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In this study the decay of "'Gd~+ by'positron emission and electron capture and the isomeric decay of
'"Eu were investigated. y rays associated with "Gd~+ were placed on the basis of excitation functions,

half-life, and y-y coincidence information. %'e assigned 61 y rays deexciting 33 levels in '" Eu from the

decay of 112+2 sec ' 'Gd . Another 7 y rays deexcite an additional 6 levels in ' 'Eu from 39+2 sec
'"Gdg decay. A small delayed p or o, branch associated with ' 'Gd decay was observed with an upper limit of
1 X 10 '. The half-life of the '"Eu isomer at 389.47 keV was found to be 50.0+0.5 p, sec. The resulting

level structure observed in '"Eu is explained quite satisfactorily in terms of a triaxial weak-coupling model.

BADIOACTIVTTY Gd + ™ Eu Ineasured 7'i~~ delayed P+ ~
yy coin, o {E);deduced logft, Q. Eu deduced levels, J, ~.

NUCLEAB STBUCTUBE 43Eu; calculated levels, J, ~. Triaxial weak-coupling
Inodel,

I . INT RODUCT ION
t

The decay of ~43Gdq+m continues our stud-
1es o f odd-mass N= 79 nucle1, wh1ch have 1n-
cluded ~3"Ceo+I, ~ ~39Ndg+~, 2 and
'4'Smg+m. 3~4 The first studies of '43Gd~
decay were reported by J. van Klinken
et al. , who presented a modest decay
scheme; later studies, by Wisshak et al. , ~

presented a more thorough decay scheme. In
this work we have nearly doubled the known
information about &43Gd~ decay and present
our new data concerning ~43Gd~ decay. we
had previously reqorred a half-life meas-
urement o f 14 3Gd& ~; 7 here we present our
total decay scheme data in more detail.
The level structure in I43Eu was discussed
by Wisshak et al. in terms of a generalized
decoupl 1ng model ~ whl. ch gRVB only fR1r
agre cmcn t w1th expcr 1HlcIlt . In th 15 p Rper
we shall show that a good qualitative
agre cmcIl t w1'th cxper 1IHcnt can bc at'ta1ned
us in'g a we ak- coupl ing model .

I I . SOURCE P REPARAT ION

~43GN'+~ were produced by the
~"4Sm{ 3He, 4n) ~ 4 3Gd reaction wi. th a 50-MeV
3HC beam produced by the Michigan State
University sector- focused cyclotron. En-
r1ched taI gets 0 f Sm203 (95.10'o ~4 "Sm,
obtained fram the Isotopes Divi. sion, Oak
Ridge National Laboratory) were bombarded
j.n the terminal o f a He - j et recoil trans-
port system, which is described elsewhere. 7

The primary impurities encountered in
these stud1es werc QPm {ti/2 = 5.8 m1n),
141Sm {g ~

— 22 7
'

) 142E
1.2 min), ~~4Hu (tq = 10.5 sec), ~~0
{Cl/2 = 70. 5 scc), N {0y/2 = 7.11 sec),
IQC {SI/2 = 19.4 sec), and the I43Eu daugh-

ter activity {0&/2 = 2. 61 min) . None of
these impurities was both intense and com-
plex enough to hinder the studies of inter-

estt

scr1ous ly ~ and Rl 1 wel 8 already well
understood. Coincidence and hal f—li fe ex-
periments were employed to delineate the
transitions of interest further.

III. y-RAY SPECTRA

A. Singles spectra

Gd~™singles spectra were taken with
Rn 18.0: efficient Ge{Li) detector {rela-
tive to a 7.6X7. 6-cm NRI{Tl) detector at
25 cm for the 1552-keV 6QCo photopeak).
The resolution o f this detector was 2. 1 keV
full w1dth Rt hal f max1mum R't 1332 kcV.
Act1v1ty was collected on a slowly mov1ng
pRpcr tRpe R't R pa1Q t sh18 lded f roHi 'the de-
tector Rnd couQ'tcd dur1ng the 1ntcrval floHl
10 sec to 90 sec after bombardment. A
spectrum collected. in this manner is shown
in Fig. 1.

Seven y rays werc assigned to I43Gd8 de-
cay and 61 y rays were ass1gned to " Gdm

decay; these are listed jn Table I . As-
signments were made on the basis of half-
li fe, excitation functions, and coincidence
information {discussed below), and vir-
tually all of the observed activity cauld
be assigned either to ~ 4 3Gd8+~ or to the
appropriate known impurity. Precise energy
cal j;brations were performed us ing 5~Co,
j 1 QAgvl 1 5 2Eu 1 82TR Rnd 22 6 Ra
standards, and the quoted errors re fleet
the statistical scatter in these measure-
ments. Certain trans it ions were apparent
only in the coincidence studies, and
gl eater crlors Rre re flccted 1Q these
BQB rgy Rnd 1n'tens 1ty as s j gnments .

