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ABSTRACT

An activity of 158Eu was produced by an (n,p) reaction upon an

anriched gadulinum target by means of 14 MeV neutrons obtained
from a SAMES generator. The gamma radiation eccompanying the
beta decay of 158Eu into 15

(L1) spectrometer. A 24-lsvsl decay scheme was devised and

BGd vas detected by means of a Ga

the transition probabilitiee were analyzed in terms of adia-
hatic theory and also including band mixing effects. The values
of beta radiation intensities obtained from the experiment wuwere
compared with theoretical predictions calculated on the basis

of the Nilsson model.

Keywords: radipactivity, gamma-spectroscopy.

ZUSAMMENFASSUNG

Ein angereichertes Gadolinium Target wurde mit 14 MeV Neutronen
eines SAMES Nsutronengenerators bestrahlt und durch eine (n,p)-

Reaktion Europium 158 erzeugt. Die heim Beta-Zerfall van 158Eu

1SBGd entstehende E =Strahlung wurde mit einam Ge(lLi)-Catek-
tor gemessen., £in aus 24 Niveaus bestehendss Zerfallsschema
wurde aufgebaut, Die {barpgangswahrscheinlichkeiten unter Ein-
fluBd der adiabatischen Theorie und von Band-Mischungseffekten
wurden untersucht. Dis experimentellen Werte wurden mit thoo-

retischen nach dem Milsson Modell berechneten Werten verglichen.

Stichworte: Radioaktivitit, Gamma Spektroscopise



1. Introduction

15 158

8Eu to
formed nuclei., This group of nuclel has the following possible

The product of Gd dabay belongs to doubly even de-
modes of excitation: ;5 « and ,f’“ quadrupole vihrations, octu-
pole vibrations, two-particle aexcitations and rotational bands
built on them. The ground state rotational 3 - and 5fL vibra-
tional lavels couple with one another, which complicates theo-
retical description. It was felt that an inveatigation of enargy
levels and tranaition probabilities of these nuclei would pro-
vide valuable information about tha correlation of nucleonic

motions.

The decay of 1SaEu had bean previosuly investigated by Daniels

and Hoffman (Ref. 1) as well as Schima and Katoh (Ref.2), who

65tabllished its basic features. The excited levels of 1585d,

fed by tha decay cof 158Tb, had beaen studied by Paperiello et al.
(Ref. 3) and Groshev et al, {Ref. 4), who measured the conver-
sion eloctrons' spsctrum resulting from the {n, ¥) reaction
upon 1S?Bd. Collective vibrational states in sven Gd isotopes
had been investigated on the basis of the inelastic scattering
of deuteronas by Bloch et al. (Ref. 5). Bollinger and Thomas
(Ref. &) showed the possibilities of determining paritiss and
spins of npuclei by means of the averagse resonance method of
nautror capture gamms ray spectropscopy using a 1585d gadolinum
isotope as an example. Beta und gamma vibrational levels had
been praeviously discussed by Kluk et al, (Ref, 7). The low~
lying collective states af 158Gd had been studiesd by Baader
(Ref. 8) by means of the (n,)?) reaction; his resuylts, hou-
avar, ware inconclusive, aspecially as regards statss above

1.5 MaV.

This paper presents experimental data cancerning the 1SBGd

structure as a function of 1SBEU decay.



2. E«perimental Procedurs

The sources ware prepared by means of an {n,p) reaction upon a
300 mg Gd,0, target with mass 158, enriched to 92 #%. Tha 14 MeV
neutrons were produced by a SAMES gensrator. The samples uwsre
wrapped in gold folls and packed bstween cadmium sheete in arder
to reduce thermal neutrons. The gold and cadmium foils were re=-
moved prior to commencing the measurements. The irradiation time

was varied from 60 to 90 minutes.

