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The method was initially developed by Fritz Coester and Hermann 

Kümmel in the 1950s for studying nuclear-physics phenomena, but 

became more frequently used when in 1966 Ji í ř ížekČ  (and later together 

with Josef Paldus) reformulated the method for electron correlation in 

atoms and molecules. It is now one of the most prevalent methods in 

quantum chemistry that includes electronic correlation. 

 



  

Ji í ížekř Č  born in Prague on 24 August, 1938. Did his doctoral studies in 1961 at the 

Institute of Physical Chemistry of the Czechoslovak Academy of Sciences (csas), 

now the J. Heyrovský Institute.

In his doctoral dissertation (1965) he proposed the use of a coupled-cluster 

methodology for the study of electron correlation effects in atoms and molecules. 

This fundamental work laid the ground work for many further developments in 

quantum chemistry, and was summarized in his famous 1966 Journal of Chemical 

Physics paper [1] and elaborated upon in his heavily-cited 1968 Advances in 

Chemical Physics article [2]. The former paper earned him a csas prize in the 

chemistry division. After the completion of his CSc, he obtained a position as Junior 

Scientist at the Institute of Physical Chemistry in Prague in 1964. 

                                                                                      [1] J. žek, Čı ́ J. Chem. Phys. 45, 4256 (1966).

                                                                                                   [2] J. žek, Čı ́ Adv. Chem. Phys. 14, 35 (1968).



  

 Electronic Structure

The quality level of a 

calculation is determined 

in a 3-dimensional space
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Coupled Cluster with Singles Doubles 
and Perturbative Triples Excitations



  
Cite This: https://doi.org/10.1021/acscentsci.1c00685



Full Configuration Interaction (FCI)

Operators            Coefficients

...

FCI is the exact solution of the Schrödinger 

equation in a given one-electron basis set
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The Many-Body Hamiltonian

Kinetic
Coulomb
attraction

Coulomb
repulsion

Many electrons atoms



Many electrons atoms

The Many-Body Hamiltonian



The (three-days course) Outline 
1. Hartree Fock, Second Quantization, Normal Form, Goldstone Diagrams 

and writing the Many-Body Hamiltonian with Diagrams

2. Perturbation Theory, Linked-Diagram Theorem, Coupled Cluster (CC) 

for Closed-Shell Systems

3.CC in Fock-Space for Open-Shell Systems (IP, EA, EE… states)

4.Electronic Resonance (Aoutoionization) States  in Chemistry



  



  



  



Coulomb 
operator

Exchange
operator

Fock
operator

Hartree-Fock
equation

Hartree-Fock



Restricted Hartree Fock

Coulomb 
integral

Exchange
integral

Closed-shells
(equal spins 
up and down)



• The total wave function for n identical fermions is anti-symmetric 

with respect to exchange of the particles.

• This is a rigorous statement of the Pauli exclusion principle

Hartree-Fock The total wave function of n identical fermions



But we are after the a FCI like approximation

...
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Virts..
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HF Excited determinants...

 Hilbert space





Hartree-Fock





  



  



  

Notice that the vacuum is 
changed from |0> to |α>



  

An intuitive relation between HF 

and the excited determinants 



  



Many-Body Hamiltonian
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Many-Body Hamiltonian



Many-Body Hamiltonian

J (Coulomb) 
and 

K (exchange)
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Many-Body Hamiltonian

J (Coulomb) 
and 

K (exchange)

J (Coulomb) 
and 

K (exchange)



Many-Body Hamiltonian

J  and K J  and K 





Many-Body Hamiltonian
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Many-Body Hamiltonian





































Topological 

equivalent











a = Ground Electronic State



a = Ground Electronic State



Perturbative
Expansion
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Expansion
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Expansion
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