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ABSTRACT 

The E/B+ decay of 23.0 min 145Gd has been thoroughly studied with 

Ge(Li) and plastic scintillator detectors. A total of 326 y rays de-

exciting 136 levels in 14 5Eu have been placed by this work. The available 

decay energy, Q =5.07±0.06 MeV, was measured by B-y coincidence techniques. 
E 

+ E/B -decay branching ratios have been measured for several transitions, 

and a long standing anomaly in those ratios has been resolved by the new 

Q value and the discovery of additional electron-capture decay. We have 
E 

investigated the B-strength function for 145Gd and discovered pronounced 

structure with resonances at 1042, 1819, 2484, and 4500 keV. The 1042-

keV resonance is proposed to result from a (~d3;z)~vs 112 )-l~(~d 3 / 2 ) 1 

2 ~ + B-transition, the 1919- and 2584-keV resonances from c~aS/2) ~[(~r;S/2~2 ]1,2 

decays, and the very strong 4500-keV resonance from the (~h 11 / 2 ) 2~(~h 11 ; 2 )~ 
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+ ••• ) transition across the shell closure. 
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I. INTRODUCTION 

Since 145Gdg was first characterized in 1959 by Groverl and later 

by Olkowsky et a1.,2 it has continued to spark considerable interest and 

controversy. This decay is uncharacteristic when compared with the lighter 

N=81 odd-A isotones. Despite having much greater available decay energy, 

145Gd (in this paper 145Gd will be taken to mean 145Gdg unless stated 

otherwise) is more than twice as long-lived as 143sm and displays a com-

pletely different decay pattern. 

In 1970 Newman et al.3 reported spins and parities for a number of 

the low-lying states in the l45Eu daughter determined by the 144Sm(T,d) 14 5Eu 

reaction, and they also reported the analysis of a high-resolution Ge(Li) 

y-ray spectrum associated with 14 5Gd decay. 

In 1971 Eppley, McHarris and Kelly4 presented a more complete decay 

scheme for 14 5Gd that explained many of its decay properties. They showed 

that the unique 14 5Gd decay pattern resulted partly from the crossing of 

the vs
1 

h. state below the vd
312 

~tate to become the ground state in 14 5Gd. 

This effectively blocked all simple allowed B transitions between avail-

able shell-model states and forced the decay to proceed primarily to high~ 

lying states of m9re complex character. 

Although Eppley, McHarris, and Kelly resolved one controversy, they 

opened up another~ more perplexing question. In the course of their 

decay-scheme studies, they measured E:/B+-decay branching ratios (hereafter 

+ referred to as eiB) for·the stronger B transitions from 145cd. Some of 

these values deviated significantly from allowed B-decay theory and could 

not be explained at that time. Firestone et al.5,6 pursued this question 

in 1974,-75 in a series of progressively more precise
1 
experiments; yet the 
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£/S+ anomalies persisted. They proposed 7 that the inclusion of second

order corrections to the allowed theory of £/S+ ratios might produce such 

anomalies in hindered allowed decays, but, as this suggestion could not be 

experimentally verified for the complex 145Gd decay, the matter remained 

in question. 

In 1976 Firestone et al.a reported a more complete Ge(Li) y-ray 

singles spectrum for 145Gd taken with a larger detector than had been 

previously available. In this spectrum numerous new y-ray' lines were ob-

served above 2.5 HeV,representing about 4% of the total decay intensity. 

This unplaced intensity was insufficient by itself to remove the anomalies 

but pointed out possible difficulties with the accepted decay scheme. The 

next year Hornsh~j, Nielsen, and Rud 9 (hereafter HNR) measured a 14 5cd 

y-ray singles spectrum in· which they reported that some 16% of the total 

y-ray intensity existed in transitions above 2.5 MeV. In addition, they 

measured a new total decay energy by a questionable (see §III.C. below) 

y~ray endpoint technique and obtained a Q that was 320 keV lower than the 
£ 

previously accepted value and which could help remove the £/S+ anomalies. 

Also, HNR concurred with an argument of Hardy et al. 10 that the decay of 

145Gd should proceed to a large density of states above 2.5 MeV in 14 5Eu, 

which would deexcite by numerous, w·eak y-ray transitions individually dif-

ficult to detett,yet containing a large total amount of decay intensity. 

Our (Firestone et al.B) recent y-ray singles intensities could not be 

reconciled with those of HNR, and their new decay energy was uncertain 

because it failed to correct both for Compton events and nuclear structure 

effects. Nevertheless, the basic argument of Hardy et al. offered a 

plausible explanation for the apparent £/S+ anomalie~. We therefore 
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decided to remeasure the 14 5Gd decay scheme completely with sufficient 

precision to settle this matter finally. Despite the dire warning of HNR 

that this would be ''quite out of the reach of current y-spectroscopic tech-

niques," we have successfully restudied the decay of 14 5Gd and our results 

are detailed in this paper. 

\ 
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II. SOURCE PREPARATION 

Sources of 145Gd were prepared both by the 144Sm( 3He,2n) 145Gd reac

tion using a 20-MeV 3He beam and the 144Sm(a,3n) 145Gd reaction using a 

42-MeV a beam from the Michigan State University 50-MeV sector-focused 

cyclotron. Tar 0oets of 144 sm 0 (enriched to >95% in 144 sm and obtained 
2 3 

from Oak Ridge National Laboratory) were bombarded in the various experi-

mental configurations discussed belo1v. Very pure sources of 145Gd were 

produced jn both reactions, because the lighter Gd products wer2 all too 

long lived (t 112~36 h) to contribute significantly to the activity at the 

time of counting. The bombardment energy was chosen to avoid the produc-

tion of 144Gd(t
112

=4.5 min). In addition, the sources were permitted to 

cool for about one half-life (23 min) in order to allow short-lived activi-

ties to die away. This removed impurities resulting from oxygen in the 

target as well as the decay of 145Gdm (t
112

=85 sec), which was produced 

copiously in both reactions. The sources produced in these reactions 

were transported to the counting areas either by a fast rabbit system 

(transit time <10 sec) or by a He-jet recoil-transport system (HeJRT)1 1 

(transit time <1 sec). The latter system was automated so that sources 

could be collected, allowed to cool, and automatically moved in front of 

the detectors in a repeating cycle in order to maximize counting effi-

ciency. Activity transported by the rabbit system was manually removed 

from the rabbit and allowed to cool before counting. 
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III. EXPERIMENTAL DATA 

A. y-Ray Singles Spectra 

Two separate Ge(Li) detectors were used to record the 145Gd y-ray 

singles spectra. One detector with 2.0 keV resolutton and 8% efficiency 

(relative to a 7.6x7.6-cm Nai (Tl) detector at 25 em for 1333 keV) was 

used to record the spectra below 2.7 MeV. A second detector, with 2.1-keV 

resolution and 16% efficiency, was used to observe the higher energy y rays. 

A pile-up rejection system ,.,as employed to minimize chance y-niy summing, 

and all sources were counted at a distance of 50 em at rates below 5000 cps 

to minimize coincident summing. Thesources were enclosed in Be absorbers 

sufficiently thick to stop all positrons in order to reduce the background 

from bremsstrahlung. 

Data were recorded in two consecutive 25-min spectra from an 8192-

channel ADC, and the second spectrum was subtracted from the first, after 

being normalized to the long-lived impurity peaks. In this manner a total 

of 2xl09 events, exclusive of annihilation radiation, were recorded on mag-

netic tape. The spectra were then calibrated up to 4.8 MeV for energy 

and intensity with the sources listed in Table I. These calibrations were 

performed with the configuration identical to that for the 145Gd sources 

both before and after the experiments. Internal energy calibrations were 

also performed with live l 45Gd sources. The resulting spectra were then 

interactively anaiyzed using the computer code SAMPol 2 to obtain the best 

set of peak centroids and areas. The complexity of the spectrum required 

the stripping of numerous multiplets of y rays, which was performed by 

requiring both a minimum standard deviation and a satisfactory visual 

acceptance of the fit. 
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In addition, the high energy of many of the y rays further complicated 

the spectrum with the contribution of single- and double-escape peaks. 

In order to correct for these escape-peak intensities, the efficiency for 

detection of single- ·and double-escape peaks as a function of y-ray energy 

\vas calibrated using 66 Ga and 56co sources. The resultant "escape effi

ciency curve" is shmm in fig. 1. For y rays below 2. 5 MeV this correction 

becomes small. 1-ve found that for our detection system, the ratio of single

to-double escape-peak intensities remained constant at a value of 1.20 for 

all y-ray energies. The escape peak intensity was then stripped from the 

spectrum before final analysis. 

The y-ray singles spectrum (uncorrected) is shown in fig. 2, and a 

list of the 14 5Gd y rays and their intensities is given in Table II. 
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B. Coincidence Spectra 

Activity p~oduced by the 144Sm(a,3n) 145Gd reaction was transported 

using the HeJRT System and deposited on a programmable, movable tape. 

These sources were deposited for 20 min, moved to a Pb shielded area for 

another 20 min to allow short-lived activity to die away, and then counted 

for 20 min. This permitted nearly continuous counting without manual 

intervention, allowing us to obtain a large number of coincidence events. 

The two Ge(Li) detectors discussed above were placed at about 135° with 

respect to the source in order to reduce the contributions from annihila-

tion and Compton scattering to the spectrum. Standard fast-slow coinci-

dence electronics were used, and y-y-t triplets were stored sequentially 

on magnetic tape. Timing resolution of ~15 nsec fwhm was obtained during 

the course of the experiment, and both detectors were gated on Y rays up 

to 5.5 MeV. Over a period of three days we obtained 1.3xl07 pairs of 

coincident events which were then analyzed. Over fifty gates were set on 

each side, and, in order to improve the'statistics, the corresponding 

gates were precisely matched in gain, using a quadratic fit to the cen-

troids of several intense peaks, and then they were summed. This procedure 

contributed negligible loss of resolution and allowed us to use all of the 

data most effectively. 

The integral coincidence spectrum is displayed in fig. 3, and gates 

on the 330-, 808-, and 1042-keV y rays deexciting the first three populated 

excited states of 145Eu are shown in figs. 4-6. A summary of the coinci-

dence information is included in Table II. It is important to note that 

sufficient statistics were obtained to see several transition,s above 4.0 

MeV quit:e clearly. In this region the background was very low, and only 



-8-

a small number of events were actually necessary to determine a caine~-

dence definitely. \Vhenever possible, the coincidence assignments were 

checked for intensity by comparison with the singles intensities; however, 

many y rays could be observed unambiguously only in coincidence experi-

ments. As in the singles spectrum, coincidences were corrected for 

single- and double-escape peaks. 
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C. Decay Energy 

Three early measurements 1 • 2 • 13 of the B endpoint for 145Gd decay 

yielded the decay energy,QE = 5.31±0.12 Mev;l4 Although Wapstral5 proposed 

a systematic value, Q = 5.0 MeV, nine separate calculations tabulated by 
E 

Maripuu 16 yielded a higher average value, Q = 5.19±0.07 HeV, the error 
. . E . 

representing the statistical scatter of the calculations. 

HNR suggested that the previous experimental Q values were too high 
E 

because they represented gross B endpoints and failed to account adequately 

for a weak, high energy B+ branch, thereby giving too large a value. They 

then reported a new value, QE 5.00±0.07 MeV,measured by a different 

technique. They utilized their y-ray singles spectrum by plotting the 

square-root of the number of events vs the y-ray energy to obtain a y-ray 

endpoint. This value was taken to represent the endpoint for K capture, 

assuming a statistical capture feeding to a continuum of states in 145Eu. 