15 15

“6d and 55m, produced by (n,Jfﬂ and {n,g ) reactions respec-
tively were the main impurities, but their admixtures werse not
meaningful except for the lgw energy region of the gamma spsec~
trum where they were easily distinguishable on the basis of

their half-lives.

The 158Eu spectra wers measured hy mezns af a 30 ems Ge{Li) de~

tector connected to a Tennslec [C £03 amplifier. Pulses genera-
ted by an ADC (Geoscience, model B8050) were fed to a PDP-B com-
putear, which was used as a multichannel analyser and performed

a preliminary data apalysis.

The detector was shislded from the source by a 1 em plexiglas
and a 4 mm of aluminum sheet. A S5-cm thick lead shielding was
used to reduce room background radiation. Different source
distances were used in order to account for the summing of

15

the pulses in the crystal. The decay of 8Eu was observed

for 5%&7 half lives. The efficiency response of the germanium

detector was found by mesans of =7 Co, 13383, 226Ra, 152Eu

sources. Sources 137Es, 6DCo, 13383, 226Ra ware used for the
energy calibration of the crystal. The energy and efficiency
curves were constructed by fitting the appropriate polynomial

to the experimeptal points with the aid of a computer program.
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J, Results /

e r———————

The gamma spectrum of 158Eu dacay 1s presented In Figure 1. The

results wers evaluated by means of a procedure based on Fourier
transforms described in Ref. 9, and by a least~squares fit. In
the transformed domain, the experimental gamma spectrum was
smoothed by means of filtering. Peortions of the spectrum before
and after smoothing are presented in Figure 2. In the case of
closely spaced doublets, a method of dividing the power spectrum
minima by the instrument distorticn function in the Fourier-
transformed domain was used (Ref. 9). This method permits the
resolution of ths distance and amplitude ratio of two peaks
differing by as little as 243 channels, sven if the peak width
is 10 or mere channela. Figure 3 illustrates the application

of this method in the case of multiple doublets in the 158Eu
gamma spectrum. The energies and the intensities of gamma rays
amitted by 158 Eu are presanted in Table I.

The decay scheme, shaown in Figure 4, was arrived at with the
aid of a computer program, The results published in referen-
ces 7 and B were particulary helpful in establishing low-

lying levels,

The log ft values are presented in Table II. They are bassed

on the gamma ray intensities given in Table I.

In line with Ref. 2, which attributes 5 % feeding to the
ground and first excited states, we assumed 5 % feeding
for the ground state. The electran conversion coefficients

_were taken from tables by Hager and Seltzer (Ref. 10).



4., Oiscussion

4.1. Lavel Spins, Parities and #-Transition Probabilities

15BGd had already been

identified by Schima and katoh (Ref. 2), Tha K 2 17 octu-
pole band with spins 1~ (977.2 ke¥), 2~ {1023.8 keV) and

3° (1041.3 kaV), the K = 2+ gamma vibrational band (1187.1 keV
and 1265.5 keV) and the K = 07 pair-vibrational band

{1195.6 keV and 1260.4 keV) had been discusssd previously

by Kluk st al, (Ref. 8) and Baader (Ref., 8). The high-spin

members of those bands, not populated in the decay of 155Eu,

The ground stata rotational band of

had also baen idontified in the latter reference. Tha collec-
tive character of the 1%17.4 eV lovel hao been indicated by
the (d,d') reactiop cruss-section measured by 8loch st asl,
(Ref. 5). In gamma trans:tions from this level to the ground
state band, the considerable LL admixture (Ref, 4) is charac-

teristic of beta-vibration band members.

Table III presents the octupole stataes of 1588d, along with

the retios of reduced transition probabilities 8{(L) from

these states.

