04 
0.26±0.06 

rvO 
0.23 ± 0.06 

rvO 
0.11 ± 0.04 

rvO 
rvO 
rvO 

0.26 ± 0.05 
0.10 ± 0.07 
0.07 ± 0,03 

rvO 
0.16 ± 0.13 

rvO 
rvO 

0.62 ± 0.06 
0.03 ± 0.03 

Logf! 1 

5. 8 ± 0.1 
7.9 ± 0.3 
7.2 ± 0.2 
7.7 ± 0.3 

'7.0 ± 0.1 
7.6 ± 0.1 
7.8 ± 0.1 
7.0 ± 0.1 
7.7±0.1 
7.4±0.1 
7.6 ± 0.1 
7.2±0.1 
7.9 ± 0.3 
7.4±0.1 
7.4 ± 0.1 
7.6 ± 0.2 
8.0 ± 0.2 
7.5 ± 0.1 

7.5 ± 0.1 

7.8 ± 0.1 

7.3 ± 0.1 
7.7±0.3 
8.1± 0.4 

7.5± 0.3 

6.8 ± 0.1 
8.0 ± 0.4 

lCalculated using a Q-value of 7.23 ± 0.10 MeV and a half­
life of 5.86 ± 0.13 sec. 

2Logf 1t > 8.5, so firs~-forbidden unique transitions c~nnot 
be excluded. 
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Table 17. (Continued) 

------------------~---------------~-----~-------------------

sr Levels Beta Endpoint Per Cent Beta Log.f!_l 
(keV) Energy (MeV.) Branching 

-------------------~----------------------------~-----------
3232.83 3.99 "-'0 
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 o. 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 ± 0.1 
3867.33 3.36 2.94 ± 0.28 5. 7 ± 0.1 
3876.62 3.35 1.07 ± 0~ 11 6. 1 ± 0.1 
3890.58 3. 34. 3.18 ± 0.33 5. 6 ± 0.1 
3934.49 3.30 1. 31 ± o. 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 . 
4041.87 3.19 0. 14 ± 0.02 6. 9 f 0.1 
4 09 7. 31 3.13 1.00 ± 0.10 6. 0 ± 0.1 
4336.01 2.89 0.16 ± 0.04 6.7 ± 0.1 
4461.04 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 ± 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 o. 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 o.~o ± 0.01 5,9 ± 0.1 
5384.52 1.85 0.61 ± 0.06 5. 3 ± 0. 1 
5395.72 1.83 0.30 ± 0.04 5. 6 ± 0. 1 
5413.66 1.82 o. 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 ± o.o8 4. 5 ± 0.1 
6096.53 1.13 o. 2 0 ± o. 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 

------------------------------------------------------------



103 

Table 18. Beta bianchings and lcgf! values for 93Kr decay. 

R b Levels 
(keV) 

o.oo 
.253.342 
266. 82 
323.95 
506. 02 
820.482 

1350.18 
1557.50 
1562.97 
1641.08 
1642.28 
1688.672 
1850.022 
1880.25 
1964.58 
2009.27 
2083.842 
2169.10 
2210.532 
2264.81 
2285.71 
2609.43 
2664.81 
2745.21 
2814.85 
2855.90 
3001.95 
3063.29 
3245.06 
3265.12 
3280.05 
3308.28 
3358.672 
3464.72 

Beta. Endpoint 
Energy (MeV) 

7.51 
7.26 
7.24 
7.19 
7.00 
6.69 
6.16 
5.95 
5.95 
5.87 
5.87 
5.82 
5.66 
5.63 
5.55 
5.50 
5.43 
5.34 
5.30 
5. 2 5 
5.22 
4.90 
4.05 
4.76 
4.70 
4.65 
4.51 
4.U5 
4.26 
4.24 
4.23 
4.20 
4.15 
4.05 

Per Cent Beta 
Branching 

"'0 
3.01 ± 2.47 
7.20 ± 1.13 

12.87 ± 1.36 
12.57 ± 1.22 
0.57 ± 0.27 

"'0 
"'·o 

3'.02 ± 0.16. 
"'0 
"'0 

0.19 ± 0.12 
0.76 ± 0.10. 
2. 49 ±. 0. 14 
1.06 ± 0.12 
1.90±0.11 
0.14 ± 0.06 

"'0 
.0.45 ± 0.13 

'V0 
.1.51 ± 0.16 

'V0 
0.42 ± o. 16 

"'0 
2.18 ± 0.14 

21.39 ± 0.79 
4.28 ± 0.22 
2.60 ± 0.12 
0.20 ± 0.08 
0.26 ± 0.20 
o. 86 ± o. 08 
0.69 ± 0.06 
0.11 :t: 0.10 
o. 73 ± o. 40 

6.5±0.4 
6.1 :1:.0.1 
5. 8 ± 0. 1 
5.8 :t: 0.1 
7.0 ± 0.2 

6. 1 ± 0. 1 

7. 2 ·± 0. 3 
6.6 ± 0.1 
6.1±0.1 
6.4 ± 0.1 
6.1 ± 0.1 
7.3 ± 0.2 

6.7±0.1 

6.1 ± 0.1 

6.5±0.2 

5.8 ± 0.1 
4.8 ± 0.1 
5. 4 ± 0.1 
5.6 :t: 0.1 
6.6±0.2 
6.5± 0.3 
6.0 ± 0.1 
6.1 :t: 0.1 
6.8 ± 0.4 
6.0 ± 0.2 

'Calculated using a Q-value of 7.51 :t: 0.05 MeV and a half­
life of 1.289 ± 0.012 sec. 
2Log! 1~ > 8.5, so first-forbidden unique transitions cannot 

be excluded. 
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Table 18. (Continued) 

------------------------------------------------------------
Rb Levels Beta Endpoint Per Cent Beta Log!_! 1 

