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Atomic Many-Electron ProcessesAtomic Many-Electron Processes

Hamiltonian = K.E. + Nuclear Attraction + Coulomb Repulsion

Schrödinger Equation  Wavefunction

Wavefunction  Any atomic property

Experimental difficulties        Dependence on theoretical study

importance



    

Need For accurate wave length Need For accurate wave length 
,energy value and f- value ,energy value and f- value 

 Reliable line identification Reliable line identification 
 Finding unknown energy levelsFinding unknown energy levels
 Forbidden transitions are important in Forbidden transitions are important in 

nebular and Circumstellar  and SN studies.nebular and Circumstellar  and SN studies.
 Calculation in the search of electron’s EDMCalculation in the search of electron’s EDM



    

Astrophysics:  Spectrum Synthesis : Curve –  of –  Growth analysis  
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Radiative Transition Selection RuleRadiative Transition Selection Rule
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Expressions of Transition Expressions of Transition 
amplitudesamplitudes
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Hamiltonian of Electronic systemHamiltonian of Electronic system
  

Dirac-Fock Approximation
(Relativistic form of HF)
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One-Body Part               
     (K.E. Of Electrons,
       Nucl. Attraction

Two-Body Part         
      
      (Repulsions 
among electrons)

Correlation

Effective Valence
      Shell Model (HV)
Multi-Configuration
      Perturbation (MCPT)

Perturbative Non-Perturbative
Multi-configuration DF(MCDF)
Coupled Cluster Method (CC)
Density Functional Theory (DFT)



    

 Have to Go beyond Hartree-Fock Have to Go beyond Hartree-Fock 
       

 DF Potential 

EHF

E0

ECorelation
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Motivation : Highly accurate calculations for BEC, Parity 
                    Non-Conservation in atom, EDM of electron

ab initio, highly correlated  MB method

0
21 Φ=Ψ +SSe

Phys. Today, April 1997, July 2001, June 2003

Developed massively parallelized relativistic CC code 

Developement & calculation using Coupled Cluster Method
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⇒ Need High Performance Computing

Core
Lowest order

core
 valence electron 
 any excited orbitalSingle-particle 

excitations

Core excitation
Valence excitation

Double-particle 
excitations

Single Valence System



    



    

〉+=〉=〉 φφψ
v

T

v

sT

v
Seee |}1{||

New Reference state  〉=〉 + ϕϕ
DFv a ||

〉〈
〉

++

++〈
=

〉〈

〉〈
= +

+

ϕϕ
ϕϕ

ψψ
ψψ

i
T

iDTD

SeeS

SeeS
D

i

T

ff

i

T

ff

if

if

fi
|}1{}1{|

|}1{}1{|

|

||



    

 Energy values are in excellent agreement with that Energy values are in excellent agreement with that 
of NIST value.          of NIST value.          

                                                                    (In cm(In cm-1-1))

RCC  MCHFNIST    State  

231061.48228714.51230608.895p1/2

128534.43125539.49128739.594p3/2

127689.51124749.38127921.364p1/2

418.02790.1382.1 3d5/2           
     



    

ResultsResults
Excitation Energies
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