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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)

Todayʼs topics
SSRPA for Gamow-Teller  giant resonance and beta decay

Targets of Second RPA

・ Spreading width of giant resonances
・Quenching of spin-isospin excitations.
・Low-energy pigmy states

SSRPA is based on  a proper idea of the EDF theory since it is designed 
for the mean field model applications (HF, RPA).

D. Gambacarta, today   
E. Letvinova, Friday

G. Colo
Yifei Niu, Monday



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.

SRPA phonon operator

Equation of motion give 
SRPA matrix equation

𝐻,𝑄! = ℏ𝜔𝑄†



U(h1h2) is an anti-symmtrizer.





Skyrme tensor interactions
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Dashed line RPA
Solid line     SSRPA
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SGII and SAMi are 
specially designed for 
spin-isospin excitations
(Landau parameter gʼ)



Te1               Te2             Te3
(T,U)=(500, -350)      (600, 0)       (650, 200)



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  5-10 % more quenching

Triplet-odd tensor plays an effective role to
Increase the quenching.



Magnetic dipole transitions and  𝑀 𝜎𝜏 strength in 48Ca and 90Zr in SSRPA

Mingjun Yang, Chunlin Bai and HS

Triplet-odd tensor for the spin-orbit splitting of p-h excitations 
of the same particles

Preliminary
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T. Naito, this morning



Concept of Isospin proposed by J. Heisenberg, 1932 and E. P.  Wigner, 1937

Isospin conservation [H ,T ]= 0
[H ,T ]= [VC +VCSB +V CIB ,T ]≠ 0

Scattering 
Length

Charge independence breaking
VCIS=(Vnn+Vpp)/2 -Vnp

Isospin Breaking Interactions (ISB)



QCD-based Charge Symmetry Interaction and Okamoto-Nolen-Schiffer anomaly

[Okamoto-Nolen-Schiffer anomaly]
Coulomb energy differences between mirror nuclei and Isobaric analogue 
states from A=3~220 are always 3-9 % larger than theoretical 
calculations of Independent particle model.

This anomaly suggests
1) 10-20% smaller proton radii of valence particles than those of core
2) The effect of Charge symmetry interaction (CSB)

Standard model on CSB interactions
1) Meson exchange model sigma-rho and pi-eta meson exchange potentials.
2) Phenomenological Skyrme EDF to reproduce ground state properties of 

mirror nuclei.

HS, T. Naito, X. Roca-Maza and T. Hatsuda, aarXiv/2305.17481 in nucl-theory r

Proton=(uud)                   muc2~2.3MeV
Neutron=(udd)                mdc2~4.8MeV

Explicit Chiral symmetry breaking
QCD dynamics of strong interaction
(Spontaneous chiral symmetry breaking)

QCD ‒based
approach



QCD-based CSB interaction

1. QCD sum rule approach to evaluate mass difference of proton and neutron in 
nuclear medium

2. Partial restoration of Spontaneous symmetry breaking (SSB) in nuclear medium

The binding energy (mass) of  neutron and proton is formulated in nuclear matter by 
the QCD sum rule approach in leading order of the quark mass difference and QED 
effect

IN VACUUM,



The in-medium chiral condensate has a general 
form in the leading order of Fermi motion 
corrections;

T. Nishi et al., Nature Physics, March 23, 2023
Pionic atom experiments

Goda and Jido

Partial restoration of Chiral condensation of  quark pairs  F𝑞q

pion



The Skyrme-type CSB and CIB interactions
The mass difference between (Z+/-1,N) 
and (Z, N+/-1) with N=Z

The chiral symmetry breaking effect on 
ONS anomaly is formulated as 







Summary

Gamow-Teller states of 48Ca, 90Zr, 132Sn  and 208Pb are  studied by 
SSRPA and 2p-2states make a larger spreading width with the 
proper excitation energies compared with experimental ones.

Quenching (SGII+Te1): 48Ca    ~35% Ex<20 MeV
208Pb  30-40%  Ex<25 MeV

Triplet-odd tensor plays an important role to increase the quenching

Ab initio QCD-base CSB interaction is proposed for the first time and cures largely 
Okamoto-Nolen-Shiffer of the energydifference between mirror nuclei.

Beta decay life time has a strong effect by the 2p-2h correlations and also the 
tensor correlations.

Excitation energy of magnetic dipole state is very sensitive to the 
triplet-odd tensor in RPA level, but the tensor effect is smacked in 
the SSRPA.
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