We believe that this technique cannot be acceptable because of several 

severe deficiencies. An experimental Ge (Li) y-ray spectrum is not simply a 

collection of y-ray energies but is normally dominated by the Compton scattered 

events from the higher energy transitions. Thus, a y-ray spectrum endpoint 

will tend to primarily be a Compton endpoint that at higher energies is about 

0.24 MeV below the highest energy y ray. In addition it is impossible to 

account for the clustering of y-ray peak intensity, due to nuclear structure, 

. h d . I l iS . ., d . as 1s o. serve 1 n t H' CJ '1 ng l cs s pee t l'LHil ::,•ar t 1e y-ray en po1nt. 

To demonstrate this mure clearly we hav~ repeated HNR's method with 

our own y-ray singles spectrum. This result is shm.,;rn in fig. 7, where the 

data are compressed and plotted in the same way as by HNR. Our endpoint, 

Q = 4.86±0.03 MeV,is even lower than that of HNR and is not consistent 
E 

with any previously measured or calculated value. In Table III we have 

presented the existing experimental endpoint values for Q before our 
. E 

present ~vork. 
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To obtain a more reliable value of Q , we have performed standard 
E: 

s--r coincidence experiments in order to label the various s + branches 

directly by their subsequent y-ray deexcitations. Mixed sources of 145Gd 
. + . . 

and lnternal B -calibration standards were prepared using the HeJRT system 

and transported to a point between the 16% Ge(Li) and a 5.lx5.1-cm Pilot B 

plastic scintillator detector. A 6.4-Pm Hylar window separated the source 

in the evacuated tape transport box from the plastic detector. A stan'dard 

fast-slmv coincidence electronics system was used to record S-y-t triplets 

on magnetic tape for off-line analysis. B-y coincidence spectra were then 

recovered for the strong y-ray transitions associated \vith 145Gd decay and 

the standards. Only direct ground state y-ray transitions were utilized 

in order to minimize coincident summing, and the mixed sources obviated 

the need for count-rate and source-thickness corrections. The S-y coinci-

dence spectra for the 1758- and 1~81-keV y rays of 145Gd and the 378-keV 

y ray of 53Fe are shown in figs. 8-10. 

+ A simple Fermi-Kurie plot cannot be used to analyze S spectra 

taken with plastic scintillators because of backscattering, summing with 

annihilation radiation, and numerous other effects. We therefore analyzed 

our data using a method developed by Davids et al.l7 We fitted a smooth 

+ curve through a standard S spectrum (here the 1758-keV gate) and n~eri-

cally generated a standard experimental spectrum shape. Utilizing this 

standard shape,we normalized the other spectra to the same intensity and 

calculated a linear "stretch factor" that is proportional to the end-point 

width of the distribution. The resultant fits are drmvn through the data 

in figs. 8-10. The stretch factors were assumed to vary linearly with 
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end-point energy over moderate ranges of energy. 

The results of this analysis are shown in Table IV. The stretch 

factors we used were all nearly unity, juatifying a linear interpolation; 

however, we have also fitted idealig~@ ~+ §p@~tra to estimate a correction 
f· ;.-- ..... 

for any small nonlinearities. He have now adopted the resultant .,.value'", 

Q ~ 5.07±0.06 MeV, with a 2~ ~t~ti§tieal error. This value is 0.2 MeV 
£ 

larger than that obtained by the use of HNR's technique and is-in agree-

ment with our suggestion of the dominance of Compton events in their method. 

Although most calculations were slightly higher than our final value, it 

agrees with the systematic estimate of Wapstra.1 5 ..... 
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D. Half-life 

Although the 14 5cd half-life has been measured several times in the 

past, ·we have remeasured it again during these experiments. The previous 

values are presented in Table V. Sources of 145cd were prepared with the 

---
aid of the HeJRT system and counted for seven consecutive 10-min intervals 

with the 16% Ge(Li) detector. The count rate was kept below 2000 cps 

at all times, and sources were held for 20 min.before counting in order 

to allow short-lived activities·, particularly 145Gdm, to decay away. This 

latter point Has critical because 85-sec 145Gdm decays prirnaril;.r to 14 5Gdg, 

which would perturb a measured half-life. 18 A pulse generator was in-

eluded for a dead-time correction that was, however, small. The half-

life was followed for both the 1758- and 1881-keV y rays, and in fig. 11 

we show the resultant half-life plot. We obtained a half-life of 23.0 

±0.4 min, which compares favorably with the early values and falls between 

the more recent measurements of Eppley, McHarris, and Kelly4 and of HNR. 
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E. E/~+-Decay Branching Ratios 

Our initial mQtivation for studying 145Gd decay, of course, was the 

elucidation of the E/8+-decay branching ratios. Since Eppley, McHarris, 

and Kelly4 first measured apparently large anomalies in some of these ratios, 

we have performed a long series of complementary experiments designed to 

test their existence. It is interesting to note that Eppley, McHarris,and 

Kelly's early experimental results were essentially confirmed by our later, 

more precise measurements. We will show below that these data can now be 

reevaluated, with knowledge of the new decay scheme, to remove the evi-

. +. 
dence for large E/8 -branching anomalies. 

1. Pair Coincidence Spectra. To obtain the relative 8+ feedings 

+ 
from 145Gd decay, a y--y triple coincidence experiment was performed. 

Sources of 14 5Gd were placed betw~en Teflon absorbers of sufficient thick-

ness to stop all emitted positrons. These sources were then placed in 

the center of a 20x20-cm Nal(Tt) split annulus.1 9 The two optically iso-

lated halves of the annulus were gated on the 511.0-keV y± radiation mark-

ing a positron decay, and a third Y-ray coincidence was sought in the 16% 

Ge(Li) detector. + The resulting:y--y coincident spectrum is shown in 

fig. 12. 

Although in principle the resulting spectrum represents only the 

145Gd B+ decay, in fact several important corrections were necessary to 

obtain the proper transition intensities. The largest correction was for 

the summing of coincidence y rays in the Nal(Tt) annulus. The high effi-

ciency of the annulus (60% at 511 keV) led to significant coincidence sum-

ming and a resulting intensity loss for cascade y rays. 'fuenever possible, 

direct ground-state transitions were chosen to obtain the relative level 
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feedings. The experimental data were analyzed to generate an appropriate 

sum intensity correction curve which was necessary in light of the new, 

more complex decay scpeme. Fortunately, most of the new decay data re

sulted from electron capture decays, so these corrections were generally 

small. A second important correction was for annihilation in flight. 

Higher energy positrons are expected to annihilate in flight with greater 

probability and therefore will not emit so many 511-keV y rays. We thus 

chose a low-Z absorber to mimimize this effect. The data were then cor

rected for annihilation in flight using the tables of Azuelos and Kitching. 20 

This correction varied from about 2% at 1 MeV to 5% at 4 MeV. 
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2. x-y Coincidence Spectra. Relative £ feedings were measured in 

an x-y coincidence experiment. A 5-run thick planar Ge(Li) detector having 

550-eV resolution at 122 keV was used to gate ·on the K x-rays tagging an 

£ decay, and the 16% Ge(Li) detector was gated on y rays labeling the 

£-fed level (here internal conversion x-rays were always negligible). 

The data were '11ritten in three parameter x-y-t event format on magnetic 

tape for off-line gating and analysis. The resultant y-ray coincidence 

spectrum is shown in fig. 12. This spectrum was analyzed, with 

major corrections, to obtain the relative £ feedings. As with the posi-

tron coincidence data, it was necessary to correct for coincident summing, 

here in the x-ray detector. Although summing losses were less here (typi-

cally 20....:30%), the preponderance of new decays were fed by£ decay, requir-

ing important corrections. As before, the data themselves were utilized 

to generate the correction factors. A second correction peculiar to this 

experiment was for the higher-shell £ decay, which varies with the decay 

. 25 energy 1n a well known manner. Additional informa-

tion obtained from this experiment, resulting from the excellent timing 

of the planar Ge(Li) detector, was that all of the strong y-ray transitions 

were essentially prompt (t
1 12 <0. 5 nsec), justifying our use of .the coin

cidence intensities• In fig. 13 we have shown the gated TAC spectra for 

several transitions. 



-16-

+" 
3. Absolute s/S+-Decau Ratios. Although the x-y and y--y experi-

ments yielded relative £- and s+-feeding intensities, a third experiment 

was necessary to normalize the two sets of data. In this experiment thin 

sources of 145Gd were prepared by deposition on Mylar tape from the nozzle 

of the He.JRT system. Annihilation radiation and K x-rays were counted 

simultaneously with a 7.6-cmx7.6-cm Nal(Tt) detector. The coincident y 

rays, tagging the s/B+-fed levels in 145Eu, were detected by the 16% Ge(Li) 

detector, and the source was surrounded by a lucite absorber to insure 

total S+ annihilation. Coincident energies were recorded as y-y-t triplets 

on magnetic tape for off-line analysis. Nal(Tt) pulse-height spectra in 

coincidence with the y rays depopulating the 808- and 1758-keV levels are 

sho•~ in fig. 14. The relative efficiency ratio between the x-ray region 

(45 keV) and 511 keV was calibrated, using an NBS standard y-ray source, 

as R=s(45)/s(511)=2.00±0.14. This compares favorably with R=l.95 that 

we calculated using the tabulated Nal(Tt) efficiencies of Heath23 and cor-

recting for attenuation by the source annihilator and detector windows 

with the tables of Israel.24 

The s/B+ ratios were then determined absolutely for the strong 

transitions after additional corrections for the well-known fluorescence 

25 
yields, 25 s(K)/s(tot) ratios, and annihilation in flight. 20 The transi-

tions to the 1042-, 1758-, and 1881- keV levels in 145Eu were measured 

with sufficient precision to serve as primary absolute s/S+ ratio standards. 

Using the more extensive x-y and S+-y coincidence data described above, 

we then calculated the absolute s/S+ ratios to other levels. These ab-

solute values,including all corrections described above, are compared with 

the theoretical values,26 assuming Q =5.07±0.06 MeV, in Table VI. The 
£ 

skew ratio (exp/theory) is now nearly unity, within error, for all cases--
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in agreement with allowed decay theory. We have also included in Table VI 

a comparison of the total e:/S+-feeding intensities to each level inferred 

from the coincidence data (normalizi~g to the total singles intensity) 

with those obtained from y-ray singles intensities through each level. 

The agreement is excellent, indicating 'that nearly all of the decay inten

sity has now been observed and that our 'corrections to the coincidence 

data are reasonable. 
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IV. PROPOSED DECAY SCHEME 

Our proposed decay scheme for 145Gd is shown in fig. 15. It is largely 

in agreement with the scheme of Eppley, McHarris, and Kelly4 except for the 

level they previously reported at 953.4 keV, which has been deleted, and 

the addition of numerous new levels and y-rays. We have now. placed a 

total of 326 y rays deexciting 136 levels in 145Eu. A list of the levels 

placed in 145Eu is given in Table VII. This is nearly an order of magni-

tude more levels and y rays than were formerly observed by Eppley, McHarris, 

and Kelly, commensurate with our increase in statistics. Although complex 

decay schemes like 145Gd cannot be entirely resolved experimentally, we 

believe that more than 98% of the total decay intensity is now placed. 

