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V Gamma vibrations (Fig. 6-38) 

The occurrence of a rather low-lying K r = 2 +  band (y vibration) is a 
systematic feature in the spectra of the even-even deformed nuclei. A detailed 
discussion of this excitation is given for the case of 166Er on pp. 164ff.; other 
examples are illustrated in Fig. 4-7, p. 63 (16'Er), Fig. 6-31, p. 534 (I5'Sm, 
'54Sm), and Fig. 6-32, p. 536 (18sOs). The evidence on the excitation energy of 
this mode is collected in Fig. 6-38. A 
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Figure 6-38 Systematics of p- and y- vibrational frequencies for 150 < A < 192. The figure 
shows the energies of the lowest Km = 0 + , Z = 0, and Km = 2 + , Z = 2 intrinsic excitations. The 
data are taken from the compilation by Sakai (1970) and from: '76Hf (F. M. Bernthal, J. 0. 
Rasmussen, and J. M. Hollander in Radioactivity in Nuclear Spectroscopy, p. 337, eds. J. H. 

Giinther, P. Kleinheinz, R. F. Casten, and B. Elbek, Nuclear Phys. A172, 273, 1971). 
Hamilton and J. C. Manthuruthil, Gordon and Breach, New York, 1972); 182*1847186W (C. 

V The y-vibrational bands are excited in inelastic processes with enhanced 
matrix elements. For an E 2 excitation K = 0, I = O+ K = 2, I = 2, the 
appropriate single-particle unit for the transition probability is 2BW(E2) .  (See 
Eq. (3C-38) for the definition of B,(E2) and Eq. (4-92) for matrix elements 
in the rotational coupling scheme.) Values of the observed E2-transition 
probabilities are given in the examples referred to above, and are seen to be A 

✓ Systematically appears in the 
even-even deformed nuclei 

✓ Low-frequency quadrupole 
vibration along the γ direction 

✓ Soft mode of the triaxial 
deformation

universality of emergence of the collective mode 
across the nuclear chart

How about in neutron-rich deformed nuclei?
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Supplementary Figure 2 | Predicted isoscalar quadrupole deformations. Survey of mass 

(isoscalar) quadrupole deformations calculated with six EDFs:  SkM*, SkP, UNEDF1, SLy4, 

UNEDF0, and SV-min. 
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J. Erler et al., Nature 486(2012)509

Collectivity around 170Dy66 104

Middle of the major shells between 132Sn and 208Pb

✓ Effect of neutron excess on the occurrence of γ-vibration 
✓ Shell structure in neutron-rich medium-heavy nuclei

neutron number
82 126



Decay spectroscopy at RIKEN RIBF: EURICA
H. Watanabe et al., PLB760(2016)641

Long-lived isomeric state

Ground-state rotational band

Possible gamma band

Gd Dy Er Yb

Sudden decrease in the 
excitation energy at N=106

172Dy106
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Hartree-Fock-Bogoliubov (HFB) like equation

“s.p.” hamiltonian and pair potential:

response to the weak external field        :

transition matrix elements:

w/ Skyrme + pairing energy-density functional
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Nuclear DFT for collective vibration

QRPA:
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softening of γ-vibration



Microscopic structure of the γ-vibration: isotopic dependence

@N=102
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Microscopic structure of the γ-vibration: isotopic dependence
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@N=106
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Microscopic structure of the γ-vibration: isotopic dependence
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Strong collectivity of the γ-vibration around N=108-110
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2qp matrix elements constructing the γ-vib.



Summary

✓ A sudden decrease in the excitation energy of the γ-vibration at 
N=106 was observed at RIBF for neutron-rich Dy isotopes. 

✓ The EDF-based QRPA calculations with the SkM* and SLy4 
functionals reproduce well the measurement. 

✓ The two-quasiparticle excitations of ν[512]3/2⊗ν[510]1/2, 
ν[510]1/2⊗ν[512]5/2, and ν[512]3/2⊗ν[514]7/2 play a major role 
in generating the collective γ-vibration. 

✓ The strong collectivity at N = 108-110 is expected as the Fermi 
level of neutrons lies just among the orbitals that play an 
important role in generating the collectivity around N = 106. 

arXiv:1607.07111
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