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Detailed spectroscopic studieg of the discrete y-rays fee-
ding the 550-ns isomer at 8.590 MeV in 147Gq are reported.

The resulting decaf scheme indicates single-particle nature of
ﬁhe states up to the highest observed spin 79/2 h at 16.938
MeV of excitation energy. Comparison with Deformed Indepen-~
dent Particle Model calculations makes it possible to sug-
gest configuratign assignments to many of the levels, Five
neutrons and six protons with their angulaf momenta aligned

-

form the highest yrast states.
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1. Introduction

The reqular rotational spectra of well deformed nuclei and
the irregular ones of spherical shell-model ngclei exemplify
twoiradically different ways of accomoddting angular momentum
in nuclei. 1In prolate deformed nuclei large amounts of angular
momentum are accomodated with a minimum cost in excitation
energy through collective rotational motion, while in spherical or
oblate deformed nuclei it is achieved by aliqgnment of the orbital
anguliar momenta of the least bound (vélence) hucleonsl). The two
schemes are, however, npt mutually exclusive. .Pure collective
rotation becomes uneconomic at high rotational frequencies, and
single-particle angular momehtum begins to confribute to thé total
spin through the mechanism of rotational aliqnmentz). Similarly,
alignment of valence nucleons in a shell-model nucleus is equivalent
to the formation of a "Saturn ring™ of orbi;ing particfés which induce
macroscopic oblate deformations thereby opening the possibility for
collective motion. One might £herefore expect the two mechanisms for
generating angular momentum to play their role in a cooperative
fashion. Pure yrast spectra of either single particle or collective
type should be rare. _

This report presents results from 14764 with N=83 where
.~ the yrast angular momenta are constituated exclusively by
alignment of single particles. Although five aligned nucleons
| suffice t§'generate a macroscopic (oblate) deformation with
e =~ {(-) 0.18 and spin &9/2,3) the yrast structure Lp to spin
79/2 at almost 17 MeV of excitation is dominated by further

alignment of nuclecons involvinq@altogether eleven aligned

particles.
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2. Experimental technique

The levels of 147Gd'were'popu1ated by the 122Sn(3osi,5n)
reaction with beams from the Argonne suyperconducting linéé;
Bombardinéienergies of 145, 153 and 161 MeV were used for a
rough excitation furction, Thé target had a thickness of 1
mg{pmz 1228n evaporated onto a_Sb mg/cmz'foil of 208§b thus
stopping the recoiling evaporation residues within 2 ps. The
results presented here were obtained at 153'MeVAwhere the
maximum angplar momentum to the compound ndcleus is 64 h, and
tpe Q-value favours the 5n channel at the highest spins. At
this energy an analysis of the singles spectra measured at
550 ;hows that the 550 ns isomer is populated with a éroba—
bility which is 80% of the total channel yield. This high
yield, and the fact that neigbouring’puclei do not have long-
lived isomers, makes the Ty = 550 hs, I = 49/2 h-isomer at
8.590 MeV in 147¢4 a unique case for studying yrast levels
at even higher spins. By a pulsed beam technique it was’
required that the transitions observed from the decay of the
compound nucleus were followed by several delayed transitions.

The 147Gd reaction channel then comes out clearly, and a

separation of the transitions for I > 49/2 h from the complex"

decay4'5) between this level and the ground'stﬁte is ob-
tained.

The experimental setup consisted of four lérge Ge(Li)
detectors at anéleé 730°, 150° and 210° and an array of
14 Na1i(Tg) detecfors coveriﬁg 47% of 4n. A valid event
was defined as a two-fold Gé coincidence within a beam burst
followed by a two- or hlghef—fold delaved event recorded 1n

the Nal-array. More than 3% m11110n events of this type,



which starts the spectroscopy at spin 49/2 h, were recorded,
In a subsequent experim;nt employing thé same delayed.
trigger technique and the same target, angular distributions
of the y-rays Eegding the I = 49/2 h lgvel were measured
over the ahgles 0°, 23°, 45°, 60° and 90°. A single gamma-x
detector {17%) surrounded by a symmetric anti Compton shield,
made from bisﬁuth germanate,—pgplaced the four Ge(Li} counters
in Lhis measurement, The distance between the target ané the
surface of the.gamma-x crystal was 10 cm.
Finally, spectra were measufed at 0° with the same