The paper o f Wisshak et al. ~ included
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TABLE I. Energies and relative intensities of y rays from the decays of
14 3Gdvl+g

143cd Pl

Energy (keV) a Intensityb Energy (keV) Intensity

117.57+0.05
131.1 +0.1
210.9 +O. l
271.94+0.03
304. 2 +0.1
389.47+0.05
428.1 +0.2
497. 3 +0.1
545. 3 +0.1
588.00+0.03
590.8 +0.2
594.3 +0.1
625.23+0.08
668.10+0.03
698.8 +0.1
776. 8 +0.1
785.56+0.06
798.89+0.06
824. 43+0.09
830.1 +0.1
836.3 +O. l
845.5 +0.2
890.52+0.09
906.96+0.06
916.53+0.05
926.6 +0.2
984.93+0.05
993.1 +0.3

1008.28+0. 05
1041.35+0.05

(Z2)

(Xl)
(m)
(m, Z2)
(Z3)

Pe, Z2)

(Xl,Z2)

(Xl,Z3)
(E2)
(Z2)
(~2)

(Zl, Z2)
(E2)
(~2)

(Z2, Z3)

(Xl,Z3)

7. 7 +0.6
0.44+0.07
1.3 +0.1

=100
1.2 +0.1
4.1 +0.3
0.3 +0.1
0.7 +0.1
0.7 +0.1

18.6 +1.3
0.4 +0.2
0.69+0.06
1.4 +0.1

11.5 +0.8
0.45+0.06
1.0 +0.1
6.5 +0, 5

12.7 +0.9
5.9 ~0.4
0.64+0.06
0.66+0.06
0.3 +0.1
2.1 +0.2
2. 5 +0.3
5.1 +0.4
0.65+0.09
2.4 +0.2
0.55+0.06
1.6 +0.1
3.6 +0.3

1059.3 +0.1
1087.3 +0.1
1138.9 +O. l
1158.2 +0.1
1162.8 +0.2
1196.9 +0.1
1213.1 +0.3
1219 21+0 07
1225.8 +0.5
1231.8 +0.3
1276 9 +0
1293.3 +0.2
1297.6 +0.2
1329.3 +0.5
1354.4 +0.2
1373.6 +0.1
1386.69+0.0?
1404.56+0.07
1489.8 +0.2
1503.4 +0.1
1629.3 +O.l
1633.3 +0.6
1675.9 +0.3
1702.5 +O. l
1746.4 +0.1
1793.21+0.07
1807.14+0.07
1820.27+0.07
1886.0 +0.2
2338.9 +0.8

1.0 +O. l
1.9 +02
0.96+0.09
0.66+0.09
0.9. +0.10
1.06+0.09
0.66+0.09
4.9 +0.4
0.3 +0.1
0.8 +0.1
0.3 +0.1
1.0 +0.1
0.42+0.07
0.3 +0.1
0.6 +0.1
1.3 +0.1
1.5 +0.1
3.4 +0.3
0.78+0.09
1.4 +0.1
2.3 +0, 2
0.10+0.05
0.57+0.09
1.3 +O. l
0.9 +0.1
3.1 +0.2
9.1 +0.7
3.6 +0.3
0.9 +0.1
0.3 +0.1

14 3gdg'

204. 77+0.05 25.9 +1.9
258.81+0.03 (Ml, &3) =100
463.7 +0.1 13.2 +1.0
554.1 +0.3 1.0 +0.5
812.9 +0.1 7.2 +0. 7

1284.2 +0.4 1.4 +0.5
1464.8 +0.4 1.2 +0.4

The errors given on the energies reflect both statistical scatter and
calib ration s tandar d errors.
The errors given on the intensities reflect both statistical scatter and
calibration standard errors. Some transitions were observed only in
coincidence measurements and yielded less precise intensities.

polynomial) . Representative half-life
plots are presented in Fig. 3. From an
average o f such curves we determined the
half-life of 43Gdm to be 112+2 sec and
that of 43Gd& to be 39+2 sec. In addi-
tion, 30 transitions were assigned to

GdG'+I partially on the basis of half-
life.

The half-life of the 389.47-keV state in
143Eu was measured by utilizing fast beam-
sweeping techniques. After bombardments o f
a 14"Sm target with 27-MeV protons for in-
tervals of -200 psec, a series of ten 70-
&sec spectra were taken. The decay of' the
117.57-, 271.94-, and 389.47-keV y rays
from this state were found to yield similar
half-lives. The 271.94-keV y ray was by
far the strongest and could be followed

through six spectra. Dead-time corrections
were determined from a constant-rate pulser
peak, and the half-life for 'the 389.47-keV
state was measured to be 50. 0+0. 5 psec. A
half-'life plot of these data is presented
in Fig. 4. This experiment will be dis-
cussed in greater detail elsewhere.