Under the adiabatic assumption that the collactive motion is
separable from the intrinsic motion of nucleons, Alaga st al,
{Ref. 11} predicted the ratios of reduced transition proba-
bilities {i.e., branch:png ratios) from a level of one rota-
tional band to the levels of asnother band, according to the

following formula:

2L+1
Int, . E, B(L), Q1 L Ky (Ko = Ky) l Ie, Kf}| 2

2L+1 =
1 B(L)2 411 L (%

Int, . E

whare: Int1 o E? , are the intensities and energies of the
' ?

first and second transition respectivsely;
'y, is ' “lebsh-Gordan coefficiant;

B(L) renresents reduced transition probabilities
of multipolarity L;
x/

K reprasents the projection of spin of the nuclaus on its
symmetry axis.



Ky KF are the projections of the spins I I

170
on the symmetry axls of nucleus For the

. initial and final states respectively,

In tha case of 1SBGd, the adiabatic assumption does not hold.

As canh be sesen in Table III, the egreement with the Alega rule
is rather poor. The factor K ceasse to bs & good quantum, number
.baceuse aof the coupling of collective and intrinsic motion in
deformed nuclei. In order to account for this sffect, Michailov
(Ref. 12) considered the wave function of the rotational state
as a super-position of states having different K factors.

Michailov gave the following exprassion fFor the ratio of re-~

'
1!

‘ducad transition probabilities:

-
L 3

1
g (L), CI; b Ky (KoK, ) | IF1KF;] {1+ [
8 (L)z = (I, b K (KF-Ki) l If Koy {1+ [

2
F1(Ir1+1)'111(111+1'] ;}2
f2(1F2+1)-112(Ii2+1)] “}

where a is a parameter, and the other symbols are the same as in

Ll ]

axpressian (1). L

Paraﬁster a, defined as the spin-indepandent amplitudeloF a&mixad
transition mqykdstﬂrminad experimentally. In the case af more than
twb:transitiuns from the same lewvel, ona can check the value qf
parameter a on the basis of the self-consistence of results ab—
tained from the two branching ratios, For a = 1, axpression (2)
changes into expression {1). As can be seen from Table 111,
Michailov's rule yielrs a better agreement with expsrimental
rasults than Alaga's axpression. More accurate results may be
obtained by using a more detailed mode. Neergard and Vagel

(Ref. 13) and Kocbach and Vogel (Ref. 14) calculeted the branching
ratios for £3 and E£1 transitions deexciting the octupole statas

in even-sven deformed nuclei using the guasi-particle randam

phase approximation with pairing and the octupole-octupole Fdrce
as'a residual interaction. The Corielis coupling between occtupole
states with different K factors was also taken into account. Cal-
culated in this-Lay, the theoretical branching ratios are quits
close to the experimen: .ues {refer to Table IT1). The advan-

tage of Michailov's foprmula (Ref. 12) is, that it accounts for



the affect of band mixing without having to specify the inter-
acting bands; thus it is not necessary to know the character
of the states in guestion. This formula is thersfore very usge=
ful in the analysis of higher-lying states of 158Gd. For the
loavels of 158Gd above 1.5 MeV there is less information avall-
sble. Neverthsless, certain conclusions concerning the guantum
characteristics of these states can be drawn from the log ft

values and gamma-transition rates, by means of Michailov's formula.

The 1753.1 keV level corresponds Lo the 1BD0 keVY lavel mea-
sured by Schima and Katoh (Ref. 2) by means of scintillation
techniques, and to the 17395 keV lsvel found by Groshsev et al.
(Ref. 4). Baader {(Ref. B} had assigned spin 27 to the 1793.1 keV
lavel., This value is in contradiction with the positive parity
attributed to this level by Ballinger and Thomas (Ref. &). Our
results alco indicate the positivo parity of this state. The

Log £t balng 20l Lo 707 indicatzs ellonn nr first forbidden
beta transition {AI = 0,1}, and eventually a unigque transition
(A1 = 2, change of parity) from the 1~ ground state of YSBEy to
the discussed level; thus the possible spin assignments for

this level are Dt, 1t, 3t

been eliminated by the 1529.4 key transition to the 4" lsvel.

