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BBGKY hierarchy 

１）Ｔime-dependent density-matrix theory (TDDM) 

1-body and 2-body 
density matrices:  

Equations of motion:  
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2p-2h excitation 

pp(hh) correlations 

ph correlation 

coupling to C3 
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CCD-like ground state 

gives 

・Simple truncation scheme (TDDM’):  
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・New truncation scheme: 
03 =C (Wang & Cassing, Ann. Phys. 159, 328('85)) 

(Tohyama & Schuck, Eur. Phys. J. A 50, 7('14)) 
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Adiabatic method starting from HF ground state 
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Ground state: a stationary solution  

Lipkin model (N=8) 
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Excited states : Equation of motion approach 
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Extended second RPA (ESRPA) 
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Second RPA (SRPA) 

Under HF assumption 
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Ortho-normalization condition 
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One-body part of ESRPA (1b-ESRPA) 

µ
µ

µ ω xSAx 1=

Self-energy Vertex corrections 



３） Applications 

 
 

Lipkin model   
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Occupation probability Correlation matrix 
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TDDM’ 
(C3=0) 
 

TDDM 

Exact 

Ground state energy N=4 



Self-energy contributions from C3  
suppress excess correlations 
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TDDM in deformed basis (DTDDM) 

Improvement 



Excited states N=4 

Self-energy contributions 
 in 1b-ESRPA 
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1D-Hubbard model (N=6) 

Fε



Ground state energy (N=6) 



1st excited state (spin mode) 

ESRPA 
Exact 

RPA SRPA 
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2nd excited state (spin mode) 

Exact 
ESRPA 

RPA 
SRPA 

1b-ESRPA 
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Self-energy and coupling to      are important µX



3）Relation of TDDM and CCD 

0HFHF

4
1,HF

22

2

''

''
''

''2CCD

=

==Ψ

−++

++∑

TT
pphh

hhpp
hhpp

hhpp
T

Heeaaaa

aaaatTe

CCD 
(Tohyama , PTEP 2016, 113D01) 
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TDDM ( )0,1 ≈≈ ph nn CCD 

TDDM and CCD have term by term correspondence  
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Ground state energy (Lipkin model N=8) 
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Fractional occupation is important in TDDM 

2p-2h excitation： 

p-p and h-h correlations： 

p-h correlation： 



4）Summary 

・            gives a better truncation scheme 
 
・ ESRPA gives good description of excited states  
     
 
・ TDDM    CCD  for 
 
      TDDM      CCD  for a strong interaction 
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≈ 0,1 ≈≈ ph nn

 Self-energy and coupling to      are important µX

≠

µX
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