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• from shell model  
- OAI mapping (1978)


• applied to vibrational and γ-
unstable nuclei


• general cases (strongly-
deformed nuclei) ?


• new development (2008):

Microscopic study of IBM



… universal, microscopic description of intrinsic properties of arbitrary nuclei

(Near) Spherical DeformedTransitional

Self-consistent mean field: DFT

Calculation of spectra within DFT is demanding → Construct IBM from DFT?



3. Diagonalise the mapped IBM Hamiltonian in lab. frame  
→ Observables (energies, electromagnetic transitions, etc)

1. Potential energy surface 
obtained from constrained 
SCMF (HFBCS, HFB)

2. … mapped to expectation 
value of the IBM Hamiltonian  
→ IBM parameters

Nucleonic Bosonic

DFT-to-IBM mapping



Derived parameters for Sm isotopes



Energies



… some properties of deformed rotational nuclei 
are not satisfactorily accounted for by the IBM

… which is due to the SD truncation

… Problem with deformed rotor

… validity of (sd-)IBM for rotational nuclei?



Moment of inertia of deformed 
nuclei is underestimated 
→ some correlation is missing

Boson mapping for deformed nuclei

Parameters 
determined from 

PES

Coefficient α 
determined from 

cranking 
calculation

To correct the difference, 
rotational LL term is introduced:

K.N., T. Otsuka, N. Shimizu, L. Guo, Phys. Rev. C 83, 041302(R) (2011)

Sm



Microscopic formulation of the IBM covering deformed nuclei is now complete! 

w/o LL w/ LL



Recent progress (1/4): Triaxial nuclei
Microscopically implemented three-body boson terms; addressed 
relation between γ-rigid and γ-unstable pictures



Recent progress (2/4): octupole-deformed nuclei

Mapping from relativistic 
DFT to sdf-IBM; first 
DFT-based calculation
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Recent progress (3/4): Shape coexistence

ex1: Invited review article on Pb-Hg 
region (2016)

Developed a new IBM code incl. particle-hole excitations: extend 
the frontier of microscopic study of shape coexistence

ex2: identified intruder 
states out of “vibrational” 
spectra of Cd isotopes 
(2018)



Recent progress (4/4): Odd-mass systems
✓ Using DFT calc. as input, number of free parameters in the 

interacting boson-fermion model is dramatically reduced;

✓ overcome one of the theoretical challenges

K.N., T. Niksic, D. Vretenar, Phys. Rev. C 93, 054305 (2016) + 7 others



Mean-field derivation of IBM - summary

• IBM is derived for general cases, and attains predictive 
power;


• IBM and DFT mean-field can be “friends” (a brand new 
DFT-based approach to nuclear spectroscopy is 
developed);


• an accurate, systematic, and computationally feasible 
prediction of exotic nuclear shapes and spectroscopy 
(octupole, shape coexistence, etc.)
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