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1. Area of Interest
1. Nuclear deformation

2. Shape coexistence, proxy-SU(3) (e.g., 156Sm, 166Dy, 176Yb ...)

3. The isotopes of 70Yb with Α~170 appear to have 
rotational properties
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2. Motivation
• Lack of experimental data for lifetimes of 178Yb and energy states in unstable 

180Yb

• Focus on the calculation of B(E2; 0+ -> 2+) values, related quadrupole moments Q 
and deformation parameter β2, which exhibit quadratic distortion

• The results are compared to available experimental data1 and can serve as a guide 
for future experimental studies in the unstable neutron–rich Yb isotopes
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3. Related Quantities & Theoretical 
Models

✓ The intrinsic electric quadrupole moment (Q0) is defined in the intrinsic frame of the nucleus. The 
reduced electric quadrupole transition probability B(E2) contains information about the structure of the 
low–lying levels of nuclei. Another quantity that is quite useful, despite being model–dependent, is the 
deformation  parameter, β2

✓ Nine (9) theoretical models were used in this work: PhM, FRDM, HFBCS-MSk7, HFBM-Gogny, RHF-NL3∗, 
HFB–UNEDF1, IBM-1 and the recently developed Proxy and Pseudo SU(3) Models

✓ Numerical results for energy ratios with  the  Exactly  Separable  David-son (ESD), Exactly Separable 
Morse, Exactly Separable Woods Saxon, Deformation Dependent Mass Davidson (DDMD) and 
Deformation Dependent Mass Kratzer (DDMK) 
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Interacting Boson Model (IBM-1) Calculations

Α. Zyriliou et al., (2021) (under review)
E. A. McCutchan et al. Phys. Rev. C, 69:064306 (2004)

For each NB (NB = 12 - 17) nearly 20'000 calculations have been carried out with the IBAR program. Results 
were obtained by fitting five ratios to experimental data for each isotope. The method leaves ζ and χ as  free 

parameters in the range (0.00 to 1.00) for ζ and (− 7/2  to 0.00)  for χ with step 0.01, where χ= − 7/2 is the 
limit of SU(3) symmetry.
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Interacting Boson Model (IBM-1) Calculations

Lack of experimental data!
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mid-shell N=104



These specific ratios can explain the low–spin structure of the collective even–even 
nuclei.

max boson number, sub-shell closure

Rotational limit R4/2=3.33
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Interacting Boson Model (IBM-1) Calculations



4. Results for 164-180Yb isotopes 
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4. Results for 164-180Yb isotopes 
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4. Results for 164-180Yb isotopes 



5. Conclusion & Future Steps
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✓ The nuclear properties of the Ytterbium isotopes and their evolution as the neutron 
number increases has been the major subject in this work

✓ The collective behavior of the even–even 164−180Yb isotopes was investigated using 
several well–established theoretical models in synergy with available experimental data. 

✓ The nuclear observables examined in this work (energies, reduced transition probabilities 
etc.) for a number of permanently deformed Yb isotopes are calculated in agreement 
with available experimental results

✓ Predictions have been made for some observables of 178,180Yb isotopes for which no 
experimental data currently exist

✓ We hope this work can serve as a reference point for future experimental and theoretical 
work in this mass region, which will provide useful information towards understanding 
the nuclear structure as one moves closer to the neutron dripline

✓ It can also serve as useful input for incorporating nuclear structure in models for nuclear 
astrophysics processes that involve Yb and other neighboring nuclei (e.g. Hf) in their 
pathways to produce heavier-mass isotopes in the Universe
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