« 5pin values Ui, 1 and 2~ have

Spin 37 has been climinated by the decay to 1~ stats. This

leaves only spin 2% for the 1793.1 keV stata,

Table IY compares the experimental and theoretical branching
ratios for some highar=lying levele of 1588d. For the discussed
level, K = 2 vields tha best agroerent with that predicted by
Michailov'!s ruls. Thus this value of K is suggested for the

1733.1 Kkey lovel.

Tha follouing transitions provec the cxistencs of the 1048.1 keV
level: B24.3 keY and 371.0 keV to the 1 octupolo band, and
1765.7 leY Lo tho 27 label of the graund state band. The value
of log ft for this level is equal to 7.5 which makes possible
spin assignments 0%, X, 2%, 3%, The lost value is eliminated
by the transition to the ~ statse. Values 0' and O~ are nat
probable bscause of thu existence of the y -transitions to 2~

and 2% levels respectively.
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The experimentsl branching ratio for transitions to the members
B/ 1 —>1 /
B / 1— 27 7

This value 1s close to that predicted by the Alaga rule for

of 1~ octupole band is

= 0.85 £ 0.1s.

Ii = 1. Brenching ratics for some E 1 transitions according

to Alaga (Ref. 11) are as follouws:

e g M - 2 11 1t o oy e B A | s e iy L e ot S AL B ey o Tt i i s S Py Ak Wt B St

fe can be esen, 1~ is the most probable value of spin for ths
1848.1 kel level, The 1894.5 keV level, corresponding to the
1898 keV level reported by Groshev et al. {Ref. 4) was also
observed by Bollinger and Thomas {(Ref. 6), who reportad ths
parity of this state as being positive. Although a log ft
value of 8.2 makes spin choices Gi, 13, and 3% poesible for
this level, tho gamma transition to the 1 level eliminatas
spin 3+, and the transition to the 3 level aeliminates spine
0% and 17, The choice of 2% for the 1894.5 keV level follous
from these considerations. The experimental valua of 1.56 + 0.29
for the branching ratio to the members of the 1~ octupole band
agrees well with the theoretical value of 1,78 predicted by the
Alaga rule for K = 1, The same arguments hold for the 1930.0 keV
level as for the 1948.1 keV state, since the log Ft value is
also about 7, and the gamma-decay of this state to the 1,27,
and 2% levels eliminates ﬂi and 3t as poseible spin choices.
Bollingser and Thomas {Ref., 6) had establishad pasitive parity
for this level. On the basis of the Alaga rule, the branching
ratio of 0,84 + 0.17 to ths 1° and 2 members of the vibra-
tional band suggests the assignment of ¥ to the 1930.0 keV

level, but tha valus 2+ cannot be excluded.
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The existence of ]963.8 keV lsvel is establishaed by seven transi~
tions, which fit very well into the energy sum relationships.

A lag ft value equal to 7.1 and the occurrence of )y-transitiuns
to the lesvels of apins U+, 17, 21, and 3~ leaves only ths spin
value of 2% for the 1963.8 keV levol. The experimental branching
ratios to the ground state band and the 1  octupole band are in
agreement with the value obtained by means of Michailov's rule
for K = 2 (refer to Table 1Y), For X = 0 and K = 1, it is not
possible to find a valid parametor a for all transitions to

the members of the same band.

Among the other higher-lying states, the following levels were
reported previously: 2023.8 keV by Daniels and Hoffman (Raf. 1)
and Bollinger and Thomas {Ref., 6); 2324.8 kel (Ref. 1 and Ref.6)
as a positive parity state; 2394.,9 keV as a tentative snargy

lovel 2440 %oV (Ref., 2)}; and 2396 keV {(Raf. 4).

The suggested spins and parities shown in the decay scheme (Fig.4)

for levele from 2023.7 kol to 249B.6 keV are based on consideraw-

tions concerning log ft valuss and branching ratios similar as

to those used for the levels discussed previously.

