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Fundamentals, Developments and Applications 



Beyond mean field model (Subtracted Second RPA) with EDF

Giant Resonances
Gamow-Teller states
beta decay

Targets of Second RPA

・ More correlations in Collective and non-collective excitations

1p-1h+2p+2h correlations
tensor correlations
Pairing correlations

keeping universality of applications

・ Spreading width of giant resonances

・Quenching of spin-isospin excitations.

・Low-energy pigmy states

・Beta-decay lifetime
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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.

SRPA phonon operator

Equation of motion gives 
SRPA matrix equation

𝐻,𝑄† = ℏ𝜔𝑄†

RPA (random phase approximation) and 
SSRPA (subtracted second RPA)models

RPA

SRPA
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U(h1h2) is an anti-symmtrizer.
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U(h1h2) is an anti-symmtrizer.
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SRPA=> convert to RPA-like eqation
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This is trivial since EDF is designed to describe the mean field properties of nuclear 
observables; in other words for HF and RPA calculations



SRPA ->Energy dependent RPA-like equation

Subtraction matrix 
(If we subtract 𝐸11′(𝜔 = 0) 𝑎𝑛𝑑 𝐹(𝜔 = 0) 𝑓𝑟𝑜𝑚 𝐴 𝑎𝑛𝑑 𝐵,

𝑆𝑅𝑃𝐴 𝜔 = 0 = 𝑅𝑃𝐴
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Energy independent SSRPA equation
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Lee and Suzuki, Prog. Theor. Phys. 64 (1980)
Suzuki and Okamoto, Prog. Theor. Phys. 92, 1045 (1994)

Lee-Suzuki-Okamoto similarity transformation

Dream

Reality
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The decoupling condition

Similarity transformation
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S12    is an operator to map Q-space to P-space



PH0P+R=>EDF
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Energy independent SSRPA equation
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Vlow-k
Similarity Renormalization Group (SRG)

Lee-Suzuki-Okamoto ST



Normalization condition

SSRPA for natural parity states
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Self-consistent HF+SSRPA model with Skyrme EDFs

RPA matrices are renormalized taking into 
account an enlarged model space from 1p-1h to 
1p-1h+2p-2h configurations

Convergence check

Phonon operator
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PHYSICAL REVIEW C 103, 054308 (2021)



Magnetic dipole transitions by SSRPA
T=500 MeVfm5

U=-280MeVfm5
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Excitation
Energy

B(M1)
strength

2.56
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[29] C. Iwamoto et al., PRL108,262501 (2012)

𝐴 = 𝜋𝑟2

𝐵(𝜏𝜎) = 𝜏𝜎
𝐵 𝑀1 = g𝑙l+𝑔𝑠s
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Summary

EDF is optimized for the mean field descriptions of ground 
states and excited states; HF and RPA level

Second RPA and similar theoretical models beyond mean 
field should take care of renormalization of EDF 
which includes already the effect of 1p-1p model space.

Lee-Suzki-Okamoto similarity transformation gives a guide 
to construct appropriate EDF for beyond RPA models



P:1p-1h
Q:2p-2h+---
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