2

counter arrangement but with a special 300 ug/cm” self-

-

supporting 1224, target foil. From this target the recoi-
ling evaporation residues could fly freely for 125 and 600

ps, and the spectra were.analyzed for Doppler-shift effects,

3. Results
Tﬁe selectivity of the experimental technique is illu-
strated in fig.l. The upper panel shows the spectrum of:
all y-rays following the 1223n + 3051 reaction at 153 Mev
while the middle and lower panels show the feeding and the de-
populating lines, respectively. The highly improved peak to

background ratios also include the effect of the anti Compton

N

shield.

L}

Comparisons of the 0° spectra obtained with the diffe-

rent target arrangements show that all the observed y-rays

are emitted later than 2 ps, but for transitions above I = 59/2

h earlier than 125 ps after fusion. This is a strong indi-

cation that all y-rays ére of single-particle nature be-
cause a typical rotat1o#al cascade of stretched E2 transi-

|



Counts per Channel x10°

tions terminating with a EY’> 500 keV transition at about

spin 25 h is emitted within less than 2 ps. This result is
corroborated by analysis of the y-y coincidence spectra
which shows no evidence of regular sequ;nces of rotational
transitiéns. ‘

angular distribution typical of stretched E2 transitions.

In addition only few lines are found to have the

delayed trigger and prompt with respect to the beam. The
lower panel shows the y-spectrum in the beam off period and
in coincidence with the delayed trigger. The two lower spec-
tra are compton suppressed.

Fig.2 shows the main features of the decay based on_the

l

c01ncldence and anqular dlstrlbutlon measurements, Selected

examples of the angular: dlLtrlbutlons are shown in f1q 3.
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" 4. Discussion

The level structure ,from 49/2% to the 59/27 level at
10.995 MeV agrees with the results of rgf.S). Beyond spin
69/2 a drastic decrease in the y-ray intensity with in-
creasing spin is observed. This appears to be connected
with a strong dispersion of thg cascade pattern abové this
spi& irn analogy with previous observation at lower spins'in
neighboﬁring nuciei’).

Spin and parity assignments.come from the anqular distri-—
butions assuming stretched caséades. Consistency within
1;ops in the decay scheme, where strong, pure X=2 transi- -
tions (1103.4, 1056.1 and B808.9 MeV) and pure A=l transi-
tion; (246.2, 372.7 and 259.6 keV) are the main building
) bricks, provide the spin and parity assiqnments'ué to the
59/2° isomeric level at 10,995 MeV. ‘fhe pure a=1 233.9
keV transition and the A=2 543.6 keV with a half life of ~
25 ps, ref.s), assigns 61/2° to the 11.234 MeV level,

Both the 976.4 and the 618.6 keV doublet are pure A=2 with
half lives ®) that exclude M2 and assign 65/2° to both the
11.853 and the 12.210 Mev levels.

Parity assignments to the levels beyond these have not
been'poséible because Of the Ml1/El ambiguity iq the A=1
angular distributions. The 215.5 kev transitioﬁ at i=73/2 h
is either an unstretched dipole or a stretched quadrupole
transition, but ‘an E2 trapsition would implf ti(s.p.) ~ 10
ns which is not.observed;LnB leaves Aa=1 (AXI=0) as the only

choice.
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Fig.4. Comparison of the observed yrast level sequence from
ref.4 and the pfesent work with model calculations by T.
Dessing et al,8/,

Fig.4 is a comparison of the observed yrasf level sequence

with the results of a model calculation of Dassing, Neergaard

and Sagawaa) It- is a Deformed Independent Particle Model

calculation with inclusion df pairing, where the effect of

further residual interactio& is described in terms of a defor-

‘
|
)

mation of the binding field. The minimum enerqy and the de-

formation of each trial con%iquration is determined varia-



~tionally. This model is expecteé to be particuiarly realistic
in describing the stretched confiqurations. The numbhers of
Y .

