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1) Time-dependent density-matrix theory (TDDM)
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- Simple truncation scheme (TDDM’):

C,=0 (Wang & Cassing, Ann. Phys. 159, 328('85))

New truncation scheme:
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h (Tohyama & Schuck, Eur. Phys. J. A 50, 7('14))
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CCD-like ground state
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Ground state: a stationary solution of TDDM egs.
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Adiabatic method starting from HF ground state
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Excited states : Equation of motion approach
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Extended second RPA (ESRPA)




Under HF assumption
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One-body part of ESRPA (1b-ESRPA)
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Self-energy Vertex corrections
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2) Applications
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Lipkin model
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Ground state energy N=4

Etot / &

(C,=0) | © Exact

0.0 0.5 1.0 1.5 2.0



N=4
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Self-energy contributions from C,
suppress excess correlations
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Excited states N=4

2.0
- 1b-ESRPA (AX* = w,S,x")
s o - ESRPA
L 1 0 _"""‘*'tr-_--_--_l-_-:-i;;ﬁ;;;:._,,,. '_'_C}O /
»--—-----.‘._..-;_.-:\;;-.-:
0.5- Exact
. _-RPA
0.0 '3
0.0 0.5 1.0 1.5 2.0
X

Self-energy contributions C,
iIn 1b-ESRPA <>



1D-Hubbard model (N=6)
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Ground state energy (N=6)
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1st excited state (spin mode)
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2nd excited state (spin mode)
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E1l and E2 excitations in “9Ca and #8Ca

Ground states

Single-particle states:

15/, , 15,5 4 285,117, (Af5, . 2P5,, 2Py,) TOrn,, andC

pp'hh’

Residual interaction: simplified Skyrme lll
V, =t,(1+ X,P.)S°(F = "), v, =t,6°(F = ') 8°(F = ")



Occupation probabilities

40Ca 45Ca
ca [MeV] Naa €o [MeV] Naa

orbit proton neutron proton neutron orbit proton neutron proton neutron
1ds -15.6 92920  0.923 0.924 Ld5 /o -22.6 -22.4  0.963 0.965
1ds 94 2165 0.884  0.884 ldg  -17.1 -17.00.952 0.940
2512 85 159  (0.846 0.846 2519 -15.1 -16.4  0.905 0.932
1f?/2 3.4 -10.4 0.154 0.154 1f7/2 -10.6 -10.6 0.059 0.919

2p3 /0 -1.7 -3.8 - 0.103

2p1 /9 0.1 -2.0 0.064

1f5/2 2.2 1.9 0.022  0.116




Excited states

Single-particle states:
forx’ .:e <50MeV, ¢ <11/2
for X oo :2Psr2 + 2Py, 1 1ds55,1d,, , 28,5, 115, (L1550 2055 4 2Py)2)

Residual interaction: simplified Skyrme ll|
V, =t,(1+X,P. )83 (F —F') , v, =t,6°(F = F") 5°(F - ")
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Contributions of 3p-1h and 1p-3h states in 4°Ca

Norm matrix for 3p-1h state: S, =(1—n,)A—n_)n.n, =0
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Reasons for strong fragmentation in 4°Ca

-Partial occupation of 1f,,, states

- Contributions of h-h and p-p amplitudes
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3) Summary

- C,=C,xC, gives a better truncation scheme of BBGKY
hierarchy for the ground states

- TDDM+ESRPA works for the excited states
Self-energy + coupling to X/, are important

- Ground-state correlations are important for fragmentation
of E1 and E2 in 4°Ca and 4®Ca






Improvement

TDDM in deformed basis (DTDDM)




Ortho-normalization condition

. NS, T v
(xu xu)(T; Slzj[);vquw

(x“* X ”*): left eigen vector
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