Only for the 2324.8 kel level, whose gamma-transitions to all
thres members of 1 vibrational band were found, was it poassibla
to compare the branching ratios with Michailov's rule (Table IV},
The agrsement found for spin projection X = 1 was quite good. The
gquantum numbers suggested for this state are 1 = 2, K = 1, with
positive parity. In conclusion it can be said that, in the case

of 1SBGd, the agreement between the sxperimentally reduced transi-
tion probabilities and the predictions of adiabatic theory would
be enhanced by using Michailov's formula (Ref., 12). More accurate
values may be obtained by means of a microscopic medel of octupole
states of some even deformed puclei, such as those proposed by

Meargard and Vogel {Ref. 13), and by Kocbach ang VYogel (Ref. 14},
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4.2, Distribution of Betan-Strength.

The two-quasiparticle states of jSEGd can be calculated on the
basis of the Nilsson model. Thess calculations heve baen par-
formed using deformed oscillator potential, taking into account
the 12 term aa well as pairing interactiocns (Ref. 16,17). The
potantials, characterized by parameters 3 and f’ have bean
chosen according to Raef. 16;}£P= 0,0637 and }m = 0.60 for
protons; 3211 = 0,0637 End,ﬂn = 0.47 For neutrops. The follo-

wing values were used for pairing fores atrength: Gp = 20.B Meui/A
for protons, and Gn = 15.6 MeV/A for neutrons., Both the quadru-
pole { and the hexadecapole E'A axially symmetrical deformations
were accounted for. The veluss ¢ = 0.24 and ¢ 4" -0.026 were
used as suggeeted by Hendrie ot al., (Ref., 18), who invastigatod
defarmation parameters by means of 50 MeV alpha-particle scat-

tering.

Tahle V contains & list of those pure two-quasiparticla statas
predicted by tho applied model (at enorgies belou 2.6 Mey),
having proper configurations owing to thoir direct feeding
from the 15E|Eu ground state. For the ground state of 158Eu,
the configuration of Nilsson model orhitals p/413/ } and
n/521/ t was assumed, since the 159Gd nucleus has an add
neutron with the ground state quantum numbers 3/2° /413/.

The transitions from the 158Eu ground state ta 158&! states
listed in Table VY may bse: allowed hindersed, frist forbidden
unhindered, or unigue. On the basis of available data on

such transitions in the rare sarth rogion (Ref, 19}, we assu-
med 7,'7.5, and 8.5 respaectively for thoir log ft values. For
the allowed hindered transition proceeding betwsen the orbi-
tals n 3/2° (521) and p 5/2% (531), the lower valus of 6.5
was assumed, in agresment with the oxperimental evidence and

calculations for rare-earth nuclei presented by Fujita (Rof. 20).

It has been difficult to compare calculated pure two-quasiparticle
states with the sxporiment hecause of the lack of complete ex-

perimental informations un spins, parities end decxcitation
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pettarns, The primary difficulties were due to leval mixing
effecte and ths splititing of states caused by collsctive
interactions, We have therefors aﬁalysed the distribution
of the avarage beta intensity rather than ths probabilites
of individusl transitions (Ref. 21). Ths ensrgy range of
observed 158Eu deexcitations has bsen divided into

AE= 0.2 MaV intervals and the bota strength

1 1
S"AEth

has been calculated for sach interval. The results are shoun
in Fig. 5. The low-anergy beta intensity is cauaed by the
ground state rotational band. The bota-feeding of the collec-
tive vibrational and octupnle states 1s discernible in the
energy interval 0.0 - 1.0 MeV. The tuwo-quasiparticle lavels
start to appear above the snorgy gap (fer neutrons, 1.63 flav),
which causes a pronounced rise in bata decay strength. The
shape difference between the theoretical and experimaental
curves may be attributed to collective interactions which
tend to split the two-gquasiparticle states, and to our rather
rough estimates of log ft values {rafer to Table V). Above
1.6 eV, the experimental beta strennth is squal to 75 % af
the theoretical value, If the beta transitions below 1,6 MeV
are also accounted for, the total beta strength amounts to

