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OUTLINE 
 

I. INTRODUCTION: (a) The system of equation defining the density functional 

approximation (DFA).   

 

II. MOTIVATIONS: To describe with ab-initio, self-consistent calculations the 

properties of materials. In search of a better functional to describe strongly 

“correlated” systems within DFT 
 

III. DFT: No doubt a very powerful and successful theory for studying material 

properties. An overview will be given. 

 

IV. Range Separated DFT: A powerful tool for improving KS-DFT to include 

many-body effects (long-range correlation).  

(a). ACDFT Connection (RPA) 
(b). Coupled Cluster Theory 

  

V. CONCLUSION: 
 



Motivations 



Fundamentals of HKS-DFT 
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  I. THE SYSTEM OF EQUATIONS                    

Defining the density functional approximation  

EQUATION 1 (Only for the ground state)  

Subject to Equation 2 (Sum over occupied states only)  

Sum over occupied 

states only  

Kohn and Sham explicitly stated that the system of equations defining LDA has to be 

solved self-consistently [See Page A1134 of Phys. Rev., Vol. 140, No. 4A, Pages 

A1133-A1138 (1965)]. Once an LDA potential is selected, the system reduces to the 

two equations above.   



 II. DFT Methods Presently Implemented 

 Linear combination of Atomic Orbitals (LCAO) method: BZW 

method is used and band gap and other related electronic 

properties are predicted with high accuracy. 

 Linearized Augmented Plane wave (LAPW) method: WIEN2K 

electronic structure package is used. We have a systematic way 

of obtaining with high accuracy properties of materials. 



Range Separated DFT: (a) ACDFT 
 



Range Separated DFT Contd: (a) ACFDT 
 

 



(a) The Adiabatic Connection 
 
What is the meaning of ACFDT?  
 This involves extracting nonlocal ground-state correlations from the linear charge 

density response function. How? 
 



(a) The Adiabatic Connection Contd 
 





  (b). Coupled Cluster 

The coupled cluster (CC) Hamiltonian (H) is:                               (a)

The CC wavefunction is defined via the exponential anstaz:
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               (b)
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where  is the excitation operator with, ... ... (c)
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Generally, the CC Hamiltonian of Eq. (a) is:

1

4

n
ab

N N ij

N j abc

pq p q p q s r o

pq pqrs

T T T t a b ji
n

H f a a pq rs a a a a H   

 
   

 

  

 

                                    (d)

                                                          (e)

Then, by similarity transformed normal-ordered Hamiltonian (H ) via BCH:
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Then, by Eq. (e), , , ,

N N N N N

N

N N N

H H H T H T H T T H T T

H T T

H T F T V T

           

   

 



  (b). Coupled Cluster 
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For coupled cluster double (CCD), CCD equation is:
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 is obtained basically by solving the CCD equation in spin-orbital basis
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What Next? 

 We intend to implement the range separated DFT in NwChem 

quantum chemistry code.  
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