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Abstract
Results of (a,xny) and (Heavy Ioh, xny) investig&tions of high-spin
excitations in Spherica] and transitional heavy nuciei are summarised.
Considerable progress has been madelin studies of the level structures of
187,188,189 and of 200,201,202py, Investigations of the structure of the

146-GI

Z =64, N=282 nuc]eds 14'G'Gd, and of other nuclei consisting of the d

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



' sphekica] nuclei

described in our last annual report

I. Reseafch Activjties

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 Laboratdry of the

187,188,189

high-spin excitations of the transitional nuclei Pt and of the

200f20]’202Pb. Severa]'additiona]vmeasufements were per-
formed-aimed at completing these particular studies before the impending
shutdoWh of the MSU machine for the installation of the 500 MeV supércdn-
ducting cyc1otrdn. }he other line of research has concerned the structure
of Gd Tb and Dy nuclei in the ne1ghb0rhood of the N=82 c]osed shell.

These are co]]aborat1ve stud1es wh1ch the pr1nc1pa1 1nvest1gator was in-
volved in during a sabbatical year ]977778 at the Institut fiir Kernphysik,
KFA Jiilich; some of the resu]fs have already been published and others are

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

the various projects is summarised in the following sections.

‘The Light Pt Nuclei '°7-188:18%

wé have expended considerable effort on unravelling the extremely
complex level structures of these three Pt nuclei by (p,xny), (a,xny) and

(TZC’an) reaction spectroscopy and by radicactive decay spectroscopy.

The breakthrough in understanding the ]88Pt high-spin level spectrum was

1)

, and the full level scheme is shown

in F1g 1. It is, as far as we know, the only nucleus in which rotation-
-2 -2

aligned states of v1]3/2 or "h11/2 character are observed: to de-excite

predominantly to the y-vibrational band. These ]88Pt results were reported



“ These results have béen interpreted. in terms of the triaxial rotor model

. oblate that occurs across the Pt isotopes. A paper on the

at the Dresden High-Spin Conference and at the 1978 Washington APS meeting:
they are currently being written up for publication.
work_on"the level structures of the two odd-A,nuc1ei is also nearing

189
e

completion and the resulting level schemes are shown in Fig. 2. Th Pt

level structure is particularly intricate with well developed odd-parity

.bands as well as an extensive vi]3/2 family of levels. In the case of

]87Pt, three weaker Y-ray cascades, which are pkobab]y counterparts of the

odd-parity bands in ]89Pt, were observed, but since we have been unable

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

2),

13/2

they illustrate rather nicé]y the gradual éhape change from prolate to
]87’]89Pt level

structure is also in preparation.

High-Spin Excitation Modes in Light Pb Nuclei
3)

Earlier™ we explored the high-spin level spectra, up to Iﬂ=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

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

above the known 9~ isomers in the even-A nuclei and the 29/27 isomer in
2015
Extensive y-y-t coincidence and ty-PF timing measurements using (a,xn)

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

level schemes in all three nuclei. In contrast to 204Pb, 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



-3-

A reporteds) ZOQ ns 12+ isomer at 310§;kev in 202Pb could not be éonfirmed;
instead, we identify a 21 ns iﬁomer'at 3238 keV as the 12+ state of viig/z
characfer in this nucleus. The corresponding state in 200Pb is found at a
slightly lTower energy. |
There are still deffnite pfob1ems in interpreting thé established
-Tevel schemes and, particu]ar]y, in detiding the chfigurations.of the

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

difficulty is that -the usual method of inferring transition multipolarities

from y-ray angular distributions has proved to be of Timited usefulness
in nuciei tontaining so many rather long lived isomers. In an attempt to
solve some of the problems, we pekformed in-Beam conversion electron
measurements in our most recent run, buf the results have ﬁot yet been
analyzed.

146

Excitation Modes in . 64Gd82 and Neighboring Nuclei

‘While the principal investigator was on sabbatical leave at KFA Jiilich,
- Germany, he c011aboraﬁed in an interesting series of experiments invd]ving
nuclei in the neighbofhood of the N=82 closed shell. On the basis of Y-ray
.angular distribution results, Kleinheinz et a1.6) had interpreted the 1579

keV first‘excited level in 146

Gd as the 3~ octupole state, and not a 2t

state as had been previously c]ajmed. It was desirab]é to test this con-
clusion using more widely accepted expgrimenta1 methods._ Accordingly, in

the firstAexpéfiments the K-conversion coefficient of the'1579 keV transftion

was determined accurately by e  and y-ray measurements, and the half-1ife

of the 1579 keV\1eve1 was determihed as T]/2 = 1.0620.12 ns. The results



showed that the 1579 keV transition indeed had pure E3 character; and that .
the B(E3) value was 374 Weisskopf units, comparable to the large values

found for enhanced 3~ ~» 0" transitions in the Pb-region. .These were

146

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

208

on1y'nuc1eus besides “  Pb with a 3™ first excited state.