+ This is confirmed by the intensity balance through the two 7/2 states 

at 330 and 1600 keV. A total of 53 Y rays, representing about 5% of the 

total intensity, feed these two states, which deexcite by only two strong 

y rays. 1ve observed that the ratio of the y-ray intensity feeding to that 

deexciting these levels is 1.01±0.03, which is consistent with t~e expec

tation of no direct, second-forbidden t./S+ decay feeding to the levels. 

Any unobservable decay intensity would surely 

be 'reflected in this intensity balance. The level energies presented are 

unusually precise because they wer~ fitted, using the numerous y-ray 

relations, with the computer code GTOL27 to obtain the best values. 

We were able to assign the spin and parity of many states from a 

combination of deductions. The spin of the parent 145Gd has been mea

sured directly to be 1/2+. 2 8 Several low-lying states in 14 5Eu were 

observed by Ne\vrnan et al. 3 . who made some i" assignments using their data 

1.-t<-t l.:.i-4 
from Sm(T~d) Eu. Using their measurements \ve have assigned Jrr's for 
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the states at 0 (5/2+), 329.9 (7/2+), 716.1 (11/2-), 808.3 (1/2+), 1041.7 

(3/2+), and 1600.3 (7/2+) keV. In addition, numerous 3/2+ states can be 

assigned by their y-ray decay patterns. Allowed and first forbidden non-

1 + + 
unique decay from 45Gd can only proceed to 1/2- and 3/2- states. If the 

states fed directly by E/S+ decay deexcite through known low-lying 7/2+ 

' . + 
states,they are uniquely determined to be 3/2 . (Here we assume that all 

states that are fed with a logft~8.5 and deexcite through a 7/2+ state are 

3/2+.) A total of 45 states were assigned 3/2+ in this manner. 

The relative y-ray intensities listed in Table II are given as per-

cent per decay. All transitions placed on the decay scheme evidenced at 

least \veak coincidence information or were' too strong not to have been ob-

served in coincidence and thus were assumed to be direct ground-state tran-

sitions. The higher-energy y rays had only limited possibilities for place-

ment, making their assignments more straightforward. Energy sums were used 

only to assign a group of y rays, already placed together in the scheme 

by coincidence information, to a given level. At high excitation in 14 5Eu 

the level density is large enough to establish some question as to whether 

some levels are actually doublets or not. Although no satisfactory solu-

tion to this problem is apparent, this will not significantly effect the 

discussion below. 

The level scheme, although quite complex, can be broken down into 

several dissimilar regions. Below 1.6 MeV only the 1042-keV state is fed 

+ measurably by E/S decay (%8% of the total). The states at 1758 and 1881 

+ keV are each fed by nearly 35% of the total E/S decay, and near 2.6 MeV 

three states receive 4.6% of the decay. In the region from 2.7 to 4.0 MeV 

many very weakly-fed states are observed, but above 4.0-MeV, ten states 

are seen to receive about 5% of the total decay. When one considers the 
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strong energy dependence of £/S+ decay, the total intensities to those high

lying states is indeed remarkable and indicative of an extremely non-statis

tical decay pattern. 
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V. DISCUSSION 

With the completion of this complex and substantially more complete 

decay scheme than had previously existed for 145Gci, the question of r./8+ 

anomalies can he answered 'vith considerable certainty. Also, usin'g one 

of the most detailed decay schemes yet studied for a nucleus far from 

stability, we c~n pfobe the nature ~f 8 decay to regions of high level 

density. 145Eu is a particularly suitable choice for this study because 

it lies ori the N=82 Closed shell and is only one proton removed from the 

Z=64 semi-closed shell. The unusual decay properties of 145Gd will be 

shmvn to be readily explained by use of the weak-coupling plus shell 

models • 
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A. c/6+ Ratios 

The final £/~+ ratios obtained from this work are presented in Table VI. 

None of the strongly fed levels now shows any ll!easurable anomaly. The 

weighted average skew ratio for all measured levels (experiment/theory) is 

1.2±0.1, indicating less than a 30% deviation from theory. Small deviations 

have been observed experimentally before and are probably explained by 

higher order theoretical corrections.29 No adequate explanations exist 

for large anomalies,30 and our results now remove this likelihood for 145Gd 

decay. 

The apparent anomalies were removed by the inclusion of additional 

£-decay intensity and a lower decay energy as was suggested by HNR. It is 

impossible to reconcile our y-ray intensity above 2.5 MeV with that reported 

by HNR because we see only about one-third of their reported intensity, and 

such a large amount of missing decay would completely destroy the intensity 

balances through the lo,.,rer-lying states. He did observe almost 10% of the 

decay to occur from new y rays below 2.5 MeV, however, which was 'sufficient 

to support HNR's general argument. 1ve also consider our general agreement 

+ with HNR on the 8 -decay endpoint to be strictly fortuitious. Their method 

was shown to be in error by our better statistics, confirming our claim 

that their result should be dominated by Compton events. Nevertheless, 

it must be emphasized that HNR were correct in suggesting that the end

point should be lower for the strongest £/8+ transitions to agree with 

theory. 

1,· 
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B. Statistical S-Decay Properties . . : 

The large amount of decay data discussed here offers a unique oppor-

tunity to investigate the nature of S decay to regions of high level 

density. Although individual transitions in this region cannot be fruit-

fully discussed, previous authors have differed in their statistical treat-

ment of such decay systematics. Duke et a1. 31 have presented Nai(TR-) y-ray 

. ' . 
spectra that they interpreted to indicate slowly varying S-decay strengths 

(corrected for energy dependence) to regions of high level densit~ for a 

broad range of nuclei in the region 182.:s4.:::210. A similar argument was 

given by Hardy et a1., 10 who present a simulated, computer-generated, 

decay scheme argument with the same conclusion. Finally, Kratz et al., 32 ,3 3 

using e~delayed neutron decay data,.have suggested that strong shell-model 

structure is.observed in the B~decay strength function near Z=50. All of 

these:discussioris offer incomplete or inferred evidence for their claims. 

l-Ie believe that our data can be much more clearly interpreted in investi

gating the S decay of 145Gd to high-iying states in 145Eu. 

The work of Hardy et a1. 10 is particularly relevant to this discus

sion because they created·a simulated y-ray spectrum for 145Gd. (dysphemis-

tically called "Pandemonium''). Briefly, they manufactured a decay scheme 

assuming the level density formulas of Gilbert and Cameron, level separa-

tions according to the Wigner law, a random Porter-Thomas distribution of 

S-decay transition probabilities, and const~~t S strengths.3 4 In addition, 

+ . + they assumed that all 3/2 states deexc1te to the ground and all 1/2 

states deexcite to a level at BOO keV. A "y-ray spectrum" was thus generated 

" " corresponding to various experimental statistical degrees of precision. 

It was asserted that ~1000 y raysshould be present and that for a spectrum 

with the statistical precision presented by.Ep~iey, McHarris,and Kelly, 4 
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~20% of the decay would not have been observed. Further, it was asserted 

that additional y rays from the deexcitation of the levels to various addi-

tional states would further disperse the total y-ray intensity. 

The data presented in this paper invalidate some of the assumptions of 

Hardy et al. concerning Pandemonium. + The 3/2 · states tend not to deexcite 

strongly to the ground state but instead spend most of their y ray 1ntensitY 

to numerous excited states up to 3 MeV in 145Eu. The other higher-lying 

states of unknown spin (largely 1/2+ states) are also seen to spread their 

intensity to many excited states, although generally they feed the ground 

state more strongly than the 808-keV state. This deexcitation pattern is 

completely alien to that assumed by Hardy et al. Also, according to their 

analysis, we should have seen only about 80 of the ~1000 y rays expected 

to have energies greater than 1.7 MeV. In fact, we observed ~200 y rays 

in this energy region (albeit some only in coincidence experiments). In-

deed, the %1000 y-ray estimate is very misleading because most such transi-

tions, even though they might exist, are much too weak to be of any conse-

quence to the level scheme. (Certainly all y-ray transitions bet>veen all 

levels are possible with finite transition probability. Nevertheless, 

only those transitions with appreciable intensity need be considered in 

constructing a level scheme. In this sense no decay scheme can ever be 

considered really complete but is only an asymptotic approximation; yet it 

is only in the driest academic sense that such arguments should.be considered 

important.) For the 136 levels presented here,~9000 y rays are possible,so 

we only see some 3.5% of the numerical total. This has been shown to repre-

sent more than 98% of the total y-ray intensity. 

Finally, the assumption by Hardy et al. of a constant B-decay strength 

can be tested with our data. The B-decay strength function is normally 
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defined as 

- b(E) -1 -1 s
8

(E) = fr MeV sec , 

which effectively removes the statistical factor energy dependence. Here 

b (E) is the 'transition intensi tv per tv!eV and ft is the normal B-decay transi

tion rate. We have plotted our 145Gd S-strength function in fig. 16. The 

data are averaged in 200-keV intervals of excitation to remove small ex-

perimental and statistical fluctuations. ·The large peak in the S-decay 

strength at 1. 8 MeV is acknowledged by Hardy et al. to be structure related, 

and the second, weak peak at 2.6 MeV generally agrees with their prediction 

of "broad topographical features" in the 8-strength function. The large 

peak at 4.5 MeV, however, completely disagrees with the structureless 

S-strength function arguments. Clearly, the decay of 145Gd, after correc-

tion for the known energy dependence in the decay rate, proceeds substan-

tially to pronounced structure comprised of some 25 constituent levels 

near 4.5 MeV. This fact cannot be removed by such experimental problems 

as the uncertainty in the decay energy or the unresolved level doublets, 

because the absolute decay intensity is much larger to these states than 

to all other lower lying states above 2.7 MeV. 

The previous work of Duke et a1. 31 did not describe such structure; 

however, their data suffered from a combination of poor resolution and sub-

stantial corrections for detector response which could well have hidden 

strong, narrow structures in their measured S-decay strength functions. 

They also looked at different nuclei, which might ~r might not exhibit the 

same structure observed here. They did, however, see a large average 

s~strength increase at N=l26. 

It appears here that the suggestions of structure effects observed 

by Kratz et al. 32, 3 3 near 2:;:50 may also be observed w-ith more certainty 
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for 14 5Gd decay. A more detailed explanation of what occurs for 145Gd . 

decay will be presented in the following section. 
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C. Weak-Coupling Plus Shell-Model Description of l 45Gd Decay 

Although the t./S+ decay of an odd-A nucleus one nucleon removed from 

the N=82 closed and Z=64 semi-closed shells might appear easily explain

able by the simple .. shell model, this is not the case for 1 45 Gd decay. 

A stylized diagram of the available shell model decay channels is shown in 

fig. 17. + The t.IB decay is effectively blocked, in a shell-model sense, 

because the available filled proton orbitals, g
712 

and d
512

, cannot decay 

directly to the open s 112 .neutron hole in an otherwise closed neutron 

shell. Single-particleshell-model transitions cannot occur except by in-

elusion of ('rrd312 ) 2 or (Tis
112

) 2 pairs in the proton wave functions. 

The occupancyof (Tis I ) 2 orbitals must be small because they provide 
1 2 . 

much less pairing energy than (Tid
5

/
2

) 2 orbitals. This is demonstrated by 

+ . 
the high logft~7.7 forB decay to the (112) 808-keV state in 145Eu. The 

(Tid I ) 2 -orbital does not suffer from so large a pairing energy deficiency; 
3 2 

however, the Tid
312

+vs
112 

t./B+ transition will be ~ forbtdden. This ex-

plains the ·logft of 6. 7 for decay to the (3/2+) 1041. 9-keV state in 145Eu. 