92 % of that predictsed theoretically. Since the accuracy of
log ft values for weaker transitions is 10 - 20 %, the agree-
ment between the theoretical apd experimental values of beta

strangth appoars to be satisfactory.
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TABLE I

15
Energies and relative intensities of gamma rays observed in BEu decay

yrnray enargy Falatiye . Jf—ray anergy ?ulatiua
o /kev/ intensity Jkav/ intansity
79.6 + 0.2 46.4 + 4.6 i141.7 + 0.3 0.83 + 0,08
182.1 + 0.2 B.2 + 1.7 1180.1 + 0,3 0.90 + 0.20
528.1 + 0.2 6.1 + 0.5 1103.8 + 0,3 9,9 + 0,9
606.6 + 0,2 13,0 + 0.6 1233.4 + 0.3 0.69 + 0.15
698.7 + 0.2 4.0 + 0.3 1260.4 + 0.3 1.55 + 0,20
743,3 + 0.2 12,2 4+ 0.9 1263.5 + 0.7 7.50 + 0.8
750.9 + 0.3 0.02 + 0.10 1283,7 + 0.3 0.23 + 0,05
764.0 + O, 1.15 + 0. 16 1291.9 & 0.3 0,96 + D.35
769.5 + 0.2 1.9 + 0.2 1300.8 & B.4 0.67 + 0.07
779.1 + 0,2 2,97 1 0,25 R I 1,06 - 1,76
816.5 + 0.2 1,68 + U, L) Diidee 1w LA
824.3 + 0,2 5.1 &+ 0.4 1347.4 + 0,3 5.9 + 0.3
828,1 + 0.3 0.85 + 0,11 1433.1 + 0.4 0,31 + 6,12
852,6 + 0.2 1,45 4 0,10 1437.8 ¢ 0.4 0,17 4 G.07
871.0 + 0.2 5.1 + 0,5 1520,4 + 0.5 0.25 + 0,08
897.9 + 0.2 42,7 £+ 1.9 1597.4 + 0.5 0.72 + 0.06
907.1 + 0,2 6.0 + 0.5 1713.6 + 0.3 0.78 + 0.10
917.0 + 0,3 1.18 + 0.14 1768.7 + 0.4 8.22 + 0.08
922.6 + 0.2 5.9 + 0.5 1049,% + 0,4 N.60 + D0.15
925.7 + 0.3 0.60 + D.1% 1856,3 1 0.9 9.96 + 0,12
940.1 + 0.3 1.2 + 0.3 1883,4 . 0L h e 0.7
944,3 + 0.15 100 1923.8 + 06,5 0.26 » 0,00
953.4 + 0,2 5.8 + 0.% 1943,7 + .3 B+ UG
952.2 + 0,2 6.0 + 0,4 1957.1 + 0,4 S48 + 0,10
977.0 + 0.15 52,3 # 2.1 L9667 4 Ll g,47 + 0,08
986,68 + 0.2 4.9 + C,a 2022.8 x 8,7 sed o 112
999.1 + 0.3 2.0 + 0.2 FEAL U 1 A -
1003,9 + 0.3 1.78 4 D.4 23%4.4 & 3,2 £.19 + 0,10
1005.7 + 0.3 4.5 - 0.8 2366, « UL Jed 2 U
1034.8 + 0,3 2 x D.10 T T 1 S AP by
1061,5 + 0.3 A () 2648.9 + O, T I ,
1107.9 £ 0.2 18,6 £ .0 1
1116,0 + 0,3 | I B
1137.8 ; 0.4 0062 - LD