(keV) Energy (MeV) Branching 

------------------------------------------------------------
3493.57 4.02 1. 09 ± o. 09 5.8 ± 0.1 
3551.47 3.96 1. 7 3 ± o. 11 5. 5 ± 0.1 
3631.50 .3.88 0.38 ± 0.05 6. 2 ± 0.1 
3733.92 3.78 0.23 ± o. 13 6. 3 ± 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 3.46 0.46 ± o. 11 5. 9 ± 0.1 
4080.51 3.43 0.91 ± o. 11 s.s ±. 0.1 
4861.48 2.65 0.57 ± 0.08 5. 3 ± 0. 1 
5048.89 2.46 0.30 ± 0.03 5. 4 ± 0.1 
5237.57 2.27 o. 52 ± 0.04 5. 0 ± 0.1 
5491.67 2.02 o. 72 ± o. 06 4.7 ± 0.1 
5496.18 2.01 0.75 ± 0.07 4. 7 ± 0.1 
5 66 5. 40 1.84 0.40 ± o. 18 4. 8 ± 0.2 
5759.60 1.75 0. 53 ± 0. 10 4. 6 ± 0.1 
5859.73 1.65 1 • 11 ± 0.09 4. 1 ± 0.1 
5920.23 1~59 1.49 ± o. 11 3. 9 ± 0. 1 . 
5965.36 1. 54 1. 37 ± o. 11 3. 9 ± 0.1 
6070.40 1.44 0.30 ± 0.02 4. 5 ± o. 1 
6259.98 1.25 0. 31 ± 0.09 4.2 ± 0.1 
6572.10 0.94 o. 51- ± 0.04 3. 5 ± 0.1 
6725.45 0.78 1.40 ± 0.14 2. 8 ± 0. 1 

------------------------------------------------------------
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value for this Q-value should be preferred. This disagrees 

with the Q-v~lue adopted in the recent compilation oti the A = 
93 mass chain (48), where a value of 4.1 MeV was adopt~·d on 

the basis of systematics. 

Finally, in iable 18. the last two levels listed are as­

signed logf! values which are rather low~ However, sine~ 

these levels have confidence indices of 2 and 3 respectively, 

it may be that these levels do not actually exist. As a re­

sult no attempt will be made in this study to explain why 

these unusually iow values ~ere observed. 
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V. DISCUSSION 

The orig.inal shell model of Mayer 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-particle states was found to be; 

2 p 1 k , 1 g % , 1 g 7h , 2 d % , 2d % , 3 s 1h , • • • 

However, the ordering of the neutron single-particle states 

is now known to differ from this scheme and has the sequenc~; 

2p 1~ , 1g 9Ji , 2d% , 3s 1h , 1g% , 2d% , ••• 

for the region near A= 90 (50). This ordering results from· 

solving the Schroedinger equation for the case of a single 

particle in a spherical potential well with spin-orbit 

coupling. The solutions of.this equation indicate that as A 

increases the separation between the 1g % orbit and 2d % 
orbit decreases faster than the separation between the 3s 1h 

and 2d% orbits. Experimental evidgnce (51) also exists to 

indicate that this trend dces occur and that, in fact, the 

1g 7h 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 

2d % , 1g 7h , 3s 1h , 2d % , 

or 

. . . 

1 g % , 2d % , 3s 1~ , 2 d % , • • • 
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 that eesr is an inert core for this nuclide 
J.. 

we are left with a single proton and four neutro~s outside 

this core. The shell model pr,di~ts that the lo~-lying con-

figurations for the level scheme of 93y should be; 

TT ( 2 p 1j
2 

) \) ( 2d % ) t 

TT(1g%) v(2d% )~ 

TT[ (2p% )- 1 (2p lj
2

) ~]v(2d%) ~ 

TT[ (1f%) -1 (2p 1;
2

) ~]v(2d % l ~ 5;2-

. TT(2p 11 )v(2d ~ )\ 3;2-, 5;2-
12 2. 

TT[ ( 1 f % ) - 1 ( 2p 1;
2 

) ~ ]v ( 2d % ) ~ 7;2-

with the resulting spin and parity possibilities given above. 

Since the orbit is observed to lie very near the 2d o/2 

orbit the neutron configuration admixtures v[ (2d 51 )~ 
. 12 

(1g 7;
2 
)~]and v(1g% )~probably contribute significantly and 

may, in fact, be the dominant configurations for. describing 

these levels. Regardless of the neutron configuration howev-

er, these same spin and parity possibilities will result from 

coupling the odd particle or hole ·to the 0~ and 2• even-

particle excitations. Therefore, for the sake of simplicity, 

the neutron configuration will be assumed to be (2d o/
2 

)•. 

The reaction Rtudies of 

Freedom, ~! sl• (27) and Muller (52) indicate a spin-parity 

assignment of 1;2- for this grcund state. This spin-parity 



108 

assignment ii consistent with the trend established by other 

odd-A yttrium isotopes. such a state can be explained in 

terms of the seniority-one state formed by coupling the 2p ~ 

proton to the Q+ state of the neutron configurati~n. The 

above assignment is also ccnsistent ~ith the lack of beta 

feeding to this level in the decay of 93Sr which presumably 

has a (7!2+) ground state, as discussed below. 

iT 
590. 2-kev level (J =. 3;2-) : The reaction studies pre-

viously cited indicate a 3;2- spin-parity assignment for this 

level. Internal conversion coefficient measurements by sev-

9ral authors (22,26,28) as well as the half-life measurement 

by Casella, ~! ~1· (29) have established the E3 character of 

the 169-keV transition feeding this level. Based on this in-

formation and the 9/2+ spin and parity of the 759-keV level 

it is 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+) ground state of 93Sr. = 1 

distribution was measured for this level in the 9•zr (d,3He) 

reaction study (27). Thus this state is most likely there-

sult cf coupling a 2p % proton hole to the ground state of 

the neutron configuration. 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 y
2 

proton to the 2+ 

state of the neutron configuration. The pos·sibility of con-

figuration mixing between these two states could be responsi-
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ble for ~he d~pressed energy of ~he 3/2- hole state as ccm-

pared with its energy in the a9y level scheme. Such mixing 

would also result in an increas~d energy for the 3/2- state 

_predicted by Vervier. 

758.8-keV level {Jn = 9/2+): This level was observed in 

the reaction work of Freedom, ~! ~l· · {27) and given· a spin­

parity assignment of 9/2+. !he ~hell model predicts such a 

low-lying 9/2+ level and a level with thi~ spin and parity 

was previously observed in the level schemes of a9y arid 91Y 

at approximately the same energy. Also this levei was ~he 

only L = 4 transfer detacted in the reaction study of Ref. 
p 

27. Excitation of the odd proton to the nearby 1g 9h orbit 

accompanied by the even neutron ground-state coupling would 

explain such a state. Because ~he log!! value determined 

from the beta feeding of this level.was used to determine the 

spin and parity of the 93Sr ground state it i~; of course, 

consistent with that assignment. 