An admixture of (7Th I )2 pairs to the proton wave function should be . 11 2 

important because of the large pairing energy associated with high-~ orbi-

tals; nevertheless, the 1rh I +vs I transition is highly forbidden and does 
11 2 1 .2 

not contribute to this discussion. ·+ Most of the t.IB decay of 145cd is thus 

observed to proceed to more complex states than can be explained within 

the context of the simple shell model. He have chosen to explain the decay 

to states below 3 MeV in terms of transitions between collective core 

structures with the additional odd particles acting merely as spectators. 

We will also show that the strong decay intensity beginning near 4 MeV 

results from the opening of the next neutron shell and the resultant re-

appearance of simple shell-model type transitions. 
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For this discussion we have simplified our complex decay scheme to 

include only the prominent structures observed in the a-strength function 

plotted in fig. 16 where resonances at 1043, 1819, 2584, and 4500 keV are 

featured. These resonances, in general, contain many individual substates 

(much like some resonances observed in particle-reaction data) and are 

assumed to have simple underlying structures. The energies given here re-

present the weighted average _energy of all levels within the resonance. 

Our simplified decay scheme is shmvn in fig. 18a, and in fig. 18b we show 

the relevant core decay 35 1 44Eu-+144sm on which we shall base our weak-
' ' 

coupling model. The appr6priate choice of a core is not obvious, as 146Tb-+ 

146 Gd might also be appropriate. Unfortunately, that decay has to our 

knowledge not yet been wellenough investigated to be usable, so it will 

not be considered here. 

1. The 1819- and 2584-keV Resonances. + Most 'of the EIB -decay strength 

(exclusive of the fast rrd I -+vd I single-particle ground-state transi-
5 2 3 2 . 

tion) from 144 Eu goes to the lowest lying two 0+ and 2+ states in 144 sm. 

The ground state of 145Eu can be represented as a rrd I single particle, 
5 2 

and it is reasonable that decay should proceed to weakly-coupled states 

of the form 144 sm + (rrd ) • - 5 12 • 

Although many possible low-lying couplings exist, only those which 

+ + 
form 112 or 312 states in the odd-mass system can be observed from the 

. I + allowed E S decay. Therefore, the strong transitions from 1 44 Eu to the 

0+ states in 144 sm cannot be observed in the odd-mass system because only 

+ . + a 512 coupling is possible. The analog of the decay to the f1rst two 2 

states can be observed in the odd-mass system because there the 112+ and 

312+ couplings are possible. We thus propose that the two resonances at 
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1819 ·and 2554 keV represent the 1rd I t&2 + and 1rd I '2:2 + configurations. 
5 2 l 5 2 2 

Each of these resonances consists predominantly of two distinct, £/B+-

fed levels~ One member of each pair of levels is definitely 312+ and the 

. . + 
other is most likely spin 112 (no y-ray deexcitation is observed to the 

1rg 
7 

I 
2 

level) as we would expect. A further check of our assignment is 

possible if we compare the relative y transition intensities between the 

states of the odd- and even-mass systems. For the core decay cl 44Eu) 

. + 
·only a small y-ray branch (4%) exists between the two 2 states, the re-

mainder going to the ground state. The.identical branching ratio is ob-

served in the odd-mass system,with 96% of the decay again going to the 

ground state. 

The excitation energies of. the states in the odd-. and even-mass sys-

terns are also quite similar. The states in the odd-mass system are about 

160 keV higher, which may be explained by the residual interaction in that 

system. This is apparent because the two odd-mass excited resonances have 

almost exactly the same energy displacement (765 keV) as was observed in 

the even-mass system (763 keV). Such a result is expected if the resi-

dual interaction were the same for both states. + For the 1rd512~ 1 reson-

ance it is possible to infer the location of the remaining 512+, 712+, 

and 912+ couplings,which are not fed directly by £18+ decay. The two 

states at 1567.3 and 15~9.9 keV are probably! not populated appreciably 

+ by £18 decay but instead are strongly _fed by y-ray cascades. We thus 

. + + 
propose that these states represent the 512 and 712 couplings, iespec-

tively. The remaining 912+ coupling may lie at 1459.6 keV.. This state is 

+ only very weakly populated because only (512 ) states populated by for-

bidden S decay can deexcite to it. The centroid energy of these five 

couplings is 1653 keV, which agrees closely with the energy of the 21+ 
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state (1660 keV),as would be expected in our weak coupling model. 

Finally, if our decay model is correct, the logft's observed 

in the even-mass system should coincide with those in the odd-mass system. 

Here it appears that the 144Eu S decays are considerably faster. On 

closer inspection, however, the large decay energy for 144 Eu (Q =6.33 MeV) 
E 

should tell us that much decay intensity was not observed for the same 

reasons as in the early 145Gd decay studies. If, instead, we take the 

logft's from the better studied 142pm decay 36 (Q =4.89 MeV) we get logft= 
.E 

5.3 and 6.2 for the decays to the 21 
+ and 22 

+ states respectively. Again 

the agreement with the odd-mass decay is striking. Thus, our simple weak-

coupling model can be used to explain in detail much of the decay sys-

tematics to the lower-lying states. 
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2. The 4500-keV Resonance. The simple weak-coupling model which 

successfully explained decay to the lower-lying states in 145Eu cannot be 

so easily applied to the states that form the large upper resonance. Be-

·ginning at 4.05 MeV we observe 21 states having S decay with logft's~6.5. 

No other 8 transitions so fast are observed to any other states above 2.7 

MeV. The rapid decline in S strength following the peak at 4 • .5 HeV can 

only be observed up to about 4.8 MeV. Even fast transitions to levels 

above this energy will have too little decay intensity to be observed as 

discreet transitions. Nevertheless, the continuum y-ray intensity falls 

off rapidly in this region (above the highest-energy Compton-scattering 

events). 'Clearly a simple structure, favored for population by E/8+ 

decay, must occur at 4.5 MeV in 145Eu. 

As discussed above, there is possibly a significant admixture of 

(Tih
1112

) 2 pairs in the proton wave function of 145Gd. Simple 

Tih 11 ; 2+vh9/2 spin-flip transitions will be very fast. Thus if the shell 

separation energies in this region are small enouih, these 8 transitions 

should be observed. In addition, the Tih
1112 

orbitals can decay by an t

forbidden allowed transition to the vf
7

/
2 

level. We can thus explain the 

decay systematics to the large resonance as resulting from the opening 

of the next shell and subsequent fast transitions to three-quasiparticle 

configurations of the form, [Tih 1112~h912®(vs 112+vd312 )]. 

In order to estimate the excitation energy of the vh I and vf I · 
. . 9 2 7 2 

orbitals in 145Eu, we have performed a simple shell-model calculation, the 

results of which are shown in fig. 19. Here the vh
912

-vh 11 /2 separation 

is taken as 5.5 MeV, the pairing energy from mass-excess datal5,37 is 

1.72 MeV, and the empirical shell-model pairing interaction v
912

_
11

;
2 

is 

1.25 Mev.38 The lower-lying single-particle neutron' energies are obtained 
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145 
from the Eu data and the N~82 neutr6n single-particle energies are 

taken from the level scheme of 147Gd. 39 Although the vh
912 

orbital lies 

1 MeV too high for the expected resonance, additional residual interac-

tions in the three-quasiparticle structures can further lower the energies 

of the low-spin couplings. Also, we find that the vf
7

;
2 

orbital lies at 

3.9 HeV, where the large S-strength resonance begins. Direct TTh 1112-+vf7; 2 

transitions are ~-forbidden and will not alone produce a strong S-decay 

+ resonance; however, configurations such as [(vh
11

;2'2v.f7;
2

)f6(vs
112

®vd
3

;
2 

••• )] 

will certainly mix strongly with the vh 912 coupled states, thus lowering 

the energy of some states expected to be strongly populated by £ decay. 

He thus suggest that it is probable that the strong S feeding centered at 

4.5 MeV in 145Eu results primarily from the vh
1112

+vh 9/ 2 transition. The 

strength of this transition can be predicted by comparison with the same 

transition observed in the £/S+ decay of the TTh
1112 

isomer of 147Tb 

39 . . 147 (t
112

=1.9 min) to the vh 912 state in Gd. A log.ft of 4.3 was observed 

there, \.Jhich compares favorably with the logft of 4. 8 that we measured for 

decay to the 4.5-MeV resonance. This comparison is enhanced by the fact 

that the high decay energy for 147Tb (Q =6.3 MeV) indicates that missing 
£ 

y~ray intensity should substantially increase that log.ft, while for 145Gd 

only a portion of the vh
912 

strength can be observed, thereby lowering 

the true logft for that transition. 

.. 
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VI. CONCLUSIONS 

Fro!U this detailed investigation of the decay of 145Gd, >98~~ of the 

t:./f/-decay intensity has been placed. This information has been sufficient 

to answer some perplexing problems concerning the decay. Previously mea

sured large anomalies in the experimental t:.IB+ decay branching ratios have 

been shown to disappear as a result of our new measurement of the Q value 
E 

and the discovery of numerous, weaker-t:.-fed levels at high excitations in 

145Eu. The systematics of the t:.IB+-decay to 136 levels in 145Eu have been 

described using simple models which are outlined in fig. 19. Transitions 

to the lower-lying single-particle states were shown to be highly retarded 

because of a severe mismatch in the proton-neutron shell-model wave func-

tions. Substantial decay was observed to proceed to two resonances at 

1819 and 2584 keV. These resonances could be readily described in a weak-

. . + + couplJ.ng model as the rrd
512

ti<:(2
1
+2

2
) states arising from the coupling of 

the odd valence proton to the 2+ 144sm core states. Finally, a ~ubstantial 

B-strength resonance at 4.5 MeV was shown to represent decay from (rrh 1112 ) 2 

quasipairs to (vh
912

:vh
712

) states across the shell gap, thus populating 

[ rrh 11 12
S.?·(vh

912 
+vg 

712 
)g(vs 

112 
+vd

312
)] three-quasiparticle configurations 

in 145 Eu. 

Although we have achieved considerable success in explaining the nature 

of 14 5Gd decay, several interesting experiments still remain to test our 

ideas. The decay of 145Gdm offers an excellent opportunity to test our 

explanation for the 4.5 MeV resonance. Here the high~spin three-quasi-
' 

particle states of the form, [1rh I t$J(vh l +vh 712+ •• • }~h I ] 12-
1

1 - 1 -11 2 9 2 11 2 9 ,1 2 ,13 2 

should be populated. .Although experimental difficulties resulting from 

contamination from th~ 145cdg decay cannot be-avoided here, the additional 
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0.75 }feV of decay energy may well allow observation of the resonance at 

higher excitations. Also, the study of 147Dy decay (Qe:=6,3 MeV), should 

present opportunity to observe the same resonance, but with sufficient B-

decay energy to populate it throughout its extent. rn addition, work is in 

progress to reinvestigate existing decay schemes for similar structure 

in B-decay strengths. Preliminary results for 143 sm and 141Nd decays indi

cate substantial evidence for the Tid
512

,g,[2:+2:] resonances, although decay 

across the shell gap is not possible in those cases. Si~ilar structures are 

also seen away from the shell closure,at lower energies, consistent with 

increasing deformation. We shall investigate these phenomena in future 

publications. 
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Table I 

Energy and Intensity Calibration Standards for 1 4 5Gd y-Ray Spectra 

22Na 

56 co 

60co 

66ca 

75se 

94Nb 

152Eu 

l66Hom 

207Bi 

226Ra 

228Th 



E (keV) 
y 

287.2(20) 

305.5 (30) 

310.1(30) 

329.9( 1) 

514.0(20) 

589.0(20) 

646.0(20) 

716. 2 ( 2) 

719.9( 1) 

722.0(20) 

751. 0(20) 

754.6 ( 2) 

808.4( 1) 

818.0(20) 

838.8( 1) 

854.1(20) 

933. 7(20) 

949. 7( 1) 

952.6( 3) 

961.0(20) 

973.8(20) 

984. 0(20) . 

