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High-Spin States in the One-Neutron Z = 40, N = 51 91Zr Nucleus
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The Z = 40 subshell closure in the Zr nucleus is not as prominent as for the N = 50 neutron shell, there-
fore mainly proton core excitations determine the structure of low lying states, among which the 5~ and 8+

isomers are distinguished examples. The same holds for the analogous semi-magic nucleus 68Ni, although with
reversed roles of the N = 40 neutron and Z = 28 proton closures. In the latter case the magicity seems to dis-
appear quickly when departing from the 68Ni core [1], however, a more detailed study of this phenomenon is
restricted by unfavorable location of nuclei in question in the very neutron-rich and hard-to-access region. The
situation is much more favorable around the 90Zr core, where nuclei can be produced by fusion reactions and
therefore can be studied in a broad range of excitation energy and spin values.

The 9IZr isotope having one neutron outside the 90Zr core is a particularly simple case allowing to study
the impact of this neutron on core excitations and transition from shell model states to more complex struc-
tures involving promotion of several protons across the Z = 40 and neutrons across the N = 50 gaps. Presently
the levels of 91Zr nucleus are known [2] up to the long-lived 21/2+ isomeric state which has a well understood
structure involving maximum spin coupling of the gin neutron with two protons promoted to the g$n orbital
above the Z = 40.

In a recent EUROBALL experiment performed at the INFN Legnaro we bombarded a 1.5 mg/cm2 48Ca
208target evaporated on a thick Pb backing with the 140 MeV Ca beam. At this beam energy the fusion reac-

tion followed by particle evaporation is by far the predominant process populating many, only fragmentarily
known, neutron-rich Zr, Y and Sr isotopes which are the subject of our study. Among them the 91Zr nucleus is
strongly populated in the 5n evaporation process with yield corresponding to approx. 15% of the 96Zr com-
pound nucleus decay. In spite of an obvious difficulty arising from the long 4.4 pisec half-life of the 21/2+ iso-
mer we were able to identify a very complex level scheme above this isomer by detecting delayed coincidences
and more importantly by observing several prompt gamma branches passing by the isomer. Examples of coin-
cidence spectrum with gate set on 1544 keV intense gamma transition preceding the isomer is shown in Fig. 1.
The details of the level scheme are presently a subject of an intense analysis, including the analysis of angular
distribution results [3], which should provide us with extended information on spin-parity assignments. We
anticipate that the level scheme will extend up to the range of 51/2 spin values where tentative results indicate
occurrence of fast collective transitions of apparent Ml character. This study will be followed by another ex-
periment using the same 48Ca + 48Ca system but at much higher bombarding energy, which should extend in-
formation to yet higher spin states.
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Fig. 1. Coincidence spectrum gated on
1544 keV transition pre-ceding the iso-
mer in 91Zr. Some strong lines from the
yrast cascade are marked by their ener-
gies.


