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Abstract. Low-lying oscillations of the intrinsic deformed shape of a 

nucleus remain an open challenge in nuclear structure. The question or 

challenge revolves around the viability of single or multiple quanta of 

vibrational excitations superimposed on the equilibrium, deformed shape 

of a nucleus. The K=2 or “γ” vibrations are fairly widespread and 

nominally conform to expectations whereas the existence of the K=0 or 

“β” vibrational excitation is yet to be distinguished from other possible 

origins including the coexistence of other potential minima. 

1 Introduction 

The 1975 Nobel prize in Physics was awarded to Bohr, Mottelson, and Rainwater with the 

citation that read “for the discovery of the connection between collective motion and 

particle motion in atomic nuclei and the development of the theory of the structure of the 

atomic nucleus based on this connection”. They were recognized for a geometric 

description of the nucleus from spherical, to deformed, and triaxial shapes with 

superimposed oscillations or vibrations of those shapes. There have been many advances 

since in describing nuclei in terms of sophisticated approaches and algebraic models but the 

question remains about the nature of the low lying oscillations in deformed nuclei. The 

lowest shape affecting oscillations are expected to be quadrupole in nature resulting in two 

types of vibrations, a “β” and a “γ” type of vibrations where one type of vibration is along 

the symmetry axis and the other is against it with a projection of K=2+ on the symmetry 

axis [1]. The “γ” type of vibration seems to be well characterized as the first excited K=2+ 

bands in deformed nuclei with typical B(E2) values of  several Weisskopf units (W.u.) 

connecting states to the ground state (g.s.) band. Today, however, some forty years later, 

the nature of the “β” or the K=0+ excitation is still unsettled. The topic has been discussed, 

questioned, challenged and redefined in numerous publications.  A part of the challenge lies 

in the paucity of data and also to a significant extent on the interpretation or 

characterization of what a “β” vibration is expected to be. Fig. 1 [2] shows the experimental 

situation in the rare-earth region of the chart of nuclides. The situation is accepted and 

fairly predictable for the first excited K=2+ bands but not so for the first excited Kπ=0+ band. 

Perhaps the most resounding criticism of labeling the first excited K=0+ excitations as a “β” 
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vibration built on the intrinsic ground state deformation, come from the coexistence 

approaches claiming that the first excited K=0+ band is in fact the minimum for a 

competing shape and therefore coexisting minimum in the potential. Other approaches 

include calculations using a five dimensional collective Hamiltonian for the quadrupole 

vibrational and rotational degrees of freedom where instead of solving a potential in β and 

γ, potential energy surfaces are calculated using Relativistic Mean Field theory [3-6]. In this 

approach, the first excited Kπ=0+ excitation often ends up being a mixture of many 

coexisting shapes.  There is also the constrained-Hartree-Fock-Bogoliubov (CHFB) theory 

together with a mapping to the five dimensional collective Hamiltonian, using the Cogny 

D1S interaction in the nuclear Hamiltonian [7,8].  The aim ofthis approach is the 

development of a theory of nuclear structure that is universal and includes spectroscopic 

calculations for nearly two thousand nuclei.  They find that many of the properties are 

strongly dependent on the intrinsic deformation. On average, the predicted energies of the 

γ band or excited K=2+ band are 12% higher than experiment whereas the predicted 

energies for the first excited 0+ state are systematically 50% higher [7]. The character of the 

first excited 0+
2 is interpreted either as a β-vibrational excitation or as shape coexistence 

depending on the relative quadrupole transition strengths. The result is a prediction of 0+ 

bands with β vibrational character for many well-deformed nuclei with 4+/2+ ratios 

approaching that of the axial rotor at 10/3 although they find coexistence to be more 

prevalent.  

 

Figure 1: Systematics of the first excited Kπ=2+ “γ” and Kπ=0+ bands in several rare earth 

nuclear isotopes as a function of the neutron number N along with their corresponding B(E2) 

values connecting the shown excited bands to members of the ground state band [2]. 

Our goal in this work is to discern the nature of the low-lying excited 0+ states in deformed 

nuclei. The Gd nuclei lie in the well-deformed rare earth region of the chart of nuclides 

with 4+/2+ energy ratios that vary between 3.0 and 3.33. In an earlier study [9], we had 

uncovered the existence of thirteen 0+ states in 158Gd with experiments at the Munich Q3D 

spectrometer. Here, we report on lifetime measurements of states in the 156Gd nucleus. The 
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