D. Coincidence spectra

megachannel coincidence spectra were
taken with 18'0 and 10'. effici'ent Ge(Li) de-
tectors. Coincidence data pairs were col-
lected sequentially on magnetic tape f' or
off-line sorting with background subtrac-
tion. A standard three-parameter (E&xE&xt)
fast-slow electronics setup with constant
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FIG. 2. Experimental excitation function for 30-
76-MeV He on a ""Sm target. The curves plotted
were calculated using the computer code ALICE,
although the absolute normalizations are all arbi-
trary. It is interesting to note the double peak
in the ~ Sm production cross-section caused by the
di fferent Q values for the ( 3He, n2n) and ( 3He, 2p4n)
reactions. This is qualitatively predicted by the
calculation.
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FIG. 3. Half-life plots for the strongest re-
spective transitions in "3Gd&~ decays. These
data have been correc ted for deadtime, and the
half-life was extracted from a leas&-squares fit.
The normalization shown is arbitrary.

fraction timing was used. 9 Sample coinci-
dence gates are shown in Fig. 5, along with
the corresponding integral coincidence
spectra for the X (18'&) side. In general,
transitions of intensity 0. 2& per decay or
greater were observable in the coincidence
spectra. All transitions reported in this
paper were either seen in coincidence with

rays ascribed to ~ Gd~ ~, or were of
sufficient intensity to give definite nega-
tive coincidence results. Energy sums were
used only as correlative evidence to these
coincidence results. A summary of the
coincidence information is presented. in
Table I I.

IO

IO

RYE .
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E. p-delayed proton spectra

The large amount of available p-decay
energy for ~ Gd~+~ allo~s the-possibility
of decay to high-lying levels unbound with
respect to proton decay. The p separation
energy in 1 f 3Eu is P 64 Me+ and con
sidering the height o f the Coulomb barrier,
about 2. 5 MeV above this we expect p decay
to compete more or less equally with y de-
cay. A delayed p and/or m spectrum was
collected. using a thin Si surface barrier

IOI I

IOO
I

200
I

300 400
t(p. sec)

FIG. 4. Hal f-li fe plot for the decay o f the
389.47-keV state in "3Eu. These data have been
corrected for dead t ime, and the half -life was ex-
tracted from a least-squares fit.
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FIG. 5 ~ RePX'e8eQt8t3. Ve C03QC3.8eQCB QGKR fOX'
"3Cd&@ Qeeay. Alj. COinCidenCes Wex'e Ca@firmed by

gGtes X'UD. QD bOt:h (ie'teCtoX'8 RB %611 88 by 0th&X'
XQCeX'3.C}Ck3.Qg COGNAC j.dBQCe dGKQ. +

detectol backed by R 'thlckeT s1 veto de-
tectol to eliJ11in ate g events. A pRTt. icle
spec tx'UK obt R3 Qed 3Q 'th35 Nanner 35 showQ
iQ Fig. 6. A broad distribution of p/0,
enex'gies was observed with very few events
below 3 MeV. From these data we could set
RQ Upper 13N3 t 0f 0QG part, 1Q lo de lRyed
p/e decays per ~ @ 3Gd~+0 decay. This result
wRs 0f 3.mpoTt RQce 3Q 811N1QRt 1ng p os s ible
5tToDg g - decay bTRQches 'to very h3. gh- lying
levels; howevex', statistics were too poor
to make fUTther Use 0f these datR f01 meas-
Ul" 3.ng Qg

ln F3.g. 7 we have constructed a ~ ~ 3Gd~
decay scheIHG fx'oHl the comb3. QRt3. 0Q 0f 'the
co1Qc3.dence p exc1'tRt1on fUQct 10Q p Rnd hal f-
life data. The 204. 77-, 258. 81-, 465. 7-,
and 8l2. 9-keV txansitions wexe all observed
to hRve Rpprox3mately R 59-Sec hRl f-13.fe.
Intensity balances placed the 258. 81-keV y,
and coincidences between this y x'ay and th6
204. 77-, 554. 1-, 1284.2-, and 1464.8-keV-

y's placed levels at 465. 7, 812.9, 1543.0,
Rnd 1 72 3.6 keV. No y 1"ays wer'6 Obs 81ved iD
coiQc3.DGDce with the st1"ong 453. 7- ox'
812.94-keV y'5, so these were placed as di-
rect ground-state transit, ions from the
states. of the same energy. The intensities
R553.gQGD to each 'tTRQ53. t3.on Rle 3.Q perccn't
p61" decay of ~~ Gdg, Rssuming Qo second-
forbidden dx. rect ground-state p trans1-
t30QS, Logff values were cRlculated fr'om
the compilation by Gove and Martini~ using
'the RverRge Q~ value cRlculRted fTON the
mass excesses 1"GpoT'ted by wapstrR and
@os 12

