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Abstract

Results of (a,xny) and (Heavy Ion, xny) investigations of high-spin

excitations in spherical and transitional heavy nuclei are summarised.

Considerable progress has been made in studies of the level structures of

187,188 189 200,201,202
'   Pt and of Pb.  Investigations of the structure of the

146 146

Z = 64, N = 82 nucleus Wd  and of other nuclei consisting of the    Gd

core plus one, two or three valence nucleons are also briefly described.
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I.  Research Activities

The research activities of our group during the contract period can

be divided naturally into two categories.  On the one hand, we have pur-

sued our investigations at the Michigan State Cyclotron Laboratory of the

. 187,188.189
high-spin excitations of the transitional nuclei '   Pt and of the

200,201 202
spherical nuclei '   Pb. Several additional measurements were per-

formed aimed at completing these particular studies before the impending

shutdown of the MSU machine for the installation of the 500 MeV supercon-

ducting cyclotron.  The other line of research has concerned the structure

of Gd, Tb and Dy nuclei in the neighborhood of the N=82 closed shell.

These are collaborative studies which the principal investigator was in-

volved in during a sabbatical year 1977-78 at the Institut fUr Kernphysik,

KFA JUlich; some of the results have already been published and others are

being worked up towards publication at JUlich and at Purdue. Progress in

the various projects is summarised in the following sections.

The Light Pt Nuclei '   Pt187,188 189

We have expended considerable effort on unravelling the extremely

complex. level structures of these three Pt nuclei by (p,xny), (a,xny) and
,12C  C,xny) reaction spectroscopy and by radioactive decay spectroscopy.

The breakthrough in understanding the Pt high-spin level spectrum was
188

1)
described in our last annual report  , and the full level scheme is shown

in Fig. 1.  It is, as far as we know, the only nucleus in which rotation-

aligned states Jf vi123/2 or  hl /2'.character are observed:to de-excite

predominantly to the y-vibrational band. These Pt results were reported
188
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at the Dresden High-Spin Conference and at the 1978 Washington APS meeting:

they are currently being written up for publication.

Work onthe level structures of the two odd-A nuclei is also nearing
189

completioh and the resultifig level schemes are shown in Fig. 2.  The    Pt

level structure is particularly intricate with well developed odd-parity

bands as well as an extensive vi family of levels. In the case of13/2
187Pt, three weaker y-ray cascades, which are probably counterparts of the

189
odd-parity bands in Pt, were observed, but since we have been unable

to fit them together with the vi levels, they are omitted from Fig. 2.13/2
2)

These results have bden interpreted. in terms of the triaxial rotor model  ;

they illustrate rather niculy the gradual shape change from prolate to

187,189
oblate that occurs across the Pt isotdpes.  A paper on the Pt level

structure is also in preparation.

High-Spin Excitation Modes in Light Pb Nuclei

Earlier3  we explored the high-spin level spectra, up to I =29/2-, of

the five odd-A Pb nuclei in the A=195-203 mass range; the results formed

S. K. Saha's Ph.D. thesis, completed in January 1978.  We have gone on to

200 201 202
investigate the high-spin excitations of the nuclei Pb, Pb and    Pb

above the known 9- isomers in the even-A nuclei and the 29/2- isomer in
201

Pb.

Extensive y-y-t coincidence and t -RF timing measurements using (a,xn)

reactions on enriched Hg targets have yielded new and detailed high-spin

204
level schemes in all three nuclei. In contrast to Pb, which has no

4)known high-spin isomers , several isomers with half-lives in the range 20

to 180 ns have been located in each of the even-A nuclei.  The previously
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5)          +                       202
reported 200 ns 12  isomer at 3103 keV in Pb could not be confirmed;

instead, we identify a 21 ns isomer at 3238 keV as the 12  state of vi-2
13/2

200
character in this nucleus.  The corresponding state in Pb is found at a

slightly lower energy.

There are still definite problems in interpreting the established

level schemes and, particularly, in deciding the configurations·of the

several isomers-located above the 12  states in Pb and Pb. The main
200 202

difficulty is that ·the usual method of inferring transition multipolarities

from y-ray angular distributions has proved to be of limited usefulness

in nuclei containing so many rather long lived isomers.  In an attempt to

solve some of the problems, we performed in-beam conversion electron

measurements in our most recent run, but the results have not yet been

analyzed.