875.8-keV level {Jn = 5/2-): The spin-parity assignment. 

for this level was based on toth previously cited reaction 

studies. This identification is in agreement with the· 

intense ground-state transition 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 L = 3 distribution indicating that the 
p 

dominant proton configuration is a 1f sh proton-hole state. 
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Again Vervier has predicted a 5;2- state at approximately 1.0 

MeV formed frcm coupling a 2p 1h proton with the 2• state of. 

the neutron configuration. If we assume that configuration 

mixing occurs~ the two levels will repel each other and 

possibly account for the lowered energy of the 5!2- hol~ 

state and the increased energy of the level predicted by 

Vervier. 

1135.9-keV level (jTI = 1/2-): This level was observed 

in the reaction study by Muller (52) where it was determined 

to have a possible spin and farity -of 7;2-. From the 93Sr 

decay, we can limit the spin and parity values to 5;2+, 1;2-

on the basis of gamma-ray transitions and beta feeding. 

= 3 distribution was determined for this level so that it 

An L 
p 

most likely contains a comtonent resulting from a 1f % 
proton-hole configuration. Because of the overlap with 1;2-

value determined in the reacticn study this value has been 

chosen. There is another 7;2- state at 1300.5 keV but it was 

hot observed in the reacticn studies and its energy agrees 

quite well with that expected (13) for a state resulting from 

the coupling of a 2p ~ proton with the 4+ state of the neu­

tron configuration. However, because there is significant· 

beta feeding to the level at 1300.5-kev it seems that the 

latter level would have to ccntain an admixure of this 7;2-

prcton hole state. 
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1277.9-keV level (J1T = 3;2-,5;2-): Freedom, §1 .sl· (27) 

observe a doublet at 1~28 MeV with possfble spins of 1;2- or 

· 3/2- and 5/2- while Mull~r (52) is able to limit the spins of 

this multiplet to 3/2- and 5;2- at an energy of 1.302 MeV. 

In the present work there are three levels at energies of 

1278, 1300 and 1309 kev. Since the 1300-keV level can be 

limited to the spin-parity possibilities (5/2+,7;2-) en the 

basis of gamma-ray transitions to the first and second 

excited states this level is not a member of the doublet ob-

served in the reaction studies. As a result, the levels at 

1278 and 1309 keV are.limited to spin-parity values of 3/2~ 

and 5/2-. The same restrictions are proposed ~n the basis of 

gamma-ray transitions and ~~ta ieeding ·so that no further 

limitation is possible. Fer the 3;2- level an Lp = 1 distri­

bution was observe~ in both reaction studies while an Lp = 3 

distribution was observed for the 5/2- level.. If the spin~ 

parity assignment is 3;2- then the level can be described as 

containing admixtures of the configurations obtained from 

coupling a 2p y
2

. proton to the 2+ state of the even neutron 

configuration and coupling a 2p ~2 proton hole to the ground 

state of the same neutron configuration. The 5/2- level 

probably contains a large admixture of the configuration re-

sulting from coupling a 1f o/
2 

proton hole state to the ground 

state of the neutron configuration while the dominant config-
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·uration results frcm coupling a 2p lh proton hole state to 

the ground state of that same neutron configuration~ 

1300. 5-keV level (JlT = 7;2-): As disc.ussed above the 

spin-parity assignment for this level can be limited to 5;2• 

or 7;2- ·on the basis of the 93$r decay scheme. The ·7;2- pos-

sibility was chosen because of the excellent energy agreement 

with a 712- level calculated by Vervier to be at approximate~ 

ly 1.32 MeV. If this assignment is correct the level can be 

described as resulting from coupling a 2p ~ proton to th~ 4+ 

state of the neutrcn.configuration. But in order to account 

for the beta feeding to this level, an admixture of the 7;2-

hole state would have to be postulated. It is not obvious 

from the present study that such an admixture exists. 

1308. 6-keV level (JlT = 3!2- or 5;2-): This level is 

assumed to beth~ second member of the doublet near 1300 keV 

observed in both reaction studies. As before, the gamma-ray 

transitions and beta feedirg impose 3;2- or 5;2- li~itations 

on possible spin-parity values and no definite choice can be 

made between these possibilities. 

1542.7-keV (JlT = 3;2- or 5;2-): Since no beta feeding 

to this level is observed, the spin-parity values possible 

are determined by the gamma-ray transitions to the ground 

state (1/2-) and the level a.t 1136-keV (7;2-). 

1647.1-keV level (JlT = 5;2+,7/2±,9;2-): This level was 

observed in the reaction study by Muller but no statement was 
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made concerning its ·spin ·or parity. The val.ues quoted her~ 

for the spiri and parity were established by intense gamma-ray 

transitions tc the first- and second-excited states and a 

logf! value of.6.4 for beta feeding to this level. Vervie~ 

calculated an energy of apFroximately 1.63 MeV for a 9t2-· 
. . .. 

level, which may be associat~d with this level; because of 

this energy similarity. If .this assignment is correct the 

level would be described by the configuration resulting from 

' 
coupling a 2p ~ proton to the 4+ state of the even neutron 

configuration. Again, however, there is a rather large per­

centage of beta feeding.to this level which contradicts its 

assumed collective character. Because of these complication~ 

it is impossible to limit th~ possibilities for the spin and 

parity of this level. 

The levels at .1695.5 keV, 1786.3 keV and 1911.5 keV 

could only be limited to the JTI possiblities of 

(3;2-,5/2±,7;2-). These values were all determined on the 

basis of gamma-ray transitions to the 3;2- first excited 

state and log~! values between 7.2 and 8.1. Muller reports a 

level at 1.89 Mev· with a Sfin-parity value of {5/2-) which is 

probably the level reported here at 1911 keV. Therefore a 

value of 5;2- is preferred for this 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

ed to fewer than four values for the spin ... nor could the 

pa,ri ty of the levels be determined.. ~owever, the level at 

2056 keV may be the 5;2- level observed at this same energy 

by Muller. Because of this energy equivalence, a spin-parity 

assignment of 5;2- for this level will be assumed. 

2129.1-keV level (JTI = 3;2- or 5;2-): The possible 

values for the spin-parity of this level were established by 

the gamma-ray transition feeding the 1;2- ground state and a 

logf! value of 7.7. 

2355.6-keV level (JTI = 5/2±,7;2-): The spin-parity 

values for this level were·determined by an intense gawma-ray 

transition to the 3/2- first-excited state and a logi! value 

of 1.0. Muller reports a doublet at 2.37 MeV composed of 

states with spin-parit~ values of 3;2- and 9;2-. Since 

neithei of these values lies in ~he range given abov~ it. 

appears that a different level was observed in the present 

work. 