Systematics suggest 1"3GDP has gm = 1/2+
in analogy with both ~~5Gdg and 1"ISNg'. Io
From a s ingle-particle Shell-model picture
we expect to obseTVG low lying m81/2 Rnd
m g3/2 Deut TOQ 5 t at Gs ill, Hu, both 0f
which should be fed by ~ ~ 3Gdg decay. The
Ml transition fxom the 258. 81-keV state to
the Ytcj5g~ ground state allows Us to assign.
Sp3.Q 3/2 to. that state Rnd fTom shell-
Nodel systematics we R551gIl sp3Q lj2 to
the 463. 7-keV state. These two states axe
expected to conta3D most, 0f the 5ingle-
pa1"t3.cle 83/2 Rnd 81/2 orb3. tRlsq 1"espec-
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TABLE II. ~ Gd~G' coincidence summary.

Gat, e (keV) Coincident y Rays

118
205
259
211
272

304
497
545
554
588

594
625
668
699
777
786
799
824
830
891
907
917
927
985
993

1008
1041
1059
1087
1139
1158
1163
1232
1298
1329
1354
1374
1387
1405
1465
1490
1503
1793
1820

272
259
205, 554, 1284, 1465
588
118, 497, 786, 985, 1059, 113
1405, 1746, 1793, 1820, 2339
1503
272, 985
668
259
211, 428, 594, 625, 777, 830
1087, 1219, 1277, 1298, 1354
545, 588, 625
588
131, 545, 846„ 1197
1329
588
272, 836, 1139
830, 1008, 1087, 1163
1387
799
917
591, 1158
891
588

,272, 497
588
799
588
272
588, 799
272, 786
907
211, 799
588
588
699
588
588
824
272
259
272
304
272
272

9, 1226, 1293,

927, 1008, 1041,
1374, 1633

Only gates containing positive coincidence information are
included. All gates contained 511-keV y- radiation.

tively. From the, logft values and the
deexcitation patterns, we can but limit theJ" assignments for the three remaining
states to 1/2+ or 3/2+.

decay

We have constructed a decay scheme for
Gd& that is prese@ted in Fig. 8. Sixty-

one y-rays deexciting 33 levels were
placed, and all intensities are presented
in percent per decay. Logft values are
calculated as mentioned above, and g-decay
feeding intensities assume no third for-
bidden ground-state feeding. The Q~ value
used here is the same as for ~ Gd8' decay
because we have no direct evidence whether
the 11/2 or 1/2 state is the ground
state. The systematics of this region sug-

ges t that lf/2 lies above the 1/2+ state
but close to it {within =100 keV) .

The J~ for " Eu are based on experimen-
tal mul t ipolari ties and p - ray selection
rules. All g transitions with logft & 6.1
are assumed to be allowed. Some spin as-
signments are made on the basis of the
theoretical arguments given in the dis-
cussion; however, all reasonable experimen-
tal possibilities are then provided in pa-
rentheses. Further details of the specific
spin assignments are discussed below.

0-, 272. 94-, anl 889. 47-keV 88ale8
I

These three states represent the three
single-particle shell-model states popu-
lated by Gd decay. The ground state is
the md5/z proton state as was confirmed by
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0-delayed protons following the decay o f
These data were taken with a par ti cle
and an upper limit of l&&10 delayed p/n
143Gd decay was set.

studies o f "3Eu p decay itself. " The
state at 2 71.94 keV is the TI g ~/2 proton
state as confirmed. by the Ml y ray deex-
citing it to the ground state and the H2
ray feeding it from the vrh11/2 proton state
at 389.47 keV. This m811/2 state is fur-

ther confirmed by its E3 transition to the
ground state. The 50. 0-@sec half-life of
the 389.47-keV state made coincidence meas-
urements with y-rays feeding through this
state impractical, so transitions placed
into it were generally confirmed by other
interlocking coincidence relationships or
by p- and y-decay selection rules, which
eliminate direct feeding to the ground
state.

906'. 96'-, 202 8. 8-, 2084. 9-, and"
2098. 2-keV 85ate8

These were the only higher -lying states
where definite Z~ assignments could be made
from the experimental data. The 906. 96-keV

from the state of the same energy is
known to be E2 and the p decay is clearly
either allowed or first forbidden, elimi-
nating spins 7/2+ or lower. The 906.96-keV

. state is therefore uniquely determined as
9/2+. The g transitions to the states at
2018.8-, 2064. 9-, and 2092. l-keV are all
allowed, limiting their assignments to
9/2, 11/2 „or 13/2 . Each o f these
states deexcites strongly through the Yt 87t'g 7
state, leaving only the spin 9/2 assign-
ment.