(mofe or less stretched) particles contributing to the wvarious
segments qQf the'tﬁeoretical yrast line are indicated on fiqg.4,

From spin 49/2 thesc configurations are oblate deformed with
e typically around -0.2, whgreas at lower spins they.are
nearly spherical. '

As one sees from fig:4, there is rather gqood agreerent
between calculated and experimental yrast energies, In ordec
to see whether the agreement extends to the actual configqu-
rations of the states, we have made a detailed analvysis of the
transition rates and branching ratios of the gamma ravys
feecding the 49/2 isomeric state, which we assume to have the
v(f7/2h9/2113/é)n(h11/z)2 stretched configuration., The
lifetime measurements of ref.®) have been included in this
analysis. _

On this basis we suggest that the level sequence 51/2+,

53/2%, 55/2% and 57/2% terminating at 10.749 MeV has tne

multiolet structure

. -2 2
vifg/9bg /5813, w(dg, 57 “hyg 57).

.

For the S51/2% level at 9.509 MeV depopulated b§ the mixed

(M1+E2) 919.1 keV transition we suggest the structure

C -1, -1 2
viE7 209 2t13/2)™d5 5 T97/2 TRy 070



This implies AL=2 and hindrance for M1, but can explain the
25% £2 admixture for the 919.1 kev transition.

The 53/27 level at 9.882 MeV we propose as

w(Eq,909/2113/2) 1(hy1/2%) @ 37

This level decays to the 49/2" with the.mixed (M2+E3) 1291.9
keV transition. The reduced transition probability of the E3

is
B(E3) = (432) - 10% eZfmb

as compared to the 997.,4 keV transition to the ground state

(E7,2 3 37 > £9/)
B(E3) = 5.6 - 10% e2fm®

Intrinsic configuration assignments beyond these levels become
increasingly speculative, but the pure 808.9 keV stretched E2

and the 0.8 ns half life of the 10.995 MeV level suggests‘

57/27 & v(fq 1137520 0(dg /5720 /52)
4 . *
and )

- ; -1 3

or

» - -1, - 3
vifq/5hg/0i13/9)nldg 57 "hyq /57)

to the 10.690 MeV and 10.9§5 MeV levels respectively.

H
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At the-hiqhest spins as much as 11 pafticles, 5 neutrons and 6
protons, are contributing, and the structures are probably of

the type

—l : . 2 .. - ’ 3
V(@357 87909 /511328 15 570k 000

Recent calculatjons by Chasmang) have also. been gom;
pared to the data, and the ;oéa agreement of these indepen-
dent predictions of leVel,spins and energies suggests that
unique structure aséiqhménts will be possible ne€ar spin 40

and 17 MeV of excitation energy when more spectroscopic

details are ohtained.

5. Conclusion

The main result of thlS study 1is the experimental iden-
tification of yrast states of very high spin values with
excitation enerqy reachlng approxlmately 17 ¥eV. There is no
indication of collectlve motlon contributing to the bu1lduo of
the togal angular momentum. On the contrary, the gamma-decay
pattern remains typ1ca1\of emission from 51ngle-part1cle exci-
ted states. This is in contrast to studies of unresolved
y—spectralo) at these and higher spins which include tran-
sitions above the yrast line and suggest the presence of col—.
lective structures. The yrast energies meaéuréd in the pfe-
sent work agree on thé’a;erage with the energies expécfed
for a system of. independént nucleons”wi;b ohlate deformation
€=-0.2 and with the spxn p01nt1ng parallel to the symmetry
axis. The highest obserbed state appears to result from the

alignment of eleven nuclLons, f1ve neutrons and six protons.

0
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The nucleus 147G8 Ehus offers an example of “fopation'

of a fermion system, where the entire angular momentum is

carried hy the least bound parti;iés 6rbiting in.saﬁejplape

around Ehe core, inaucing a coﬁsiderable oblate deformation.
This work has been §uppprteé by'the_Daniéh Natural Science

Research Council and the U.S. Department of Energy under

contract no. W-31-109-ENG-38.
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