2364. 8-keV level (JTI = 5/2 ... ) : The single value of 5;2-

for the spin-parity of this level was established by an 

intense ground-state transition and a logf! value of 6.7. 

Since a strong argument prchibits the spin-parity assignment 

of 3;2- this level canno~ be a member of th~ doublet observed 

by Muller at an energy of 2.37 MeV. 
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2543. 9-keV level (JiT = 5;2-) : Again the single value of 

5/2- for ~he spiri and ·parity was bas~d on an intense ground­

state transiticn and a.log!! value of 6.3. This level was 

reporteq in both previously cited reaction studies but Muller 

was unable to determine its J value. He did, nonet~eless, 

determine from the distribution for this level that Lp > 1 

while Preedom, ~i _s,l. (27) otserved an Lp = 1 distribution 

for this level. If Lp > 1,.then the 5;2- assignment is pos­

sible and in ~greement with the obs~rved log!! value. 

The levels at 2569.9 keV and 2574.9 keV both have 

intense transitions to the 5;2- level at 875.8 keV and a· 

log!! value of 5.8. Because of the allowed character cf 

these beta transitions the parity of these levels must be 

positive but the spin may be either 5/2 or 7/2 •. Th·e level at 

2553.9 keV is not beta fed and too few gamma-ray transitions 

are observed to provide reasonable limits for the spin and 

parity values possible for this level. 

2687. 7-keV level (JiT = 5;2+) : As a result of the 

intense ground-state transition depopulating this level, the 

spin is limited to J ~ 5/2. Because the logfi value for this 

level is 5.4 it is also true that 5/2 ~ J ~ 9/2 and the 

pari~y 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 first and the last have positive 

parity as determined by allowed beta feeding of these levels. 

The levels at 2820 kev and 2886 keV most likely correspor.d 

to the levels at 2.84.~ev and 2.91 MeV observed by Muller. 

In that work no spin-parity assignments were made for these 

two levels. so that or.ly their exis.tence is verified. 

Preedom, ~i s"l• report a level at 2.93 MeV which may be the 

level reported by Mull~r at 2.91 MeV. In the study by 

Preedom, a SFin-parity assignment of either 1/2- or 3/2- is 

made. Since the 2886-keV level has a logfi value of 6.4, a 

strong argument limits the possible values for.this level to 

(5/2±,7/2±,9/2±). The difference in possible spin values be­

t~een these studies prohibits any positi~e statements en the 

spin or parity of this level, which may not be that observed 

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 possible. 

The level at 2783.6 keV is limited in spin to the values 

(5/2,7;2,9/2) because of beta feeding with a logfi value of 

6.1. The 30C7.0-keV level is assigned·a spin-parity value of 

(5/2-) because of the presence of a ground-state transition 

and a logfi value of 6.2. 

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

by Muller in his reaction study and determined to have possi-
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ble spin-parity values of (5;2-, 7/2-). Because a ground-

state transition is known to depopulate this level and the 

level is fed in beta decay with a 16g1i value of 6.6 a SFin-

parity assignment· of (5/2-) is made. 

Finally, the levels at· 3824.4 keV, 3871~3 keV, 3894.8 

keV and 4119.7 keV have the range of spin-parity values 

(5;2+,7j2+,9j2+). This conclusion results from beta feedin~ 

to _these levels with logft values which are less than 5.9. 

In an effective interaction calculation for the leveis 

of 93Y, Vervier assumed that the odd Froton is ~ith~r a 2p ~ 

or a 1g ~ and that the neutrons are all 2d % . By coupling 

the odd proton to the possible excitations of the even neu­

tron configuration he obtained sequences of positive and neg~ 

ative parity states. The energies of the levels in each se-

quence were d~termined by the energy separation of the O•, 

2•, and 4+ states in 9•zr. The relative positions of the two 

sequences was then determined from the single-particle en~rgy 

difference for a 2p 1A and a 1g 9t proton. The resulting 
2 . /2 

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 

proton hole states in his calculation. Sine~ the reaction 

studies indicate that these configurations are dominant even 

at fairly low energies the calculation would appear to be of 

limited value. It does, however, appear to predict fairly 
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accurately the energies of the 112- and 9/2~ states formed 

from coupling the 2p 1
2 

prctcn to the 4+ state of the even 

neutrcn configuration. as has been noted abov~, the signifi­

cant beta feedings ~f these. levels disagrees with such 

collective c~ar~cter. Therefor~, the energy agreement ob-

served is probably entirgly coincidental. This calculation 

was repeated, as part of this study, using the energy separa-

tion of the O+, 2+, and 4+ levels in 92Sr. That calculation 

gives a better fit for the 3/2- and 5/2- levels but it also 

predicts extremely large energies for the 7/2-· and 9/2-

levels. Since the 3/2- and 5/2- levels are now known to re-

sult from different configurations this calculation results 

in even poorer agreement with experiment. 

These results indicate that instaad of changing the neu­

tron excitation energies the correct approach would be to 

enlarge the configurati6n sp~ce used in the calculation. If 

the Froton-hole configurations TI[ (2p % ) -1 (2 p 1/
2 

) 2 ] and 

TI[ (1f %) 1 (2p 1/~ ) 2] were included, configuration mixing be­

tween the resulting states might lead to the reduced energies 

observed for the. 3/2- and 5/2- levels. This approach would 

also provide th·e larger number of low-lying negative parity 

states which is observed experimentally. 

E. Level Structure of 93Sr 

As in the discussion of the 93Y level scheme we will as-

sume that eesr acts as an inert core. For the 93Sr nucleus 



119 

the protons·are assumed to ccmplete a shell closure at z = 
38~ Therefore th9 odd neutron will determine the character 

of the low-lying l~vels. !he shell model predicts that the 

.most likely odd neutron configurations would be ~hose given 

below; 

\) (2d % ) 5 

\) [ < 2 d % > ~ < 3 s y2 > 1 

\1[ ( 2 d % ) ~ ( 1 g % ) ] 

\) [ ( 2 d % ) ~ ( 1 g % )3 ] . 

\1( (2d % ) ~ ( 2d % ) ] 
with the resulting spin and parity values listed. Again it 

should be mentioned that since the 19 ~ orbit probably li9s 

very close in energy to the 2d % orbit,. configuration mixing 

with such neutron configurations should also be included. 