Other state8

The remaining states are not uniquely
determined by experiment; however, gener—

I I/2 I I 2 sec

0 59sec

Q~= 6.4

I/2, 5/2

I/2, 5/2

,o~
g ~ I 725.6

I54~.O

/o P LOG FT
I. I 6.4
I.2 6.4

I/2, 3/2
o « 7.2 5.9

5/2

54.2 5.4
56.3 5.2

5/2 0 2.61min

~45
6~E'8o
FIG. 7. Decay scheme for Gd~.
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FIG. 8. Decay 8 cheme fo g ~ 4 3GH.

ally some spins can be eliminated. Here we
have assumed that log f'0 & 6. l signifies an
allowed g transition, log/'0 & 7. 0 an al-
lowed or first forbidden non-unique transi-
tion, and log/'0 & 7.O, an allowed. , first
forbidden, or first forbidden unique tran-
sition. The latter limit is somewhat gen-
erous; however, we believe that the weak
feedings with high log f'0 ' s cannot be meas-
ured with sufficient sensitivity to rule

out higher orders of forbiddenness. In ad-
dition, y-ray transitions from these states
were expected to follow standard. selection
rules and to conform to the measured multi-
polarities. In the cases where Nl or E3
were indistinguishable in the conversion
work, we chose the Ml, because the E3 in
each case was highly forbidden with respect
to othe r compe t ing trans i t ions . One ex-
ception to these criteria was the 1256.87-
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TABLE III. Calculateda and experimental
conversion coefficients for the 985-keV tran-
sition in ~3Eu.

NULT IPOLARITY

Exp e rimen t
a.R. S. Hager and E.
Tables A4, 1 (1968)

bK. Misshak et al. ,

g. 9xl0

j ~ 6x] 0

3.4x10 3

7.4x10

(6.9+1.4) x10

C. Seltzer, Nucl. Data

Z. Physik A277, 129 (1976).

keV state. The 984. 93-keV transition from
this state was reported to be MZ + E3, sug-
gesting J~ = 11/Z, (Wisshak et al. re-
ported 0& = (6.9+1.4) x10 ~ and assigned
this transition as MZ + E3. ) From Hager
and Seltzeri" we find the values given in
Table III for a 985-keV transition.
Clearly M2 is eliminated and the best
assignment for the transition must be
Ml + E2, although E3 cannot be eliminated
on this basis alone. Additionally, the
Ml + E2 trans i tion through the vrh i ~/2 s tate
would have to be hindered by over four or-
ders o f magnitude with respect to an
M2 + E3 transition for the latter assign-
ment to be viable. We there fore assume
that Wisshak et al. were mistaken in their
as s i gnment; we pre fe r 9/ 2+ or ll/2+. but

cannot rule out 9/2 or 11/2
One interesting point in our ~ ~ 3Gd~ decay

scheme is that we have placed two 1087.5-
keV y transitions; one deexciting the
2064. 9-keV level, the other, the 2275. 1-keV
level. This s ituation was forced on us be:
cause the 1087.3-keV y is in prompt coinci-
dence with both the 588. 00- and 798. 89-keV
y's. In addition, the two levels placed by
this apparent doublet are confirmed by nu-
merous other transitions. We were unable
to resolve the doublet in any spectrum and
could set an upper limit o f 1 keV on the
separation. Coincidence data indicated
that the 1087.3-keV y

' s also were o f near ly
equal intensity. There are no other .rea-

sonable placements for a 1087. 3-keV y that
do not require an additional, unobserved
coincident transition. We find this fea-
ture of the decay scheme amusing but prob-
ably not as uncommon as might fi rs t be
suspected.

The specific Jvt assignments for the
higher-lying states are somewhat model de-
pendent and will be discussed in the fol-
lowing sect, ion.

V. DI SC USS I ON

The ~~ 3Eu level systematics were dis-
cussed by Wisshak et al. 6 using a de-
coupling model where only the 2& and 4&
core states were coupled to the mh & i/2
single-particle state to obtain the primary
p- fed negative-parity states in "3Eu. In
this section we shall show that the assign-
ments made by Wisshak et al. were generally
incor'rect because of their limited knowl—
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FIG. 9. Single-coupling model for states in
3Eu based on the coupling of the ~~2Sm core with

the low-lying ~~3Eu single-quasiparticle proton
s tates a
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edge of the decay scheme. We now believe
that the spin assignments chosen by Wisshak
et al. to minimize the x of their fit were
incorrect and the choice y = 0' was too
large an asymmetric deformation. We shall
discuss ~"3Eu below in the triaxial weak-
coupling model described by Meyer-ter-
Vehn. ~5 The discussion will include all
core states through the 4l and their
coupling to every single-particle level.
Meyer-ter-Vehn's quantitative calculations
for the vrh&&/2 coupling to the 2~, 22, and
4+~ core states will be utilized exten-
sively, and more general qualitative re-
marks will be made concerning the other
s ingle-particle couplings.