146
Excitation Modes in    Gd   and Neighboring Nuclei64  82

While the principal investigator was on sabbatical leave at KFA JUlich,

Germany, he collaborated in an interesting series of experiments involving

nuclei in the neighborhood of the N=82 closed shell.  On the basis of y-ray

angular distribution results, Kleinheinz et al. had interpreted the 1579
6)

146
keV first excited level in Gd as the 3- octupole state, and not a 2 

state as had been previously claimed.  It was desirable to test this con-

clusion using more widely accepted experimental methods.  Accordingly, in

the first experiments the K-conversion coefficient of the 1579 keV transition

was determined accurately by e  and y-ray measurements, and the half-life

of the 1579 keV level was determined as T = 1.06t0.12 ns. The results
1/2
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showed that the 1579 keV transition indeed had pure E3 character, and that

the 8(E3) value was 37+4 Weisskopf units, comparable to the large values

+
found for enhanced 3- + 0  transitions in the Pb·region. .These were

rather significant results establishing Gd, with Z=64, N=82, as the
146

208
only nucleus besides Pb with a 3 first excited state.

It then seemed important to determine.the true location of the lowest              I

+ 146
2  state in Gd.  In a specially designed experiment involving careful

144
Sm(a,2ny) threshold measurements, that 2  state was identified at 1971

keV - more than 300 keV higher than in any other N=82 isotone.  This re-

sult provided a strong indication that the energy gap in the single par-

ticle level spectrum at Z=64 is unusually large, perhaps as large as the

- gaps. observed at the magic numbers.

Subsequently, a more comprehensive study of the high-spin level struc-

146 147
ture of Gd and  

Gd by in-beam y-ray and electron spectroscopy estab-

lished detailed level schemes for the two nuclei to above 4 MeV excitation

energy.  An analysis using empirical single particle energies and two

nucleon interactions characterized all the observed energy levels as par-

cle-hole excitations (Fig. 3).  Most importantly, the observed energies of

pure 1 particle-1 hole states of the types 7rh  · d-1  and Trh -1  in
11/2 5/2 11/297/2

146
Gd showed that the Z-64 energy gap is approximately 3.4 MeV, which is

nearly as large as the well established N=82 gap.  The inferred proton and

neutron single particle level schemes for the Z=64, N=82 region are dis-

played in Fig. 3.

146
The above studies showed that Gd can be viewed as a doubly closed

shell nucleus and that the shell model might be as successful in describing

146
the excitation modes of nuclei consisting of the Gd core plus a few

208
nucleons as it has been in the neighborhood of Pb.  Accordingly,
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investigations of the previously unknown level spectra of the one-proton

147 148
nucleus Tb, the one-proton one-neutron nucleus Tb, and the two-

148
proton nucleus Dy were undertaken.  The analyses and interpretation of

the data for the Tb nuclei are still in progress but it is already clear                |

148
that the results will be interesting and unusual. The Dy study is

further advanced, and a preliminary report on the findings has already
+                     1

been published7).  In this nucleus, a complete j2-spectrum of wh2    0
11/2   '              i

++
2 ,---10  levels was observed and an effective #h charge of 1.53e was

11/2
++

extracted from the measured 10  + 8  E2 transition probability.  The re-                i

sults also provided a valuable extension of the 2  and 3- energy system-

atics for the N=82 isotones.

Apart from the intrinsic interest of the spectroscopy of these nuclei,

the establishment of accurate single particle level spectra for both pro-

ton and neutrons around Z=64, N=82 was important because it is this region  -

that a much discussed Copenhagen-Darmstadt experiment located an island8)

of high spin isomers. Many workers seem inclined to identi fy these isomers

as the yrast traps first suggested by Bohr and Mottelson  .  In a separate

investigation, we found that a-particle induced reactions on Sm targets

146 147
populate high-lying isomers in Gd and Gd, which are clearly identi-

cal to the two best established isomers reported by the Copenhagen-

Darmstadt team.  Moreover, we were able to show that these isomers have

rather modest spin-values (% 20 6).  Therefore, these two isomers cannot

be the very high-spin yrast traps theoretically predicted for this region.

Since the levels observed in these nuclei below 4 MeV are convincingly

explained in terms of shell model configurations of seniorities one, two

and three, it seems much more natural to interpret these isomers as
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as spherical shell model states of higher seniority.

It remains to be seen whether the other members of the reported

island of isomers could be the predicted yrast traps in deformed nuclei

rotating around a symmetry axis.  Studies of the detailed spectroscopy of

the nuclei above .the Z=64, N=82 shells should provide answers to this

topical question.

Summary-

The research performed during the contract period followed closely

the outline submitted in our renewal proposal.  The principal investi-

gator devoted approximately 40% of his time and effort to this project

during the period.
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Figure Captions

F i g. 1 The Pt level scheme
188

187 189
Fig. 2 The level schemes of the odd-A nuclei Pt and    Pt

Fig. 3 The Gd level scheme, configuration assignments and theoret-
146

ical level energies; the empirical single particle level spectra

in this region are also shown.
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