For example, the \1 (2d % ) 5 configuration probably contains 

admixtures of the configurations v[ (2d s1 ) 3 ( 1g 71 ) 2] and 
. /2 /2 

\1[ (2d%) (1g%) 4). These mixings will, of course, also 

lead to a multip~icity of the states mentioned above. Fot 

the sake of simplicity we will again denote the even neutron 

configurations by \1(2d 'l
2 

) 4 • 

93Sr Ground-state (J'IT = 7;2+): Eeta feeding to the 

758.8-keV (9/2+) and 875.8-keV (5/2-) levels in 93Y with 

logf! values of 7.3 and 7.8 respectively limit the possible 

spin-parity values to (5/2-,7;2±,9/2+). Since all the lew-

lying states are expected to be positive parity from the 
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shell model, it seems reasonable to limit the possibilities 

to (7;2+,9;2•). In the· initial discussion of Section V it 

was mentioned· that the 1 g 1;
2 

level wa.s descending. toward the 

2d% level as,proton and negtron pairs are added to the •asr 

nucleus. Evidently the 1g% level has fallen ·far enough to 

lie below the 2d o/
2 

level although it is surprising to see 
.. 

this occur for such a low neutron number (N = 55) • It may 

also be that a second 7;2+ state, resulting from the 

promotion of a pair of neutrons from the 2d % to the 1g% 

orbit, is present at fairly low energy •. The configuration 

interaction between these two states would result in a 

lowered energy for the lower lying 7;2+ state. If .this re-

pulsion were large enough it could explain the observed 7;2+ 

ground state. A value of 5;2+ would be. much more likely on 

the basis of the shell model but inconsitent with the logfi 

values measured. The internal conversion coefficient for the 

169-keV E3 transition depopulating the 9/2+ level in 93Y can 

determine whether or not this level is beta fed. If the in~ 

ternal conversion coefficien~ were small enough this level 

would not be beta fed while the 590.2-keV (3/2-) level would 

be. This would result in possible J'IT values of (3/2+,5;2+). 

For this to cccur, however, the internal 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 eguals ~he theoretical value cf 
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0.920 determined by Hager and Seltier (53) for E3 multipolar-

ity. 
. . ·. . . . . TI 

The extremely low value for a necessary to assign a J 

value of 5/2+ for th~ ground state of 93Sr ~herefore seems· 

highly unlikely. Also, oyer 99% of the gamma-ray intensity 

observed has been placed in the level ~cheme. c6nseguently,· 

even if all the unplaced gamma rays are placed feeding the 

758.9-keV level an intensity imbalance would still exist and 

the level w6uld .have to be fed in beta decay. 

No reactiori studi~s have been made of the le~els of 93Sr 

so it is not possible to assign spins and parities on the 

basis of comparison with such works. Furthermore, .although 

Achterberg, §!. ~1· (2 8) have proposed mul tipolari ties for the 

213.4-, 219.2-, and 432.5-keV transitions, ~hese values are 

suspect Qecause of the low-lying odd-parity level which re-

sults. If the 219.2- and 432.5-keV transitions are both E1 

the level at 432.5. kev must have negative parity. The pres-

:nee of such a low-lying negative-parity state cannot be ex-

plained on the basis of the sph~rical potehtial shell model. 

A negative-parity state at this low energy is also inconsist-

ent with the predominance cf positive-parity states in this 

energy region in other odd-A strontium isotopes. In an 

earlier work on the decay of 91Kr, Achterberg, §l al. (54) 

had reported a positive-parity state in the level scheme of 

91Rb. The parity was based on the supposed E1 multipolarity 

of the transition depopulating that level. In a later study, 
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Wohn, gi al• (55) established ·that the multipolarity of this 

transition was M1 and not E1 and that therefore no change in 

parity occurs. It appears that such a situation has occurred 

again, especially since the internal conversion coefficients 

used to make the m~ltiFolarity assignm~nts are ba~ed ~n th~ 

absence of conversion elect~on peaks rather than.a fit of the 

. conversio~ peaks themselves. Hence spin ~nd parity assign-

ment~ will be made without making use of the proposed E1 mul-

tipolarity of these two transitions. In order to make scme 

reasonable assumptions for the spins and parities of the 

levels in 93Sr it will therefore _be necessary to determine 

the ground-state spin arid pa~ity of 93~b. In the discussion 

of the next s~ction it will be argued that the most likely 

spin-parity assignment for this ground state is (5/2-). 

213.4-keV level (Jrr = 5;2+,7j2+,9;2+): Using th9 known 

(28) E2 plus M1 character cf the 213.4-keV gamma-ray transi­

tion depopulating this level, 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 decay with a logf1 value of 7.9 which 

limits the spin-parity assignment to a range of values 

including all of the above spin and parities. Thus, no fur­

ther restriction on the spin can be-made. Since the 2d ~2 
and 1g% orbits appear to.be very close in energy the spin­

parity assignment 5/2+ would be favored. 
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Becaus~ the ground state is the cnly l~vel limited to a 

single .value for the spin and parity very little else can be 

. said concerning spin-p~rity a~sigri~ents for the othe~ levels 

of 93Sr. The few statements that can be .m~de concerning 

spin-parity assignments, given the total lack cf sup~o~tive 

reaction data, are compiled in Table 19. 

Table 19. Spin-parity assignments for 9.3Sr level scheme. 

Jrr Assignments Level Energies (k~V) 

------------------------------------------------------------
(3;2±,5/2±, 7/2±) 2 97 9. 9, 3603. 2, 3866.8, 4017. 5, 

4 03 7. s, 4041.9, 4097.3, 4336.0, 
4 50 9. 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, 
3954.9, 4461.0 

(3/2-,5/2-, 7;2-) 3 84 7. 5, 491 3. 0, 5384.5, 5'413. 7, 
5601.2, 5631.1, 5775.3, 6000.4, 
6096.5, 6260.5, 6272.8, 6 277. 3, 
6 7 07. 2 

(5/2-, 7 ;2-) 3867. 3, 3890.6, 5395.7 

The levels having spin-parity possibilities of 3/2±, 

5/2±, 1/2± were fed in beta decay .with log.f d: values less than 

8.5. The levels with spin-parity possibilities 

3;2+,5/2±,7/2± were also fed i~ beta decay with log.f 1i less 

than 8.5 but in addition were depopulated by a ground-state 

~ranstion~ Those levels fed in beta decay with log.f! < 5.9 

could be limited to the spin possibilities 3/2, 5/2, 112 with 
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nega~ive parity. If a ground-state transition is observed to 

depopulate such a level tha spin was further restricted to 

5/2, 7;2. The only single-particle states which app9ar to b~ 

identified are the ground state and the first excited state. 