The single-particle states discussed here
are presumed to couple to the excited'
states in the ~ ~2Sm core. The low- lying
states in Sm were identified by Kennedy,
Guj rathi, and Mark and are displayed in
Fig. 9. The low-lying 02 state was not ob-
served; however, this state appears at
1477. 9 keV in 3 Ce~" and at 1413.4 keV in

~ i3d We have as s ume d that the 0 2 s tate
lies at about 1400 keV; however, its exact
position is not crucial to this discussion.
The 2j state in " Sm lies at 768. 0 keV,
which allows us to predict the deformation
parameter p = 0.12, as pointed out by
Grodzins. ~g This value of 8 is small
enough to justify a triaxial weak-coupling
model and to predict the relatively small
splittings in the predicted. core-coupled
multiplets. This is certainly true for
couplings to the vrh] ] /2 unique parity state
and hopefully at least approximately cor-
rect for couplings to the other s ingle-
part icle states.

The g decay of '" 3Gdg+~ must also be con-
sistent with the weak'-coupling picture we
intend to adopt. The predominant shell-
model configuration for protons in ~~ 3Gdg+~
1S (vrg 7/2) (vr d5/2) . g deCay f rOm thiS
configuration to either»q~ /2 or v8~/2
s tates are s tr ictly forb idden in the s imp le
shell-model sense, and pairing occupation
in the vr~ &/q, vrd3/2, and vrh» /2 orbitals in
"3Gdg™must be considered to explain the

observed decays. In the shell-model pic-
ture, this means that we would see decay to
numerous three-quasiparti cle states in

Eu (as in the decay of "5Gdg ), or, in
a more general collective picture, to core-
coupled states where these core states are
essentially two or more quasiparticle com-
bs. nat j.ons .

The model we choose to predict the g de-
cay systematics is the "~Eug+~ decay to
the same ~2Sm core described by Kennedy,
Guj rathi, and Mark. With the exception
0fthe vf35/ 2 ~ 923/ 2 ground s tate 8 trans i-
tion, the decay to excited states in ~" Sm
provides us with the expected log/8's for
the p transitions to the core-coupled
states in '"3Eu. The additional odd proton
is weakly coupled to the core and is essen-
tially carried along in ~ Gd p decay. The
observed ~~~En& decay to the three lowest
2+ states in "42Sm all have lo ft = 5. 2,
and the allowed decay to the Oz state was
unobserved, suggesting a significantly more
hindered transition. Also in " Fum decay,

fast first- forbidden transitions with
lo~ft = 6. 5 were observed. Thus, we expect

Gd decay to populate many low-lying
9/2+, ll/2+, and 13/2+ states in " Eu by
obs ervable first- forbidden g transitions.
We also expect a Gamow- Teller sum rule such
that the total Gamow-Teller strength to a
particular core-coupled multiplet yields a
net log/'t appropriate to the core state it-

selff.

We would additionally expect the
distribution o f Gamow- Teller strength to
fol low the j+1/j (j = &+1/2)» p /g+1
(j = g-1/2) single-particle selection rules
for allowed decay to a given negative-
parity multiplet. For h~ ~f2 particles the
ratio of 9/2 to 11/2 to l 3/2 reduces to
0. 34/0. 33/0. 32, i.e. , roughly equal
feedings. These predictions will break
down near 2 MeV in ~" 3Eu, where the level
density becomes high enough for the levels
of a given spin to mix extensively. We
should also expect the decay systematics to
break down where weak coupling is not so
valid, such as the nonunique-parity state
coup 1j.ngs .

Sing 2e-par Ci c2.e 8tatea

The five lowest-lying states in Eu are
presumed to be described best as the
single-quasiparticle shell-model states.
They lie at 0 (vrl5/2), 258. 81 (vrd3/2),
271.94 (vrg7/2), 389.47 {vrh ~ ~/2), and 463. 7
keV (vr8~/2) . The vrh& j/2 state is meta-
stable (t~/2 = 50. 0 psec) in analogy with
the lighter odd-A 8=78 nuclei.