992.5(20) 
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Table II 

y Rays Observed From l~SGd Decay 

I a 
y 

0.007( 1) 

0.007( 2) 

0.011( 2) 

2.7 ( 2) 

0.007( 2) 

0.015( 3) 

0.019( 4) 

0.071( 6) 

0.'105 (10) 

0.020( 6) 

o. 015 ( .3) 

0.034( 6) 

8.6 ( 5) 

0.120(13) 

0.30 ( 2) 

0.034( 5) 

0.013( 3) 

0;68 ( 4) 

1.50 ( 9) 

0.032( 5) 

0. 010( 4) 

0.032( 5) 

0.010( 4) 

Placement 
from-to 

(keV) 

2049-1761 

2417-2114 

2422-2114 

330-0 

2114-1600 

2049-1460 

2562-1915 

1758-1042 

1761-1042 

2322-1600 

2319-1567 

2322-1567 

808-0 

2700-1881 

1881-1042 

2422-1567 

2780-1845 

1758-808 

1761-808 

2562-1600 

2819-1845 

2586-1600 

2839-1845 

Observed in 
Coincidence Gate(s) 

(keV) 

953 

1784 

1784 

1436,1719,1784,1873, 

2195 

(l600) 

1460 

1915 

1042 

1042 

(1600) 

1567 

1567 

950,953,1072,1891, 

2150,2292,2423,2867 . ,. 

1881 

1042 

1567 

1845 

808 

808,2423 

(1600) -

1845 

(1600) 

1845 



E (keV) 
y 

1013.9(20) 

1014.2 ( 2) 

1041.8( 1) 

1072.3( 1) 

1082.4(20) 

1129.8( 1) 

1181.5( 1) 

1215. 0 (20) 

1220.3(20) 

1234.4(20) 

1366.1(20) 

1380.1( 1) 

1381.0(20) 

1416.3(20) 

1421.7 ( 1) 

1427.9(20) 

1430.8( 4) 

1436.2( 2) 

1441.5(20) 

1459.6( 3) 

1461.6( 1) 

1462.9(20) 

1466.6(20) 

1467.6(20) 

1513.2(20) 

1513.4( 2) 

1561.9(20) 

-42-

Table II (continu~d) 

I a 
y 

0.010( 3) 

0.071( 6) 

9.9 ( 6) 

2.8 ( 2) 

0.029( 5) 

0.024( 3) 

0.074(13) 

0.046( 7) 

0.016( 4) 

0.041( 7) 

0.082(11) 

0.07 (_ 2) 

0.054( 8) 

0.008( 4) 

0. 042 ( 6) 

0.:1_2 ( 3) 

0.061(12) 

0.30 ( 2) 

0.016( 7) 

0.081( 9) 

0.28 ( 2) 

0.025( 5) 

0.029( 8) 

0.007( 3) 

0.017( 5) 

0.35 ( 2) 

0. 014 ( 6) 

Placement 
from-to 

(keV) 

2859-1845 

2780-1766 

1042-0 

1881'-808 

2839-1758 

1460-330 

3062-1881 

2972-1758 

2028-808 

2043-808 

3769-2402 

2188-808 

.2422-1042 

3880-2463 

2463-1042 

1758-330 

1761-330 

1766-330 

3769-2327 

1460-0 

3062-1600 

3229-1766 

3547-2079 

3932-2463 

3628-2114 

2322-808 

3889-2327 

Observed in 
Coincidence Gate(s) 

. (keV) 

1845 

1436 

839,1422,1600,3010 

808 

1758 

330 

1881 

1758 

808 

808 

808, (1594) 

808 

1042 

1422 

1042 

330 

330 

330 

2327 

1600 

1436 

2079 

1422 

1784 

808 

2327 
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Table II (continued) 

Placement Observed in 

E (keV) · I a from-to Coincidence Gate(s) 
y y (keV) (keV) 

1567.2( 1) 0.97 ( 6) 1567-0 

1576.0(20) . 0.025( 6) 3176-1600 1600 

1576.0(20) 0.019( 6) 4276-2700 1891 

1593.8(1) 0.176(11) 2402-808 808 

1598 .. 6 (20) 0.095(11) 2642.:...1042 1042 

1599.0(20) o·. 039 (lo) 3199-1600 1600 

1600.1( 1) 1.76 (10) 1600-0 1460,2150,2947 

1613.9( 1) 0.130(11) 2422-808 808 

1620.3( 1) 0.10 ( 6) 3221-1600 1600 

1648.9(20) 0.024( 8) 3705.:2054 2054 

1658.0( 1) 0.38 ( 2) 2700-1042 1042 

1678.6( 2) 0 ~ 052 ( 8) 2487..:.808 808 

1686.6( i) 0.105(12) 249 .. 5-808 808 

1696.4( 2) o. 043 ( 7) 2504-808 808 

1719.1( 2) 1.05 ( 7) 2049-330 330 

1750.1(20) 0.033( 5) 2079-330 (330) 

1755.0(20) 0.046(11) 4282-2525 2195 

1757.9( 1) 34.2 (20) 1758-o 2739 

1782.9(20) 0.036(10) 4309-2525 .. 2195 

1784.4( 1) . 0. 40 ( 3) 2114-330 330 

1788.5(20) 0.075(10) 4710-2919 808 

1796.1(20) 0.007( 3) 3562-1766 1436 

1844.0(20) 0.007( 3) 4309-2463 (1042),2463 

1845.4( 1) 0.53 ( 4) 1845:..o 

1858.3(20) 0.10 ( 2) 3739-1881 1881 

1872.6(20) 0.109(11) 2203-330 330 

1880.6( 1) 32.6 (19) 1881-0 

1891.0 ( 2) 0.43 ( 3) 2700-808 808 



E (keV 
y 

1915.5 ( 2) 

1934.8(20) 

1988.5( 1) 

1999.0(20) 

2021.7(20) 

2027.8( 1) 

2040.9(20) 

2042.9( 1) 

2049.1 ( 4) 

2054.1( 1) 

2056.7(20) 

2064.0(20) 

2073.9(20) 

2077.9 (20) 

2079.1( 1) 

2083.7( 1) 

2083.9(20) 

2087.2(20) 

2091.4 ( 2) 

2100.4( 1) 

2110.6( 1) 

2144. 2 ( 3) 

2149.0(20) 

2149.6( l) 

2157.9(20) 

2158.6(20) 

2163.4( 1) 
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Table II (continued) 

I a 
y 

0.19 ( 2) 

o. 048 ( 9) 

0.090(10) 

0.057( 5) 

0.105( 8) 

0.148(11) 

0.07 ( 2) 

0.049(10) 

0.15 ( 2) 

0.080(11) 

0.08 ( 2) 

0.09 ( 2) 

0.018( 7) 

0.066(14) 

0.11 ( 2) 

0.099( 8) 

0.027( 7) 

0.076(14) 

0.049(10) 

0.205(13) 

0.138(13) 

0.037( 5) 

0.070(15) 

0.130( 9) 

0.032( 4) 

0.022( 7) 

0.119(12) 

Placement 
from-to 

(keV) 

1915-0 

2743-808 

2319-330 

4048-2049 

3062-1042 

2029-0 

3921-1881 

2043-0 

2049-0 

2054-0 

2940-1881 

3945-1881 

3921-1845 

4282-2203 

2079-0 

4547-2463 

3963-1881 

3848-1761 

4410-2319 

4503-2402 

2919-808 

4259-2114 

3747-1600 

2150-0 

2487-330 

4004-1845 

2972-808 

Observed in 
Coincidence Gate(s) 

(keV) 

(808) 

330 

330,1719 

1042 

1881 

1881 

1881 

1845 

2203 

1042,1422 

1881 

953 

(330, 2319) 

808 

808 

(1784) 

(1600) 

330 

1845 

808 
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Table II (continued) 

Placement Observed in 

E (keV) I a from-to Coincidence Gate(s) 
y y (keV) (keV) 

~ 

2175.8(20) 0.032(10) 4700-2525 2195 
:• 2181.2( 1) 0.105( 9) 4503-2322 (2322) 

2187.8( 3) 0.018( 8) 2188-0 2203 -
2192.0 (20) 0.034( 8) 3001-808 (808) 

2195.2( 2) 0.099(10) 2525-3'30 330 

2202.0(20) 0.063(15) 4282-2079 2079. 

2203.0(20) 0.052(13) 4391-2188 2188 

2203.4( 1) 0.45 ( 3) 2203-0 

2227.0( 1) 0.140(13) 4276-2049 330,1719 I 

2'232~6( 2) 0.035(10)· 2562-330 330 

2239.7( 3) 0.016( 7) 3281-1042 1042 

2253.9( 2) 0.078( 9) 3062-808 808 

2276.1( 6) 0. 006 ( 2) 4391-2114 (1784) 

2283.5( 3) 0.026( 3) 4044-1761 808,953 

2292.0( 4) 0.05 ( 3) 3101-808 808 

2293.5( 2). 0.10 ( 3) 4052-1761 808,953 

2302. 0(20) 0.015( 5) 4184-1881 1881 

2313.0(20) 0.056( 8) 2642-330 (330) 

2318.9( 1) 0.052( 4) 2319-0 

2322.0( 4) 0.118(14) 2322-0 

2327.3( 7) 0. 04 ( 2) 2327'-0 

2349.0( 1) 0.050( 6) 2349-0 

2360.9( 4) 0.022( 5) 4410-2049 (330, 1719) 

2387.3( 2) 0.054(13) 4436-2049 (330), 1719 

2390.9( 2) 0.032( 8) 3199-808 808 

2396.5( 4) 0.035( 6) 4276-1881 -1881 

2409.9(20) 0.018( 5) 3452-1042 1042 

2413.3( 2)· 0.34 ( 2) 4259-1845 1845 

2416.8( 1) 0.33 ( 2) 2417-0 



E (keV) 
y 

2422.9( 1) 

2425.6( 1) 

2429.6( 1) 

2451.9( 2) 

2453.0(20) 

2458.9( 1) 

2463.3( 8) 

2469.6( 1) 

2487.8( 3) 

2494.8 ( 1) 

2504.3( 1) 

2508.0(20) 

2509.2(20) 

2521.5 (20) 

2539.0(20) 

2544.9( 7) 

2554.8( 7) 

2562.7( 7) 

2573.9( 1) 

2585.7( 1) 

2589.2( 2) 

2591.3 (20) 

2597.3( 2) 

2603.2( 2) 

2606.1( 2) 

2609.6( 2) 

2622.1( 1) 
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Table II (continued) 

I a 
y 

0.074( 8) 

0.192 (13) 

0.091( 8) 

0.15 ( 3) 

0.019( 6) 

0.035( 5) 

0.042( 6) 

0.080(13) 

