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Beyond mean field model

Particle ‒vibration coupling model (RPA+ PVC)
Quasi-particle RPA+PVC (QRPA+QPVC)
Relativistic quasiparticle time blocking approximation (RQTBA)
Second RPA model (SQRA)
Subtracted SRPA model. (SSRPA)
Generator coordinate model (GCM)
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RPA ground state is defined as

SRPA operator is

The basic idea is the same as the coupled cluster model 
with singlet (s)- and doublet (d)- pairs.



U(h1h2) is an anti-symmtrizer.



In the KS approach, the fundamental philosophy or the essential assumption is
EDF(in our case Skyrme interaction) is exact to produce the binding energy and the 
ground state density

In the adiabatic limit, ω→0

since a small amplitude limit of TDHF is RPA.



By using a time-dependent Kohn-Sham procedure as a  time dependent Hohenberg 
Kohn (HK) theorem (known as Runge-Gross theorem) gives  the energy dependent 
response function

→０ ω→ ０





Skyrme tensor interactions

PHYSICAL REVIEW C 103, 054308 (2021)



Spin-orbit density in Skyrme EDF

q=0 or 1 for neutrons or protons





SSRPAD:
Subtracted A22 matrix is diagonalized, but 
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Gamow-Teller states and 2particle-2hole configurations

Spreading of the Gamow-Teller Resonance in 90Nb and 208Bi
Nguyen Dinh Dang, Akito Arima, Toshio Suzuki, and Shuhei Yamaji, PRL79, 1638 (1997)



Phys. Rev. C 106, 014319/pp. 1-10 (2022) - (Published 28 July 2022) 



Dashed line RPA
Solid line SSRPA



Dashed line RPA
Solid line SSRPA







The quenching factor of Gamow-Teller strength
The cumulative sums are taken up to Emax = 25 MeV for 48Ca and 90Zr, 
23 MeV for 132Sn, and 25 MeV for 208Pb,

SAMi-T: tensor 1-4% more quenching
SGII+Te1: tensor 5-11% more quenching
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Summary

SS RPA(subtracted second RPA) model is applied to describe 
collective states of medium-heavy and heavy nuclei.

Low-monopole states are affected by the tensor force 
and get a better agreement with experimental data.

Gamow-Teller states of 90Zr and 208Pb are also studied by SSRPA 
and 2p-2states make a larger spreading width on top of the 
proper excitation energies compared with experimental ones.

Future perspectives

Ab initio EDF to apply SSRPA

Quenching (SGII): 48Ca    ~35% Ex<20 MeV
208Pb  30-40%  Ex<25 MeV

Continuum coupling is important to obtain the width and strength of Pigmy states

Self-consistent HF+RPA is a powerful tool to describe giant resonances 
and gives a bridge between terrestrial and astrophysical phenomena.

IS (IV) mode derived by IV (IS) correlations in N > Z iS-iV pigmy state



Nuclear energy density functionals grounded in ab initio calculations
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Toward ab initio determination of charge symmetry breaking strength of Skyrme functionals
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