IR



TABLE 1T

The_veluge of Log [t for the levels posulated by 12ty docay
Energy levsl 5 «feading lag
/kav/ /%/ fé
o 5 8.6
79.55 23,0 7.9
261.6 D.54 9.4
977.2 17.8 7.5
1023.8 21.4 T3
1041,3 0,005 -
1187.1 1.96 B.3
1195.,6 0.92 8.6
1260,4 0.77 8.6
1263.5 2.7 8.1
1265.5 u,15 9.3
1403,2 0.44 8.8
1517.4 0.07 9.4
1793.1 5.5 7.3
1848.1 2,5 7.6
1894.5 0.58 8.2
1930.0 6.1 71
1963.8 5.3 T
2023.8 2.6 Ted
2269,1 1.35 Tad
2324.,8 2.5 7.0
2394.,9 0.14 B.2
2446,3 1.2 741
2498,6 0.473 73
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TABLE III

Ratigs of reduced transition probabilitias for trapsitions from the
octupole bands af 18864 to the ground state rationel band,
Theoretical values of
Energy Iy = 1e i |« Experimental B(L)} ratios Nich?i—
: : f | value of lov's
lavel Ii-—vrf. B(L) ratios Alaga | Michailov ] Kocbach
(kaV) (11) (12) Vogel para-
(14) meter
17— ot
977.2 = oF 1 0 | 0.96 + 0.08 2.0 0.83 1.8
7= 2+ 0.01
1041.3 = 1] 0 |1.07 £ 0,16 1,33 0.95 1.0
37— 4 =
1" —s 0"
1263,5 = >F 0 0 | 0,623 +0,12 0.51 0,49 0.573
3 w2t
1403.2 TS 4F 0 0 | 0.74 + 0.14 0.75 0.73 0.97 ~{.0091
57— 4t *)
1639.3 [y=2 0 0 [ 1.44 + 0.34 0.833 c.80 1.32
3
*)

Valus taken fraom ref., (8)
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TABLE 1V
- + 168
Aatioe of reduced trapsition probebilities for some 2 ataetea of Gd
to the 1~ octupole band and the ground atate rotational band.
Energy I,—sl; Expsrimental’ Thaoretical valusa Michai- Sug-
lavel —_— kP value A1 agqga (11)Michai=| lov's gestad
II___’II
(kev) i f AT TR o TR o3 hoY para- K
1T 1i7°) (12) | meter
7931 | 220 | 4 | 0.46750.10 | 0.21.8 |1.83] 0.565
1793, = «467 + 0, . . . .
0,11 2
+ -
2 —3
o 1 0.44 +0.08 0.8(3.2 |D,2 | D,55
2t _of
¥ F D 0.086 + 0.020 0.7|2.8 |0,7 | 0.112
2+_54+ a.1 2
5 0 0.20 +0.05 1.81 0,340,057 0.288
—s 2 -
1963,8 | ==rrmeemms R T ————— TSR N ————
2t _o3”
‘E:F':.? 1 5-2 _‘l_‘1.7 U-B 3.2 0.2 7.5
N 0.642 2
2T 50" 1 3,6 _.!._1.2 0.2{1.8 {1.83| 2.8
2" 3
o 1 0.36 +0.11 0,8 3.2 |0.7 | 0,37
2,324.8 ~0,11 1
2t—q-
T o= 1 J.5 +0.5 D,2| 1.8 |0.467] 3,7




Two quasi-particle lavals in,15
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TABLE V

158

BGd fed by beta-decay of Eu.

Configuration Energy (MeV) [ Spin and Log ft

parity {assumed)
an /521t + 642 1/ 1.63 ' 7.0
nn /5214 4+ 523} / 1.78 9t 7.5
pp /413 L o+ 411 % / 1.89 7t 7.5
pp /413 | 4+ 532 ¢t / 1,94 0~ .5
nmm /5211t + 651 %/ 2.03 0 7.0
nn /521 % + 6331 / 2.40 27 7.0
an /521 %+ 521} / 2.53 1t B.5
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