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

146

2" state in Gd. In a specially designed experiment involving cakefd]

]44Sm(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 ehergy‘gap in the sing]e.par-
ticle level spectfum at Z=64 is unusually large, perhaps as 1ar§e as the
gaps. observed at the magic>ngmbers. |

Subsequent]y, a more comprehensive stUdy‘of thé high-spin level struc-
ture of ]46Gd and J47Gd 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 bartic]e energies and two
nucleon interactions chéracterized a11'the'obsefved energy levels as par-
cle-hole excitations (Fig. 3). Most importantly, the observed energies of
pure 1 particle-1 hole states of the types ﬂh]]/zq;}z and nh]]/zg;}z in
]46Gd showed that the Z-64 energy gap is approximately 3.4 MeV, which is
nearly as large as the well established N=82 gdp; The inferred proton and
neutron single particle level schemes for the =64, N=82 region are dis-
played in Fig. 3¥

146

The above studies showed that Gd~cén'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 consistihg of the Gd core plus a few

nucleons as it has been in the neighborhood of'208Pb. Accordingly,




‘investigations of the previously unknown level spectra of the one-proton
nucleus ]47Tb, the one-proton one-neutron nuc1¢us ]48Tb, and the two-
proton ndc]eds ]480y were undertaken. The analyses and interpretation of
the data %or the Tb nuc]ei-are still in progress but it is already c]ear_
“that the results will be interesting and unusual. The ]48Dy study is

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

. been'pub1ished7).' In ‘this nucleus, a complete j2-spectfum of ﬁh?]/Z 0+,

2+,---]0f levels was observed and an effective ﬂh]]/z charge of 1.53e was
extractéd from the measured TO+ +'8+ E2 transition probabi]ity. The re-
sults also provided ; valuable extension of the 2+ and 3~ energy system-
atics for the N=82 isotpneg.

Apart from the intrinsic‘intereéf of the'spectroscoby 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

8)

" that a much discussed Copenhagen-Darmstadt experiment™’ located an island

of high spin . isomers. Many workers seem inclined to identify these isomers
9)

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

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

]466d and ]47Gd, which are clearly identi-

popu]ate high-lying isomers in
- cal to the two best established isomers réported by the Copenhagen-
Darmstadt team. Moreovér, we were able to show that these isomers have
rather mode;t spin-values (v~ 20 h). Therefore, these two isomers cannot
be fhe very high-spin yrast traps theoreticé11y predfcted 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



- | | 6.

as sphericq] shell ‘model states ofAH%ghér seniority.

It reméins to be seen whether the other members of the reported
island of i;omers could be the predicted.yrast traps in deformed nucléi
rotating around a symmefry axis. Studies of the detailed spectroscoby of
the nuclei above the Z=64, N=82 shells should provide answers to this

topical questioh.

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.

P
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Figure'Captions

Fig. 1 The ]88Pt level scheme
Fig. 2 The level schemes of the odd-A nuclei 1875t and 8%t
Fig. 3 The ]46Gd level scheme, configuhation assignments and theoret-

ical level energies; the empirical single particle level spectra

in this region are also shown.
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Phys. Rev. C 16 (1977) 2159
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p. J. Da]y and P. Kleinheinz, Z. Physik A285_(1978) 423
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Particle Hole Yrast States in
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Extensive v1]3/2 Level Families in Pt and Pt, Am. Physical Society,

Nashington; D.C., April 1978; absfract published in Bull. Am. Phys. Soc.

23 (1978) 628 - given by C. L. Dors.

Gd, P. Kleinheinz, M. Ogdwa, R. Broda, P. J. Daly, D. Haenni, H. Beuscher
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High-Spin Level Structure of Pt,”Am. Physical Society,'Washington; b.C.,
April 1978; abstract pub]ished in Bull. Am. Phys. Soc. g}_(]978) 628 -

given by C. L. Dors.

A Touch of Magic at Z=64, Physics Departmental Colloquium, Jyvdskyld.

University,AFin1and, May 1978 - given by P. J. Daly.

A Touch of Magic at Z=64, Nuclear Chemistry Seminar, Purdue University,

Sept. 1978 - given'by P. J. Daly.

-Nuclear Shells, Shapes and Structures, Physical Chemistry Seminar, Purdue

Univeréity; October 1978 - given by P. J. Daly.

A Touch of Magic at Z=64, Nuclear Physiﬁs Seminar, Argonne National Labor-

atory, November 1978 - given by P. J. Daly.




