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Applications of Nuclear Physics
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Photodisintegration
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Issues are found in particle emissions of some nuclei
The origin may be in direct & preequilibrium process
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Three Stages in Nuclear Reactions

1.Direct Process  2.Preequilibrium Process 3. Compound Process
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Origin of Giant Resonance -Collective Excitations-

Nuclear Dipole Oscillation

neutron proton
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Collective Excitations are essential l I\
for Many-Body Systems! W
Many 1 particle-1 hole states are excited coherently
- Nuclear Collective Excitation
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Random Phase Approximation (RPA)

_ : . Coherent Excitation
Annihilate particle below &g, Create particle above &g. e
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Isovector Dipole Excitations of °O
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Higher-order configuration mixing

Initial State Doorway State Compound State
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* RPA covers this model space v /
We still do not fully understand
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Second Random Phase Approximation (SRPA)

J. Da. Providencia, NP 64, 87 (1965).
C. Yannouleas, PRC 35, 1159 (1987).
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Second RPA can contribute the better understanding
of nuclear excitations including GDR
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Multipole Excitations by Subtracted SRPA (SSRPA)

D. Gambacurta et al. PLB 777, 163 (2018)
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M. J. Yang, C. L. Bai, H. Sagawa, and H. Q. Zhang PRC 103, 054308 (2021)
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SSRPA & Self-Energy

'@ RPA Equation @ SRPA Equation w is resonance energy
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Details on SRPA Self-Energy

J. Wambach, Rep. Prog. Phys. 51 (1988) 989-1046

thp,h’ p’ - h’ _ P; _ h’
Zphp'n' (@) = Bppprpy — 1= — = i '
Energy shift  Width P h p h

thp’h' > 0 Amplitude of transition from ph(p'h") state to p'h’(ph) state escapes to 2p2h states
1}

< 0 Amplitude of transition from ph(p'h") state to p’h'(ph) is reverted from 2p2h states

php R =~~~ T 1
| |
1 1
I Donp'n’ -2 2h I
: 2p2h >p’6p h ’ Conp'n’ >/(}/ P :
1
: Dpnp'n’ < 0\"‘\ :x x o' < 0 i
! sl !
| |
1 1
: - f — (1p1h ) = — :
| |
; w{m ;
! Laa® 0000 !
! 000 l@ 9000 !
1 1
: thp'h' <0 Tl thplhl >0 :
|

2025/8/9 ! 2p2h : 13



160  |sovector dipole Transition (IV 1°)
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160 Isoscalar Quadrupole Transition (IS 2*)
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40Ca Isovector dipole Transition (IV 1-)
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Summary

Studied Nuclear monopole, dipole, and quadrupole excitations
within SSRPA method and discuss the Spreading Widths

Resonance distribute more widely, when 2particle-2hole configurations are considered
Main 1particle-Thole configurations of resonances dissipate to 2particle-2hole states

Minor 1particle-1hole configurations of those are enhanced by 2p-2h coupling,
enhancing the collectivity of resonance

This work was supported by JSPS KAKENHI Grant Numbers JP23K03426 and JP24K00647,
JP25H00641, and by JST ERATO Grant No. JPMJER2304, Japan.
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Double Multipole Excitations
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SSRPA¢: Fully consider transition from a 2p2h to another in SRPA and Subtracted method
SSRPAg: Neglect transition from a 2p2h to another in Subtracted method
SSRPA,: Neglect transition from a 2p2h to another

The Workshop on PhotoNuclear Science in 2025, Fudan U. 18

2025/8/9 Aug. 8-10, 2025



160 Isoscalar Monopole Transition (IS 0*)
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