Negate ue-pari 0p 8 Catea

The expected core-coupled negative-parity
states are also shown in Fig. 9. The low-
lyj. ng {vrhqq/2X2&) states should be rather
pure configurations. They may be identi-
fied by their E2 transitions through the
vrh~~/2 single-particle state, Ml + E2 tran-
sitions among themselves, and fast allowed
g transitions of roughly equal strength
from "3Gd~ to the 9/2, ll/2, and 13/2
members. The 7/2 and 15/2 states will
not be seen by direct p feeding; however,
they may be observed by y-ray branchings.
The levels corresponding to (vrh l ~ g2 ~2 ~)
should be observed at about 1158 keV in
'4'Eu.

Two relatively fast g transitions occur
to the states at 1057. 5 7 and. 1188. 4 ke V.
The 1188.4- and 1602. 8-keV states both de-
excite through the 1057.57- and 977.47-keV
states. These states all deexcite through
the vhqqyq state and may represent four ot
the states in the (vrh

& j /2x2 &) multiplet.
The 977.47-keV state is not fed directly

by 8 decay, and. feeding from higher- lying
9/2 states suggests that this state might
be the (vrh

& I /2 x2 &) 7/2 component. The Nl
trans ition from the 1188.4- to the 977.47-
keU state then suggests that the
(vrh ~ I/2 &&2 ~) g/2 COnfiguratiOn lieS at
1188.4 keV. The 1602. 8-keU state feeds the
977.47-keV state, forcing the
(vrh I I/2&&2~) I ~/2- assignment and leaving the
(vrh g I F2 ~2 I ) ] 3/2- aSSignment fOr the
1057.57-keV state.
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A state at, 1088. 2 keV is observed to de-
excite through the Tth11/2 sta te and has no
dj.rect g feeding. This state is tenta-
tively ass j'. gned as the (T(h11/2~21) 15/z-
configuration. trite might expect this state
to be populated by y decay from the
(Trh11/2 &&21) 11gz state, however the ex-
pected 514.6-keV y would be masked by the
strong y-+radiation. The lack of feeding
from the strongly fed. 9/2 states at 2 MeV
also tends to corroborate this assignment.

The allowed p decay is observed to pro-
ceed roughly equally to the 9/2 and 13/2
s tates; however, the 11/2 component is fed
by only 50 0 o f the Gamow- Teller strength to
the others. This discrepancy is probably
explained by the unobserved 5.14.6-keV tran-
sition and the significant mixing of this
state with the nearby (~h11/zx02) 11/z- and
(Ttd5/zx31)11' states. The net logft to
these five s'tates is observed to be 5.4,
and if we assume the total strength to the
ll/2 is equal to that of the others, this
reduces to a net logf'5 of 5. 2, which is in
excellent agreement with our earlier pre-
diction from " Eug decay.

From Meyer-ter-Vehn's calculations for
we can read trom his graph thatFfor ~ 2+ = 768 keV, the (~h11/2 &&21) 7/z com-

ponent should lie lowest, the 9/2-, 13/2
and 15/2 components should al 1 lie clos e
together at =130 keV above this, and the
11/2 component should lie at 490 keV above
the 7/2 state. The agreement with theory
is remarkable, both in the level ordering
and the energy separations.

The {vrh11/2x02) 11/2- state is not so
readily identi fiable and should. presumably
lie near 1800 keV in " Eu. It should de-
excite through 2+1-coupled states and per-
haps avoid deexciting strongly through
single-particle states. Unfortunately,
mixing with nearby 11/2 states will. cloud
the issue. The best candidate is probably
the state at 1754. 2 keV; however, this can
only be a tentative assignment.

The (mds/2 ~31) 9/z - 11/2 - states are nomi-
nally expected near 1784 keV in ~ Eu. The
best candidates for the 9/2 state lie .at
1676.5 and 2064. 9 keV. The lower state is
close to the correct energy, and selection
rules limit it to spin 9/2 if it is of
negative parity. The upper state is weakly
favored because of its deexcitation through
the (~dsgz&&2$) spy+ state, which will be
discussed in detail below. If the 11/2
component lies low, it will probably be
either the 1213.9- or 1306.0-keV state,
both of which are moderately strongly p fed,
and if they were 11/2 could only deexcite
through the 1TR11/2 single-particle state.