0.036( 7) 

1.33 ( 8) 

0.099( 7) 

0.023( 7) 

0.018( 7) 

0.04 ( 2) 

0.010( 5) 

0.054( 9) 

0.061(12) 

0.043( 7) 

0.102( 8) 

0.33 ( 2) 

0.048(13) 

0.006( 3) 

0.039( 4) 

0.052(11) 

0.127( 9) 

0.051( 8) 

0.052(11) 

Placement 
from-to 

(keV) 

4184-1761 

4184-1758 

3238-808 

4052-1600 

4503-2049 

3267-808 

2463-0 

4070-1600 

2487-0 

2495-0 

2504-0 

4391-1881 

4276-1766 

4282-1758 

4309-1766 

2545-0 

4436-1881 

2562-0 

4454-J.881 

2586-0 

3398-808 

4473-1881 

4646-2049 

3412-808 

2606-0 

4454-1845 

4503-1881 

Observed in 
Coincidence Gate(s) 

(keV) 

808,953 

1758 

808 

1600 

(330) ,1719 

808 

1600 

1881 

1436 

1758 

1436 

1881 

1881 

808 

1881 

(330,1719) 

80"8 

1845 

1881 

' 
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Table II (continued) 

Placement Observed in 

E. (keV) I a from-to Coincidence Gate(s) 
y y (keV) (keV) 

' 

2624.7( 2) 0.017( 6) 4391-1766 (330, 1436) 

2633.1(20) 0.033( 4) 3676-1042 1042 

2642.2( 1) 2.09 (12) 2642-0 

2662. 7 ( 2) 0.062( 9) 4424-1761 (808,953) 

2670.0(20) 0.039( 9) 4428-1758 1758 

2670.7( 2) 0.066( 6) 4432-1761 808,953 

2675.2( 3) 0.064(10) 4276-1600 . 1600 

26 77.9 ( 2) 0.085(10) 4436:...1758 1758 

2691. 0( 9) 0.021( 4) 4259-1567 1567 

2697.2( 9) 0.08 ( 2) 4454-1758 1758 

2700.9( 9) 0.021( 4) 2700-0 

2708.5( 1) 0. 064 ( 6) 4309-1600 1600 

2 714.4 ( 5) o. 079 ( 6) 4282-1567 1567 

2738.7 ( ,1) 0.068( 5) 4497-1758 1758 

2742.7( 1) 0.114 ( 7) 2743-0 

2754.1( 1) 0.043( 3) 3754-0 

2764.8( 1) 0.072( 5) 4646-1881 1881 

2779.9( 1) 0.041( 5) 1780-0 

2789.5( 2) 0.069( 8) 4547-1758 1758 

2797.4( 2) 0.037( 6) 4555-1758 1758 

2800.7( 2) o. 039 (10) 4566-1766 330,1436 

2804.9( 2) 0.062( 9) 4566-1761 808,953 

2809.9( 2) 0.034( 6) 4410-1600 . 1600 

2819.8( 2) 0.021( 2) 3628-808 . (808) 

2828.2( 1) 0.087( 6) 4428-1600 1600 

2831.0(20) 0.024( 8) 4710-1881 1881 

2836.0( .2) 0.20 ( 2) 4436-1600 1600 



E (keV) 
y 

2838.7( 

2842.9( 

2853.2( 

2860.9( 

2867.4( 

2884.1 ( 

2887.9( 

2896.9( 

2902.3( 

2907.2( 

2918.6( 

2947.1( 

1) 

2) 

2) 

2) 

2) 

2) 

6) 

2) 

2) 

7) 

2) 

3) 

2947.2(20) 

2955.4( 2) 

2971.9( 4) 

2980.1( 3) 

2988.1( 4) 

2992.9( 3) 

3001.5 ( 2) 

3009.7( 2) 

3034.0( 3) 

3039.5( 2) 

3053.0(20) 

3063.1( 2) 

3079.0( 2) 

3092.0 ( 2) 

3101.2( 2) 

-48-

Table II (continued) 

I a 
y 

0.34 ( 2) 

0.060( 5) 

0.048( 5) 

0.027( 4) 

0.084( 8) 

0.109( 9) . 

0.045( 4) 

0.083( 5) 

0.029( 3) 

0.035( 8) 

0.052( 4) 

0.098(10) 

0.064( 9) 

0.041( 9) 

0.021( 5) 

0.028( 7) 

0. 023 ( 3) 

o. 026 ( 6) 

0.055( 6) 

0.051( 5) 

0.028( 3) 

0.059( 9) 

0.18 ( 3) 

0.068( 5) 

0.041( 3) 

0.219(13) 

0.160(10) 

Placement 
from-to 

(keV) 

2839-0 

4410-1567 

4454-1600 

4428-1567 

3676-808 

4646-1761 

4646-1758 

3705-808 

4664-1761 

3950-1042 

2919-0 

4547-1600 

3989-1042 

4555-1600 

2972-0 

4547-1567 

2988-0 

4593-1600 

3001-0 

4052-1042 

4635-1600 

3848-808 

3383-330 

3062-0 

3409-330 

3092-0 

3101-0 

Observed in 
Coincidence Gate(s) 

(keV) 

1567 

1600 

1567 

808 

808,953 

1758 

808 

808,953 

1042 

1600 

1042 

1600 

(156 7) 

(1600) 

(1042) 

1600 

808 

330 

330 



E (keV) 
y 

3114.2( 

3141.3 ( 

3176.3( 

2) 

7) 

2) 

3177.4(20) 

3188.0(20) 

3198.3( 4) 

3217.2( 6) 

3220. 7 ( 3) 

3239.4( 7) 

3243.2(. 7) 

3253.6( 3) 

3261.1( 2) 

3266.0(20) 

3280.7( 2) 

3290.4( 4) 

3299.2( 4) 

3312.5( 2) 

3324.9(20) 

3343.5( 3) 

3348.4( 3) 

3376.9( 7) 

3389.1( 4) 

3394.5( 3) 

3408.3(20) 

3413.1( 3) 

3454.3( 3) 

3460.9( 3) 

' 
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Table II (continued) 

I a 
y 

0.051( 

0.031( 

4) 

3) 

0.054( 5) 

0.07 ( 2) 

0.08 ( 2) 

0.017( 3) 

0.014( 2) 

0.035( 2) 

0.027( 4) 

0.019( 3) 

0.027( 3)_ 

0.094( 6) 

0.12 ( 2) 

0.053( 5) 

0.015( 4) 

0.007( 3) 

0.051( 4) 

0.006( 2) 

0.048( 4) 

0.023( 3) 

0.023( 5) 

0.022( 4) 

0.018( 2) 

0.023( 3) 

0.059( 3) 

0.015( 5) 

0.069( 8) 

Placement 
from-to 

(keV) 

3444-330 

3950-808 

3176-0 

3507-330 

3520-330 

3199-0 

4259-1042 

3221-0 

3238-0 

4052-808 

3254-0 

3261-0 

3267-0 

3281-0 

3620-330 

3628-330 

3312-0 

4131-808 

3343-0 

4157-808 

4:J_84-808 

3389-0 

4436-1042 

3409-0 

4454-1042 

4497-1042 

4503-1042 

Observed in 
Coincidence Gate(s) 

(keV) 

330 

(808) 

(330) 

(330) 

(1042) 

(808) 

330 

330 

808 

808 

808 

1042 

1042 

1042 

1042 



E (keV) 
y 

3473.9( 

3505.3( 

3512.8( 

3520.9( 

3525.6( 

3547.4( 

3550.7( 

3556.5( 

3578.4( 

3582.9( 

3598.6( 

3601.5 ( 

3604.2( 

3619.8( 

3623.1( 

3626.2( 

3632. 7( 

3643.8( 

3645.8( 

3656.2( 

3664.1( 

3684.3( 

3687. 7( 

3694.3( 

3705.8( 

3738.7( 

3746.9( 

5) 

4) 

3) 

7) 

7) 

5) 

3) 

3) 

4) 

3) 

3) 

3) 

3) 

7) 

7) 

9) 

3) 

3) 

3) 

7) 

4) 

3) 

3) 

3) 

3) 

3) 

3) 
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Table II (continued) 

I a 
y 

0.179(10) 

0.031( 4) 

0.054(10) 

0.009( 1) 

0.010( 1) 

0.025( 4) 

0.057( 5) 

0.017( 4) 

0.013( 2) 

0.041( 3) 

0.026( 3) 

o. 051( 4) 

0.141( 9) 

0.030( 3) 

0.010( 4) 

0.025( 3) 

0.015( 2) 

0.064( 8) 

0.076( 6) 

0.004( 2) 

0.013( 2) 

0.117( 8) 

0.135( 9) 

0.046( 4) 

0.032( 2) 

0.024( 2) 

0.035( 8) 

Placement 
from-to 

(keV) 

4282-808 

4547-1042 

4555-1042 

3520-0 

3526-0 

3547-0 

4593-1042 

4365-808 

3578-0 

4391-808 

3599-0 

4410-808 

4646-1042 

3620-0 

4664-1042 

4436-808 

3963-330 

3644-0 

4454-808 

4464-808 

4473-808 

4014-330 

4497-808 

4503-808 

3705-0 

4537-808 

3747-0 

Observed in 
Coincidence Gate(s) 

(keV) 

808 

1042 

1042 

1042 

(808) 

808 

808 

1042 

808 

330 

808 

808 

808 

330 

808 

808 

(808) 

,., 

' 



E (keV) 
y 

3757.7( 

3769.0( 

3785.4( 

3801.3 ( 

3826.8( 

3848.0( 

4) 

4) 

6) 

3) 

4) 

4) 

3888.8('4) 

3891.7 ( 4) 

3901. 7( 4) 

3920.8 ( 5) 

3928.8( 4) 

39,31.8( 6) 

3940.2( 7) 

3950.7( 7) 

3953.3(20) 

3962.9( 5) 

3977.9( 5) 

4012.3( 9) 

4021.5 ( 4) 

4023.8( 9) 

4043.8( 4) 

4051.2 ( 9) 

4068.9 ( 6) 

4081.2 ( 4) 

4107.0( 5) 

4155.0(15) 

4184.6( 4) 

4188.2( 4) 

-'51-

Table II (continued) 

I a 
y 

0.009( 

0.016( 

0.014( 

0.077( 

0.009( 

1) 

5) 

2) 

7) 

2) 

0.010( 1) 

0.022( 3) 

o. 019( 3) 

0.028( 3) 

0.009( 2) 

0.049( 3) 

0.007( 2) 

0.007( 2) 

0.009( 2) 

o. 015 ( 3) 

0.021( 4) 

0.041( 5) 

0.007( 1) 

0.033( 3) 

0.023( 3) 

0.024( 4) 

o. 013 ( 2) 

o. 015 ( 2) 

0.027( 3) 

0.008( 1) 

0.006( 1) 

0.022( 2) 

0.025( 3) 

Placement 
from-to 

(keV) 

4566-808 

3769:-0 

4593-808 

4131-330 

4635-808 

3848-0 

3889-0 

4700-808 

4710-808 

3921-0 

4259-330 

3932-0 

3940-0 

3950-0 

4282:...330 

3963-0 

4309-330 

4014-0 

4022-0 

4024-0 

4044-0 

4052-0 

4070-0 

4410-330 

4436-330 

4157-0 

4184-0 

4518-330 

Observed in 
Coincidence Gate(s) 

(keV) 

808 

808 

330 

(808) 

808 

808 

330 

330 . 

