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6. Description of the outputs 

⚫ Mass 40 region 

 The superdeformed band in 40Ca, which was observed about 20 years ago, still 

attracts much interest in the nuclear-structure community. The goal of this project 

is to fully understand the nature of various super- or largely-deformed states 

observed in the A ≈ 40 region. In this FY, we are devoted to discussing the origin 



of the extraordinary small E0 transition from the superdeformed 0+ state to the 

ground state in 40Ca that has recently been measured by our experimental group. 

Carrying out large-scale shell-model calculations developed by our theoretical 

group recently [2], we are successful in reproducing this very small E0 transition 

from a fully microscopic point of view. Very interestingly, the observed and 

calculated E0 probabilities in 40Ca are by two orders of magnitude smaller than 

that of 42Ca. 

 Thanks to the meetings supported by this project, we have reached the 

conclusion that what makes the E0 probabilities hindered in 40Ca is both a small 

mixing amplitude between the spherical and the superdeformed states and a 

destructive phase contribution in the E0 matrix element. In the usual case, only 

two states, the spherical and the deformed states, are relevant to the E0 transition. 

In this situation, the phase contribution does not appear. On the other hand, what 

is unique in 40Ca is the appearance of three kinds of deformed states, spherical, 

normal-deformed, and superdeformed states. In such a particular case, the phase 

degrees of freedom make sense, thus causing the observed small E0 probability. 

This finding is a novel feature of the E0 transition, which is known as a good 

probe of deformation from a classical point of view. We are now writing a paper 

for publication. 

⚫ Mass 130 region

In this FY, we concentrated on discussing what is the implication of the

magnetic and quadrupole moments of the 11/2− isomeric state in 133La that has

recently been measured by our experimental group. It is well known that the h11/2

orbital plays a crucial role in some unique collective properties appearing in this

region, such as the chiral bands. Since this isomeric state has Jπ=11/2−, its nuclear

moments are good probes for identifying the h11/2 single-particle nature and the

coupling to quadrupole collectivity. The measured g factor, 1.16(7), and the

absolute value of the Q moment, 1.71(34), are well reproduced by our large-scale

shell-model calculations. The comparison between experiment and theory

indicates that this 11/2− isomeric state is dominated by a proton coupled to a

modest prolate deformation with β ≈ 0.2. Its low excitation energy, 535 keV, is

caused by both proton shell evolution and quadrupole collectivity. This result has

been published as a collaborative paper in Physical Review C [1].