The (mh 1 ]/zx22) 9/2- 11/2- ] 3/2- states
are expected to lie near 2017 keV. The
calculations of Meyer-ter-Vehn suggest that
the 11/2 and 13/2 components should occur
200-300 keV higher, where the level density
becomes much greater, so that these levels
will become extensively mixed. The 9/2
strength is therefore likely to be pri-
marily in the strongly- fed triplet of 9/2
states at about 2 MeV. A similar splitting
is calculated for the
{+hl 1/2 41) 9/2- 11/2- 13/2—

Z181 keV, suggesting the state at
2196.5 keV is also 9/2 ; however, we might
then expect. this state to feed the mg7/2
s,tate at least weakly. Nevertheless, we
see deexcitation of the 2196.5-keV state to
numerous 21 coupled states, as would be ex-
pected from a {7th11/2 &&41) configuration.
Other 9/2 states will arise from
(LTd3/2 x3] ) at about 2043 keV and (T(g7/2 &&31)
at about 2056 keV. These five 9/2 states
near' 2 MeV may be strongly mixed with one
another and additionally are most likely
mixed with the 1676.5-, 2018.8-, 2064. 9-,
2092. 1-, and Z196. 5-keV states. The 11/2
and 13/2 members of these configurations
may include the 1213.9- or 1306.0-keV low-
lying states and the numerous well mixed.
states above 2 MeV, where they cannot be
directly identified.

Posi ti ve-pari t.g 80ate8
The expected low-lying positive-parity

states in 14 3Eu are again shown in Fig. 9.
These states are all expected to give
poorer (not s o s imp le) weak- coupling de-
scriptions, and we are not aware o f spe-
cific calculations for 'these states. The
assignments of the positive-parity states
below to the weak coupling system will be
made primarily on the basis of the excita-
tion energy and the decay systematics of
these states. Al' first- forbidden transi-
tions to low-lying states are expected to
be observable, and some first-forbidden-
unique transitions may also be seen.

The (md5/zx21) states should lie at
=768 keV in 143Eu. They should deexcite
strongly to the md5/2 ground state by
EZ{+Ml) transitions. The state at
906.96 keV is probably the (Ttd5/2 & 21) ~/2+
component, and e ither the 1/2+ or 3/2 mem-
ber is seen at 812.9 keV. A third member
should be seen from 143Gdq decay; however,

GdG' apparently feeds it too weakly to
identi fy it in these experiments. I f the
812.9-keV state is 1/2+, we expect =64' o f
the p decay to feed this state directly.
Assuming the remainder goes to the unob-
served 3/2+ member, the net log f0 to
{md5/2 ~21) 1/2+ 3/z+ is 5.5, a bit 1ar ge
compared to our predictions for " Eug de-
cay but perhaps consistent with a partial
breakdown of the weak-coupling model for
this state.

The {vrg7/2 ~21) coup lings lead to ob-
servable 9/2+ and ll/Z+ states in the vi-
cinity o f 1040 keV which should be fed by

Gd~ decay. These states should deexcite
through the vrg7/2 s ingle-part icle state by
strong EZ transitions. The most likely
candidates lie at 1057.50 and 1256. 87 keV,
although no final assignments can be made
from these data. The logft's of 6. 5 and
6.9, respectively, are consistent with such
first-forbidden assignments. The
(m@7/2 ~21) 3/2+ state should also be seen
from '43GdG' decay, although it may mix
strongly with nearby states. No such state
is observed experimentally.

The (~d5/2~22) 9/2+ state is expected to
be observed at =1658 keV. It should deex-
cite strongly to the (vrd5/2~21) 9gz+ state,
although it may mix strongly with neigh-
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boring 9/2+ states. The most likely candi-
date lies at 1497. 7 keV. The 1ogft = 7. 2
for p decay to this state is similar to
that for the 906.96-keV state {7.3), as
would be expected. The {md5/2 &&22) q/2+, 3/2+
states might be the ones observed. at 1543.0
and 1723.6 keV; however, these states must
surely be mixed strongly with the nearby
states. The logft = S. 8 for g decay to
these states is comparable to that for the
lower- lying {md5/2 &&2 &) conf i gurat ions; how-
ever, little significance can be put on
this result at this time.

Numerous other positive-parity couplings
below 2 MeV can be suggested as shown in
I"ig. 9, and certainly most such, states are
observed in ~43Gd~ decay. No further
at tempts wi 11 be made to predict wh ich
states are composed of which principal com-
ponents; however, approximately the correct
number of states are observed to correspond
to the weak-coupling predictions,

Conc 7.hei one

The weak-coupling model has been shown to
give an excellent qualitative understanding

of the low-lying level structure in ~43Eu.
The {~hq q/2x2~) quintet appears in its en-
tirety and offers excellent quantitative
agreement with the predictions of Meyer-
ter-Vehn. The low-lying positive-parity
states and the multiplet of 9/2 states at
-2 MeV are also well reproduced. Neak
coupling seems to be at least approximately
valid for the nonunique-parity level
couplings, and the p decay systematics fit
quite nicely with these general arguments.
Although more detailed calculations might
in some instances prove helpful, it isstill most desirable to identify the re-
maining members of the part i al ly ident i fi ed
multiplets. To -this end Sm{p, 2ny) ~ Eu
in-beam experiments are planned by these
authors in the near future.
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