330 

(330) 

(330) 

330 
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Table II (continued) 

. Placement Observed in 

E (keV) a from-to Coincidence Gate(s) 
I 

y y (keV) (keV) 

4217.2( 4) 0.013( 2) . 4537-330 330 

4258.4( 9) 0.037( 4) 4259-0 

4275.9( 9) 0.082( 9) 4276-0 

4281. 7 ( 9) 0.070( 7) 4282-0 

4307.3( 4) 0.078( 5) 4309-0 

4316.3( 4) 0.041( 3) 4646-330 330 

4364.5( 5) 0.031( 2) 4365-0 

4370.7( 6) 0.006( 1) 4700-330 (330) 

4379.9( 7) 0.012( 2) 4710-330 330 

4390.7( 5) 0.022( 2) 4391-0 

4409.8( 5) 0.033( 2) 4410-0 

4427.8( 5) 0.013( 1) 4428-0 

4453.8( 7) 0.027( 4) 4454-0 

4463.1( 6) 0.002( 1) 4464-0 

4473.3( 5) 0.007( 1) 4473-0 

4502.6( 6) 0.032( 5) 4503-0 

4517.5( 5) 0.008( 1) 4518-0 

4536.8( 5) 0.0~9( 2) 4537-0 

4547.1( 5) 0.015( 1) 4547-0 

4554.5( 6) 0.017( 1) 4555-0 

4566.6( 5) 0.019( 2) 4566-0 

4577.8( 9) 0.004( 1) 4578-0 

4593.4( 6) 0.004( 1) 4593-0 

4634.9( 9) 0.005( 1) . 4635-0 

4645.7( 5) 0.046( 3) 4646-0 

4656.2( 9) 0.008( 1) 4·656-0 

4663.8( 9) 0.005( 1) 4664-0 

4685.3( 6) 0.008( 1) 4685-0 

4699.6( 9) 0.002( 1) 4700-0 

aintensity per 100 y rays. 
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Table III 

145Gd Q Measurements 
€ 

Gross B Endpoints 
EB+ (keV) 

1. Grover (1959) 2400±200 

2. Olkowsky et al. (1959) 2500±150 

3. Ar1t et al. (1970) 2500±200 

Adopted (NDS12-2) 2470±100 

B. y-Ray Singles Endpoint 

1. Hornsh~j et al. 
2. This work 

C. B-y Coincidence 

This work 

Endpoint 

4950±70 

4858±30 

5070±60 keV (2cr) 

Q€ (keV) 

5300±200 

5311±120 

5000±70 

? 
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Table IV 

14 5Gd S Endpoint by S-y Coincidences 

E (keV) Stretch 
ES+ (keV) QE (keV) Decay y Factor 

53Fe-+ 53Mn 378 1. 017 5 ( 60) 2343.2±0.2 

60cu-+ 60Ni 3124 0.8534(186) 1982. 7±1. 8 

60cu-+ 60Ni 3194 0.7940(100) 1912. 7±1. 8 

145cd-+145Eu 1758 1.0000 2305 ±18 5085±18 

145Gd+l45Eu 1881 0.9467( 44) 2195. ±32 5098±32 

145cd Q Uncorrected 5088±16 
"E 

Theoretical Fermi Correction - 22±13 

Corrected value 5066±29 keV 

Adopted value 5070±60 keV (2cr) 



-5~- i 

Table V 

Summary of 145Gd Half-Life Heasurements 

Reference t
112 

(min) 

1. Keller et al. (1968) 22.9(1) 

2. Arlt et al. (1970) 23 (1) 

3. Eppley et al. (1971) 21.8(6) 

4. Hornsh6j et al. (1978) 23.9(1) 

5. This work 23.0(4) 



Level in 
145Eu 
(keV) 

808.3 

1041.7 

1567.1 

1600.3 

1758.0 

1761.3 

1845.3 

1880.6 

2048.8 

2114.3 

2494.9 

2642.2 

-56....; 

Table VI 

Absolute e/S+-Decay Branching Ratios for 145cd Decay 

t-IS+ Ratio 

Experiment Calculateda 

b. 

0.91(14) 

<143 

b 

1. 93 (20) 

2.9 (13) 

<191 

2.14(20) 

3.8 (19) 

1.3 ( 6) 

5.2 (14) 

8.0 (18) 

0.56( 3) 

0.71( 4) 

1. 26 ( 9) 

1. 31 (10) 

1. 62 (13) 

1.62(14) 

1.82(15) 

1.92(15) 

2.47(25) 

2. 75(27) 

5.4 ( 7) 

7.6 (12) 

Skew Ratio 
(exp/theory) 

b 

1.3( 3) 

<113 

b 

1. 2 ( 2) 

1.8(10) 

<105 

1.1 ( 2) 

1. 5 ( 9) 

5 ( 3) 

1.0( 4) 

1.1( 4) 

Total %(3 Feedings 

Coincidencec Singles 

2.0(10) 

7.3( 5) 

o. 8 ( 3) 

0.4( 3) 

35.2 (22) 

1. 2( 4) 

0.2( 2) 

32.6(18) 

0.9( 3) 

0. 7 ( 2) 

1. 3( 2) 

2.3( 4) 

<1.1 

8.1 ( 6) 

o. 67( 7) 

0.05(15) 

34.3 (20) 

L 25 (10) 

<0.11 . 

34.8 (20) 

0.89(8) 

0.33( 4) 

1.43( 8) 

2.24(12) 

aN.B. Gave and M.J. Martin, Nucl. Data Tables 10, 205(1971). Calculated for 
Q = 5.07(6) MeV. 
't:. 

bindeterminate from the data. No significant direct B feeding remains 
after correction for feeding from the higher-lying states. 

cinferred from the coincidence intensity balances and normalized to the 
total decay intensity from y-ray singles. 
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Table VII 

Levels Observed in 145Gd Decay 

Level Energy 
b JTr (kev)a Feeding logft 

0.0 5/2+ 

329.92( 7) 7/2+ 

808.33( 5) <1.1 1/2+ >7.7 

1041. 71 ( 6) 8.1 ( 6) 3/2+ 6.74( 5) 

1459.7 ( 1) <0.1 8.5 

1567.12( 7) 0.067( 7) 8.56( 3) 

1600.26( 6) (7 /2+) 

1758.03( 6) 34.3 (20) 3/2+ 5. 76( 4) 

1761.32( 8) 1.25 (10) 3/2+ 7.20( 5) 

1765.8 ( 1) <0.02 >9.0 

1845.32( 9) <0.11 (3/2+) >8.2 

1880.62( 5)- 34.8 (20) 5.70( 4) 

1915.5 ( 2) 0.17 ( 2) 7.99( 6) 

2027.8 ( 1) 0.164(12) 7.95( 5) 

2042.9 ( 1) 0.090(13) 8.20( 7) 

2048.8 ( 1) 0.89 ( 8) 3/2+ 7.21( 5) 

2054.1 ( 1) 0.056(14) 8.4 ( 1) 

2079.1 ( 1) 0.05 ( 3) 8.4 ( 3) 

2114.3 ( 1) 0.33 ( 4) 3/2+ 7.60( 6) 

2149.6 ( 1) 0.130( 9) 7.99( 5) 

2188.4 ( 1) 0.04 ( 3) 8.5 ( 4) 

2203.4 ( 1) 0.49 ( 4) 3/2+ 7.39( 5) 

2318.68( 8) 0.108(15) (3/2+) 7.99( 7) 

2321. 72 ( 7) 0.42 ( 3) (3/2+) 7.40( 5) 

2327.3 ( 6) <0.032 >8.5 

2349.0 ( 1) 0.050( 6) 8.31( 6) 



Level Energy 
(kev)a 

2402.25( 9) 

2416.8 ( 1) 

2422.3 ( 1) 

2463.5 ( 1) 

2487.2 ( 2) 

2494.88( 8) 

2504.41( 9) 

2525.2 ( 2) 

2544.9 (7) 

2562.5 ( 2) 

2585.7 ( 1) 

2606.1 ( 2) 

2642.2 ( 1) 

2699.7 ( 1) 

2742.7 ( 1) 

2754.1 ( 1) 

2779.9 ( 1) 

2819.1 ( 1) 

2838.7 ( 1) 

2859.2 ( 1) 

2918.9 ( 1) 

2971.8 ( 1) 

2988.1 ( 4) 

3001.5 ( 2) 

3062.14( 8) 

3092.0 ( 2) 

3101.1 ( 2) 

3176.3 ( 2) 
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- Table VII (continued) 

F d
. b ee lng 

0.338(21) 

0.230(15) 

0.120(12) 

1.43 ( 8) 

0.142(10) 

0.054( 9) 

0.129(14) 

0.362(21) 

0.127( 9) 

2.24 (12) 

0.93 ( 4) 

0.162(12) 

0.043( 3) 

0.125( 9) 

0.010( 4) 

0.379(21) 

0.010( 3) 

0.115(17) 

0.186(15) 

0.023( 3) 

0.089(10) 

0.60 ( 3) 

0.219(13) 

0. 21 ( 4) 

0.079( 8) 

3/2+ 

3/2+ 

(3/2+) 

(3/2+) 

(3/ 2+) 

(3/2+) 

1ogft 

7.45( 4) 

7.61( 5) 

7. 86 ( 61~ 

6. 78( 4) 

7.78( 5) 

8.18( 8) 

7.79(6) 

7. 34 ( 4) 

7.78( 5) 

6.52( 4) 

6.87( 4) 

7.61( 5) 

8.18( 5) 

7,70( 5) 

8.8 ( 2) 

7.19( 4) 

8. 8 ( 1) 

7.67( 8) 

7.44( 5) 

8. 34 ( 7) 

7.74( 6) 

6.88( 4) 

7.31( 4) 

7.32( 9) 

7. 71 ( 6) 
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Table VII (continued) 

Level Energy 
b JTT (kev)a Feeding logft 

3199.1 ( 2) 0.088(14) (3/2+) 7.65( 8) 

3220.6 ( 1) 0.13 ( 6) (3/2+) 7.5 ( 2) 

3228.7 (10) 0.025( 5) 8.2 ( 1) 

3238.0 ( 1) 0.118( 9) 7.50( 5) 

'3253. 6 ( 3) 0.027( 3) 8.13( 6) 

3261.1 ( 2) 0.094( 6) 7.59( 5) 

3267.2 ( 1) 0.155(21) 7.37( 7) 

3280.9 ( 2) 0.069( 9) 7.71( 7) 

3312.5 ( 2) 0.051( 4) 7.82( 5) 

3343.5 ( 3) 0. 048 ( 4) 7.83( 5) 

3383.0 (10) 0.18 ( 3) 3/2+ 7.24( 8) 

3389.1 ( 4) 0.022( 4) 8.15( 9) 

3397.6 ( 2) 0. 048 (13) 7.8 ( 1) 

,3408.9 ( 2) 0. 064 ( 5) 3/2+ 7.67( 5) 

3411.6 ( 2) 0.052(11) 7. 8 ( 1) 

3444.2 ( 2) 0.051( 4) 3/2+ 7.75( 5) 

3451.6 (10) 0.018( 5) 8.2 ( 1) 

3507.4 (10) 0.07 ( 2) 3/2+ 7. 6 ( 1) 

3520.0 ( 6) 0.089(20) (3/2+) 7. 5 ( 1) 

3525.6 ( 7) 0.010( 1) 8.41( 6) 