One wouid also expect to see lew-lying single-particle states 

with spins and parities of 1)2+ and 3;2+ ·b~t until more 

definite stat9ments can be made about the spin-parity assign­

ments of the levels in 93Sr po further iden~ification will be 

possible. 

c. Leve 1 structure of. 93 Rb 

In terms of the eesr inert core the active nucleons in 

the 93Rb nucleus consist of a proton hole and six neutrons. 

For ~he low-lying states the neutrons are assumed to be 

coupled to zero so that the dominant configurations _for these 

levels should result from the possible proton hole states. 

Based on the shell model the most likely nucleon configuta-

tions are 

7T (2p % ) -1 \) (2d % ) 6 

7T ( 1 f % ) -1 \) (2d % ) 6 

7T(1f% )-1V(2d% )6 

3;2-

5;2-

7;2-

with the resulting spin and parity values given above. For 

simplici~y the even neutron configurations have again been. 

denoted as 2d sh • As before there are probably large 

admixtures of the neu~rcn configurations (2d% )~(1g% )2, 

(2d% )2(1g'h )~,and (1g 7~ )6. In fact., the last configura-
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tion may be the dominant neutrcn corifigurati6n. 

93Rb Ground-state (J'IT = 5;2-) : On the basis of the 

shell model the most likely nucleon configuration for the 

ground state arises frcm ccupling the proton hole ~tate to 

the ground-state neutron configuration •. In the 87Rb, B9Rb, 

and 91Rb (51,56,54) level schemes the ground state is 3;2-

and the first first excited state is 5/2~. However, the sep­

aration between these levels is decreasing as the number of 

n~utrons is increased. Therefore thB 93Rb ground st~te may 

be either 3;2- or 5;2- based on these syst~matics. ·Since the 

7;2+ ground state of 93Sr is beta fed in the decay of 93Rb 

with a log£~ value of 5.8, the possible spin values for the 

93Rb ground state are 5/2, 7;2, and 9/2. The logfi value 

also indicates positi~e parity but, since all the shell mo~el 

states are of negative parity, this assignment is unlikely. 

It may be that the percentage of ground-state feeding is 

somewhat less since Brissot, §.! s1• ( 34) report 42% rather 

thar. 59% as reported by Achterberg, ~! ~1· (28). This dif­

ference in ground-state feeding is i~portant since 

Achterberg, et s1• argue that their large percentage of 

ground-state feeding, along with the observed density cf low­

lying levels, indicates positive parity for ~he 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 log£! value would th.erefore extend beyond 



·126 

/ 

the limiting value of 5. 9 for· Farity-changing decays. Based 
. . 

on these arguments a ground-state spin-~a~ity assignment of 

( 5;2-) is made. 

The ground-state spin and parity for 93Kr will be deter­

mined by the odd.n~utron since the ~ven-pto~on configur~tion 

is assumed to be coupled tc a total angular momentum of zero. 

on the basis of the shell ~odel the neutron configuration 

will probably be either V( (2d sh} 6 (1g 'h)] or V( (1g ',h )6 

(2d%)] which indicates a SFin-parity assignment of 7;2+ or 

5;2+ respectively. However, the other N = 57 isotones for 

which ground-state spin and parity assignments have been made 

(57,58) are known to have a 1;2+ ground stat~. It also 

appears that the ground-stat~ spin of gssr is less than 5/2 

since feeding to the ground state of 95Y (1/2-) has been re­

ported (33). This. assignment would also be consistent with 

the lack of beta feeding tc the 5;2- ground state of 93Rb 

while th~ other values are not. As a result it seems that a 

spin-parity of 1/2+ is most reasonable. This assignment will 

be used to predict spins and parities for the levels of 93Rb. 

such a spin-parity assignment·might result from the neutron 

configuration v[ (1 g 7 , ) 6 (3s 1 , ) ] or v[ (2d 5, ) 6 (3s 11 ) ]. 
12 '12 12 . '12 

iT 253. 3-keV level (J = 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 log!! value 
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of. 6.5 then limits the spin to 3/2 5 J S 1/2. The intersec-

tion of the~e two g~oups limits the· spin-parity assignment to 

the possibilities given abcve. Because the other odd-A 

rubidium isotopes ha~e ground-state spin· and parity of 3/2~ 

~here is probably a low-lying level in 93Rb with this same 

spin and parity. As a result, the 3/2~ value is preferred 

for this level. such a state prob~bly results from coupling 

a 2p % proton hole to tbe ground state of the even neutron 

configuration. 
. . 

266.8-keV level (J~ = 1;2-, 3;2-): The ground-state 

transition depopulating this level is reported to have an E2. 

multipolarity (28). · The parity of this level is therefore 

negative and the. spin is less than or equal to 9/2.· Since 

this level is also fed in beta decay with a logf! value cf 

6.1 the spin must be less thati 5;2. These two arguments lead 

to the final spin-parity assignments listed. The 112- value 

is favored since such an assignment could result from 

promoting the odd proton tc the 2p 11 orbit.· 
. /2 

324.0-keV level (J~ = 3;2-): This level is depopulated 

by an M1 transition (28) so that the spin-parity values pos­

sible are· (3/2-,5;2-,7/2'-). It is also fed in beta decay 

with a log!! value of 5.9 which implies a spin change cf zero 

or one. The only value possible for the spin and parity is 

therefore 3;2-. 
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506. 0- ki;!V ll;!vel (J 7T = 1;2-, 3/2.;.;) : Two M 1 -transit icnE 

are :reported (28) to depopulate this level. These two tran­

sitions limit the spin to leEs than 7/2~ and because both 

feed negative parity levels,. the parity_ Of ":hiE l·evel· must 

also be negative. Beta feeding with a logf1 value of 5.9 

limits the poEsibilities to (1/2±,3/2±). combining these ar­

guments we find the possible value E listed above. 

Since only the ground Etate and the ~bird excited state 

can be limited to a single spin-parity possibility, fe~ding 

of these levels, along with beta feeding of the levels of 

interest, will determine the c":her spin-parity assignments. 