3547.1 ( 5) 0.054( 9) 7.67( 9) 

3561.9 (10) 0.007( 3) 8.6 ( 2) 

3578.4 ( 4) 0.013( 2) 8.27( 8) 

3598.6 ( 3) 0.026( 3) 7.95( 7) 

3620.2 ( 4) 0.045( 5) 3/2+ 7.70( 7) 

3628.3 ( 2) 0.045( 7) 3/2+ 7.70( 8) 

3643.8 ( 3) 0. 064 ( 8) 7.53( 7) 

3675.7 ( 2) 0.117( 9) 7.25( 6) 



Level Energy 
(kev)a 

3705.4 ( 2) 

3738.9 (10) 

3747.2 ( 3) 

3768,9 ( 4) 

3847.9 ( 2) 

3879.8 (10) 

3888.9 ( 4) 

3920.7 ( 4) 

3931. 7 ( 6) 

3939.3 ( 6) 

3944.6 (10) 

3949.8 ( 4) 

3962.9 ( 5) 

3988.9 (10) 

4003.9 (10) 

4014.1 ( 3) 

4021.6 ( 4) 

4023.9 ( 9) 

4044.5 ( 3) 

4047.9 (10) 

4051. 7 ( 1) 

4069.9 ( 1) 

4131.4 ( 3) 

4156.7 ( 3) 

4183.98( 9) 

4258.6 ( 2) 

4275.9 ( 1) 

4281.8 ( 3) 
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Table VII (continued) 

b Feeding 

0.139(10) 

0.10 ( 2) 

0.105 (17) 

0.114(14) 

0.145(17) 

o. 008( 4) 

o. 036 ( 7) 

0.097(22) 

0.014( 3) 

0.087(20) 

0.09 ( 2) 

o. oi5 c 9) 

0.063( 9) 

0. 064 ( 9) 

0.022( 7) 

0.124( 8) 

0.033( 3) 

0.023( 3) 

0.050( 5) 

0.057( 5) 

0.33 ( 5) 

0.095(14) 

0.083( 8) 

0.029( 4) 

0.326(17) 

0.498(22) 

0.358(22) 

0.56 ( 4) 

(3/2+) 

3/2+ 

3/2+ 

(3/ 2+) 

(3/ 2+) 

3/2+ 

3/2+ 

(3/2+) 

3/2+ 

logft 

7.16( 6) 

7.3 ( 1) 

7.25( 9) 

7.20( 7) 

7.04( 7) 

8.3 ( 2) 

7.6 ( 1) 

7.2 ( 1) 

8.0 ( 1) 

7.2 ( 1) 

7.2 ( 1) 

. 7. 25 ( 8) 

7.31( 8) 

7.28( 8) 

7. 7 ( 2) 

6.98( 6) 

7.54( 7) 

7.70( 8) 

7.34( 7) 

7.28( 7) 

6.52( 9) 

7.04( 9) 

7.04( 8) 

7.48( 9) 

6.40( 7) 

6.13( 8) 

6.26( 8) 

6.05( 8) 



. 
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Table VII (continued) 

Level Energy 
b J'ff (kev)a Feeding 

4308.6 ( 1) 0. 236 (15) 3/2+ 

4364.8 ( 3) 0.048( 5) 

4390.7 ( 2) 0.161(17) 

4410.1 ( 1) 0.276(15) 3/2+ 

4424.0 ( 3) 0.062( 9) 

4428.3 ( 1) 0.166(11) (3/2+) 

4432.0 ( 3) 0.066( 6) 

4436.1 ( 1) 0 • .452 (19) 3/2+ 

4454.44( 9) 0.443(~5) (3/2+) 

4463.8 ( 5) 0.006( 2) 

4472.8 ( 3) 0.026( 4) 

4496.6 ( 1) 0.218(12) 

4502.77 ( 8) 0.528(23) 

4517.9 ( 4) 0.033( 4) 3/2+ 

4536.9 ( 5) 0.019( 2) 

4547.2 ( 1) 0. 377 (18) 3/2+ 

4555.4 ( 1) 0.149(15) (3/2+) 

4566;4 ( 1) 0.129(14) 

45 77.9 ( 9) 0.004( 1) 

4~93.0 ( 2) 0.101( 9) (3/2+) 

4634.6 ( 2) 0.042( 4) (3/2+) 

4645.63( 9) 0.493(16) 3/2+ 

4656.3' ( '9) 0.008 ( 1) 

4663.8 ( 2) 0.044( 5) 

4685.4 ( 6) 0.008( 1) 

4700.3 ( 3) 0.059(11) 3/2+ 

4709.9 ( 4) 0.139(14) 3/2+ 

aLevel Energies fit by,computer code GTOL,Ref. 27. 

bFeedings given in percent per decay of 1 45Gd. 

logft 

6.40( 8) 

7.0 ( 1) 

6.5 ( 1) 

6.2 ( 1) 

6.8 ( 2) 

6.4 ( 1) 

6.8 ( 2) 

5.9 ( 1) 

5.9 ( 1) . 

7.8 ( 2) 

7.1 ( 1) 

6.2 ( 1) 

5.8 ( 1) 

7.0 ( 1) 

7.2 ( 1) 

5.9 ( 1) 

6.2 ( 1) 

6.3 ( 1) 

7.8 ( 2) 

6.3 ( 1) 

6.6 ( 2) 

5.5 ( l) 

7.3 ( 2) 

6.5 ( 2) 

7.2 ( 2) 

6.3 ( 2) 

5.9 ( 2) 
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FIGURE CAPTIONS 

Fig. 1 Ratio of y-ray peak intensity to total escape-peak intensity 

plotted as a function of y-ray energy using transitions from 

56co and 66Ga decays. The intensity ratio of single-to-double-

escape peaks was observed to remain constant at a value of 

1.20 throughout the energy range covered here. 

Fig. 2 Summed y-ray singles of spectrum taken with 8% and 16% Ge(Li) 

detectors. Because of the complexity of the spectrum, only a 

few representative transitions are labeled. Below 2.7 MeV 
I 

the data are piotted logarithmically and above that energy, 

linearly. 

Fig. 3 Background subtracted, summed integral coincidence spectrum 

taken with 8% and 16% Ge(Li) detectors at ~135°. 

Fig. 4 Background subtracted, summed coincidence spectrum gated on the 

339-keV Y-ray transition. 

Fig. 5 Background subtracted, summed coincidence spectrum gated on the 

808-keV Y-ray transition. 

Fig. 6 Background subtracted, summed coincidence spectrum gated on the 

1042-keV Y-ray transition. 
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Fig. 7 Square root of the total number of events in the y-ray singles 

spectrum as a func·tion of energy deposited in the detector. 

The errors below 4.8 MeV are contained within the points. Data 

significantly outside the line represent true nuclear structure 

in the spectrum. Theerror in the endpoint represents only the 

internal st~tistical fluctuations of the fit. We note that this 

endpoint is 0.2 MeV lower than was obtained in the S-y coinci-

dence experiment. This is consistent with the domination of the 

technique by Compton scattered events. Needless to say, this 

result should not be considered as a measurement but, instead, 

as a demonstration 'of an inherently flalved technique. 

Fig. 8 Background subtracted S + spectrum, recorded ,.;rith a Pilot B 

,Plastic scintillator, ~in coincidence with 1758-keV y rays. 

This spectrum was used.as the standard shape (fitted curve) 

for calibration of the data. The sharp peak at low energies 

represents the 511-keV Compton edge. 

Fig. 9 Background subtracted s+ spectrum in coincidence with the 1881-

keV y rays. The curve"through the points represents the stretched 

fit of the 1758-keV standard spectrum to this data. 

Fig. 10 + Background subtracted S spectrum in coincidence \vith 2343-keV 

Y rays from the 53Fe standard source. The turve through the 

points represents the ~ttetched fit of the 1758-keV standard 

spectrum to this data. 



Fig. 11 

Fig. 12 

Fig. 13 

Fig. 14 
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Plot of half-life data for 145Gd summed over the 1758- and 1881-

keV transition intensities. The half-life and error result from 

a least-squares-fit to the data. 

Background subtracted coincidence spectra utilized to obtain 

relative s+-feedings (y±-y) and relative £-feedings (x-y). 

TAC spectra coincident with the more intense y rays from 145Gd 

decay. The integral TAC is <15 nsec fwhm. The abscissa scale 

is roughly 1 nsec per channel. 

Background subtracted coincidence spectra, taken with a 7.6x7.6 em 

Nai(T~) detector, of x-rays and annihilation radigtion in coin-

cidence with the 808- and 1758-keV y rays. The measured effi-

ciency ratio £(45)/£(511)=2.00±0.14, was utiliz~d with this 

data to generate the absolute normalization of the relative £

and S+-feeding shown in fig. 12. Note that after correction 

..1.. 

for y-ray feeding from above, no significant s'-feeding to the 

808-keV level remains. 

Fig. 15 'Level scheme for the decay of 23.0-min 145Gd. Transitions were 

placed on the basis of coincidence assignments (dotted if uncer-

tain) as described in Table VII .. They-ray intensities are 

given in percent per decay and logft values are calculated assum-

ing Q =5.07±0.06 MeV. Spin assignments are based on the (T,d) 
£ 

reaction of Ref. 3, and all levels populated with logft~8.5 

. . + + wh1ch deexc1te through the 7/2 330-keV or (7/2 ) 1600-keV states 

. + + 
are assigned 3/2 and (3/2 ), respectively. 



Fig. 16 

Fig. 17 

Fig. 18 

~' 

Fig. 19 
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The (3-strength function S(S) (per 200 keV) plotted as a func

tion of excitation energy in 145Eu. Here we define S(B)=b(E)/ft 

·where b (E) is the intensit.y fraction per 200-keV interval of 

excitation and ft is the standardS decay rate to that energy 

domain of the daughter. Broad resonances at 1. 8-, 2. 6-, and 4. 5-

MeV are observed, and the effective logft's to these resonances 

are shown. 

Stylized drawing of the available shell-model space, including 

virtual proton pairs, for 145Gd S decay. The effective blocking 

by the filled neutron orbitals leaves possible only proton decay 

transitions to the \JS l/2 level. Only virtual proton pairs from 

the ns
112 

or nd312 (~-forbidden) can deexcite, in this descrip

tion, by allowed decay. 

Simplified decay scheme for 14 5Gd (a) is compared 'vith the 

decay of the 144Eu core. Note the close agreement between the 

energy separation and decay intensity pattern of the 2+ 14 4sm 

core levels and the (nd
512

x2+) levels in 145Eu. Although the 

logft's do not compare so well, additional unobserved decay to 

high energy states in 144sm can improve that comparison sub

stantially. 

Comparison of the shell+weak-coupling model predicted levels 

and the experimentally observed levels with logft<?. The 

single-particle shell-model states at the left are assumed 

from (p,t) to be identical to the five lowest-lying experimental 
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d . ...... + 144 levels, the (~ 512*~ ) energies are taken from the Sm core, 

and the energies of the three-quasiparticle states, coupled to 

the vf
1

;
2 

and vh
912 

orbitals, were calculated assuming 

E , -s I =5.5 MeV and VI I =-1.25 MeV. The calculation of 
9!2 11 2 9 z·-11 2 

the ~f712-vh 912 energy separation (1.4 MeV) agrees 

closely 1vi th that observed in 
14 7 

Gd so the relative 

energy of the vi j? coupled state was taken from 
13 - . 

experiment. 
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