Most of these. arguments woqld therefore be. repetitive. In 

order·to avoid this redundancy the assignments are presented. 

in Tabl~ 20 followed by th~ arguments leading to those aE-

signments. 

The levels assigned spin-parity values of 

(1/2-,3/2±,5/2~) were fed in beta decay with lcg! 1! values 

greater· than 8.5. The possible values which result ·from this 

feeding would be ( 1/2±, 3/2±, 5;2-). A ground-state transition 

also depopulates these levels so that the 1/2+ possibility is 

very unlikely. The levels assigned the possibilities 

(1/2-,3/2±) were fed in beta decay with log,& 1! < 8,5 so that 

the 5;2- is eliminated. A ground-state transition again 

depopula+es these levels and eliminates the 1;2+ possibility. 

The possible values of (1/2±,3/2±,5;2-) were based entirely 
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Table 20. Spin-parity assignments for. 93Rb level scheme • 

. JTI Assignments ievel En~rgies (keV) 

------------------------------------------------------------. . 

(112-, 3/2±, 512-) 820.48, 1850.02, 3358.67 

( 1 I 2-, 3 I 2 ± ) 1562.97, 3464.72 

( 112±, 312±, 512-) 1688.67, 2083.84, 2210. 53 

(112±,312±) 1880.25, 1964.58, 2009.27, 2285.71, 
2664.81, 3245.06, 3265. 12, 3280. 0 5, 
3308. 28,· 36 31. 50, 3733. 92, 3 7 77. 10, 
3800.89, 4050.62 

(112+,312+) 2814.85, 3001.95, 3063 •. 29, 3493. 57, 
3551.47, 4080.51, 4861.48, 5048.89, 
5237. '57, 5491.67, 5496.18, 5665.40, 
5759.60, 5859.73, 5920.23, 5965.36,. 
6070.40, 62 59.9 8, 6572, 10, 6725. 45 

on beta feeding with logi 1~ values great~r than 8.5. ~he 

possibilities (112±,312±) were also determined entirely by 

beta feeding but in this case the log! 1! values were l~ss 

than 8.5. The last group of levels has possible spin-parity 

assignments of (112+,312+) ba~ed on beta feeding with log!i 

valu~s less than 5.9. only the level at 2855.9 keV can be 

limited to a single spin-parity possibility. This assignment 

is based on beta feeding with a logfi value less than 5.9 and 

a gamma-ray transition to the ground state. The only single-

particle states which appear to be observed are the grcund 

state and the first two excited states. The other low-lying 

states generally have negative parity and probably result 
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from coupling thesesingle-particle stat~s to the excitations 

of the even neutron configura-+: ion. Not m.uch more can be· said 

about the descriptiori of these states until the proton ~nd 

neutron ~onfigurations are better known.for ~his mass .r~gion. 
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VI. CONCLUSIONS 

The level schemes for 93Y, 93Sr, and 93Rt all provide 

grea~er netail for the decays of 93St, 93Rb, and 93Kr than. 

was ·presented in previous ar,ticles on these decays 

(26, 28,34). In some cases, especially that .of the 93Rb 

decay, these details have a significant effect on the beta 

feeding of previously established level~. Changes in these 

beta feeding percentages, along with a re-evaluation of the 

Q-value information available, result in corresponding. 

changes in ~he logi! values for these decays. Because of the 

changes in log!! values which occur it is possible to argue 

that it is consistent to assign negative parity for the low­

lying levels in 93Rb, to ccnform to the predictions of the 

shell model. The positive parity proposed by Achterberg, ~i 

sl• (28) requires that they postulate the existence of a 

deformed nucleus in the case of 93Rb. 

Changes in the Q-values reported for the decays of 93Sr 

and 93~r h~ve also resulted from the present work. Baeed on 

the log~! values for the high-lying levels in 93S~ it. has 

been shown that a Q-value cf 4.5 MeV is favored. A re­

evaluation of the beta decay information· provided by 

Clifford, ~i sl• (21) has ~ade it possible to calculate a 

more reliable Q-value for the decay of 93Kr. 
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Further work is needed befcre reliable comparisons can 

be made with the single-particle shell model for this mass 

region. Measurement of the ground-state spins of· 93Kr, 93Rb, 

and 93Sr would be e~tremely useful in ini compaiison with the 

values predicted. by the shell model. Once the ground-state 

spin-parity assignments have been maae it .wodld be h~lpful if 

ICC and angular·correlation studies could be performed. This 

information would aid in the ~ssignment of spins and parities 

for the excited le~els observed in these decay schemes. New 

measurements of the intern~l conversion coefficients are es­

pecially needed for the 219:2-keV and 43~.6-keV transitions 

in 93Sr in order to determine if the 432~keV level they 

depopula~e is actually a negative-parity state as suggested 

by Achterberg, §1 ~.1· (28). 



133 

VII• APPENDIX A: EXPERIMENTAL NOTES 

Th~ gamma-ray ene~gies used to deter~ine the calibra-

~ions for the mixed spectra are presented in Table 21. The 

energies quoted are a weighied averag~ rif the values quoted. 

by Greenwood, ~t ~l· (59,60;61}, M.ulthauf and Tirsell (62}, 

. and Gunnink, 21 ~l· (63}. The intensities quoted for these 

gamma rays by Gunnink, §t, ~1· (63}, Camp and Meredith. (64)', 

Aubin, §.j: 21• (65}, ·and .Edwards ,21 ~1· (66) were used to es-

tablish the de~ector effi~iency curve required for the 

area-to-intensity.conversion. 

Table 21. Gamma-ray calibration sources. 

---------------~-------------------------------~------------

Nuclide Gamma-Ray Energies (keV} 

-----------------------------~------------------------------

s6co 

57Co 

60Co 

1e2Ta 

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 • 7 3 6, 4 2 • 71 5, 6 7. 7 50 , 84 • 6 8 0 , 1 00. 1 0 5, 
116.418, 152.434, 156.387, 179.393, 198.356, 
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, 
115 5. 1 7, 12 3 8. 13, 12 8 0. 9 8, 1 3 7 7 • 6 4, 1 40 1 , 4 4 , 
14 0 7 o 98 1 15 0 9 o 2 2 1 1 6 61 o 2 4 1 1 7 2 9 o 55 1 17 6 4 o 4 9 1 

1838.33, 1847.44, 2118.52, 2204.14, 2447.E3 

-------·--------=~-~--------e~~--------------------------~--
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VIII. APPENDIX B: COMPUTER PROGRAMS 

A. DISKRITE 

Each data set was initiallJ transferred from ·the. 

analyzer memory to ~ seven-tr~ck magnetic tape. This tap~ 

was used to provide the inFut aata for the various computer 

programs utilized in the data analysis. In order to pr6vide 

a more durable and easily accessed form for the input data, 

the data sets were transferred from the magnetic tape to a 

private disk pack stored at the Iowa State computation 

Center. The program DISKRITE was designed to perform the 

transfer of these data sets. It was also possible to correct 

individual channels ard co~pensate for gain shifts before 

adding data sets using this program. The gain shift ccrrec­

tion is linear, that is, i~ a p~ak occurs in channel X in one 

spectrum and channel X' in another the two are assumed to be 

related by the equation 

X' = AX + B. 

fhe values of A and B ~LQ Cdlculaled 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 correspond to those given fer the 

first da~a set read in. 
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B. SKEWGAUS 

The program SKEWGAUS was used to fii the large numt~r of 

p~aks obser~ed in the Ge(Li) detector spe~tra dat~ collected 

for this study. A recent report by w. c. Schick, Jr. (67) 

~xplains this program and its use_ in great detail so that 

only a sketch of this progr~m will be ~reserit~d ~ere. The 

basic form for the function which is asiumed to fit the 

Ge(Li) detector peaks is a Gaussian with an exponential tail 

on the low energy side. ··Because of th~ inGreased compl,xit~ 

resulting from sev.eral sources the compfete function used is 

different for each of the three regibns liste~ below: 

R~gion I (X< x 0.- T): 

f = h[1- t + a(-z-v)N]exp(v(v + 2z)] + ht 

Region I I (X o - T < X < X ) : 

f = h(1- t)exp(-z2) + ht 

Region III (X o < X) : 

f = h (1 + bzM) exp (-z2) 

where 

z = ( x - x 0 ) I ( ITa) · 

v = -r/ ( /2'cr) 

a= (FWHM)//Bln2'. 

The variable paramet9rs used here are h, the peak 

height; x 0 , 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 th~ tail 
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height ~o peak height; a, the lower skewness parameter; ahd 

b, the upper skewness parameter. 

In most cases the upper and lower skewness parameters 

were not needed and were set equal to ·zero. The tail parame­

ter was used only for a few intense low-energy peaks. The 

values of FWHM and T were linearized as functi6ns of ~nergy 

based on the best fits of several intense peaks in the spec­

trum. 

Initial estimates are required for all parameters but if 

the fit includes only one Feak the program calculates these 

estimates itself •. If more thari one peak is to be fi~ 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 Feak. 

A standard nonlinear least squares method is used to find the 

best fit to the data points. Punched card output consisting 

of peak height, centroid, area and ~heir associated error~ 

can be obtained for input to the program DRUDGE. 

C. DRUDGE 

The program DRUDGE i~ a secretary program used to carry. 

out the number-crunching of converting peak centroids and 

areas to energies, intensities and uncertainties. The energy 

calibration is calculated by the program 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.co~paring the ritrue" ga~ma-r~y energies with the least 

square energies, E(LSQ), determined from the energy calibra-: 

tion 'line. Th~ diff~rence between these two values is 

. E (NONLIN).. A nonlinearity curve is input to. the program in 

the form of a ~eries of points (E(LSQ) ;E(NONLI~). This 

curve is then used by the program to cor~ect for stich nonli~­

eari ty. 

A table of detector efficiency as a .function of energy 

must be input to the program in ord~r to complete the 

area-to-intensity conversion. Since a 1/4" thick plastic 

disk is used to protect the end of the Ge (Li) detector a 

table of relative attenuations versus energy is also =equired 

as input to the program. Between the input points a log-log 

interpolation is used to determine the detector efficiency 

and external attenuation. 

The gamma-ray energy.uncertainties are.determined fro~ 

the expression 

6 E = s Q R T ( ( 2a x) 2 + (a a 2 - a ab 2 x + a b 2 x 2) + a e z ) 

where ax is the standard deviation of the dentroid, ae is the 

uncertainty in the energy nonlinearity, aaz, ab2, and aabz 

are the uncertainties and covariance of .the least 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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used is 

~I = A * SQRT ( (2C1H/H) 2 + (0.05) 2) 

where a 5% detec~or efficienc~ uncertainty· is assumed. 

D. EUFFTAPE 

The program BUFFTAPE is used to run gates· on tbe buffer 

tapes on which the coincidence information is stored. Infor­

mation exists on the tapes in the form ~f A/B pairs of 

channels. The progr~~ allcwE the user to gate on .either the 

A or the B members of the Fairs. Up to 25S barids can be run 

during a single execution cf the program. A maximum of 10 5 

counts can be stored in a single channel of the output spec­

trum provided by this program. 

E. LVLSURCH 

This program was used to extend tbe decay schemes usin~ 

the energies cf previously kncwn levels and th~ energies of 

· the unplaced gamma rays. Possible new levels are found which 

have transitions with old levels and then a search is made to 

place gamma-ray transitions between new levels. 

The criteria required for placing a gamma-ray transition 

were 1) that it match the energy difference between twc 

levels to within the limit (DEL) , 2) that it not have been 

placed previously, 3) that it have no crossover (coincidence) 

violations wi~h 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 lea~t 2*DEL dis~ant frcm ·O~her level~,. 2) is defined by 

at leas~ LNIT transitions, .and 3) has at least one transition 

depopulating the level. 

F. Auxiliary ·Programs 

The program TICC was used to calc~late the total inter­

nal conversion coeffic.ients f6r the gamma-ray transiticns.ob­

served in this study. The program is a modified version of 

the spline interpolation used by Hager and Seltzer (53). It 

·also allows the user to calculate internal conversion coeffi­

cients for transitions of mixed multipolar{ty. 

LEAF is a secretary tyFe program used to calculate level 

energies and the per cent bet~ branching to ea6h level. A 

list of gamma-ray energies and intensities, internal ccn~er­

sion coefficients, and the per cent ground-state bet~ feeding 

are required as input to the program. The gamma~ray ene~gies 

are used to determine the level energies and th~ gamma-ray 

intensity imb~lances 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 conversions the program requires the input 

of the energy calibration and a detector efficiency curve. 

The intensity cf each peak in the ''gate" spectrum is then 

compared with its intensity in the "background" spectrum iri 

order to determine if there is a significant change in inten-
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