Coupled Cluster (CC)

(1966 — Jiti Cizek, Josef Paldus)
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Wave function Taylor expansion
“Exponential Ansatz”
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Makes it size-consistent !
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Dominantni cast elektronové korelace je v interakci mezi
elektrony v ramci jednoho kanonického (HF) orbitalu.

» pfedpokladame ze orbitaly jsou (Castecné) lokalizovany

» excitace z orbital i do r odpovida pfenosu naboje

* vytvofeni paru elektron-dira

* monoexcitace — korela¢ni energii nepfinese

* diexcitace — tak jak znazornéno — rozhodujici vliv
 obdobn¢ pro tetraexcitace — elektronovy parzAdo B a
zaroven druhy elektronovy par z C do D

* coupled clusters — vybiraji pravé takovéto zprazené excitace

L. Piela: Ideas of Quantum Chemistry



CCSD * quite precise
CCSD(T), CCSDT * Size consistent

* best routine method for description of dynamic el. correlation

QCISD(T) - neglects some of T, T, cross-terms - only small computer saving,
lost of accuracy




PERTURBATION THEORY Rayleigh-Schrodinger formulation
(non-degenerate systems)

System of interest: HY, =¥,
“Reference” (known) system: P = EPP
Perturbation (small !): V=H'=H-H,
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Introducing an ordering parameter A and H=H,+AH"
expand eigenfunctions and eigenvalues in E E® 4 AED 1 2E@ 4 ...

Taylor series:
Yo=Y+ AP0 + 22+
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Results cannot depend on A —— independent equations for each AX

Using “intermediate normalization” + additional manipulation:
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PT for electron correlation - Moller-Plesset formulation

=Y F(i)=Y(h()+v"™ (i) PO
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Y . all possible Slater det. From Fock orbitals

Perturbation H'=> 1= v (i)
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ﬂ Limited to double excitations !
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—pur s E, TE —E€ —E
Size-consistent (linked-cluster theorem), nonvariational \
MP2, MP3, MP4 Can becloseto O'!

MP2 - cheapest post-HF method for electron correlation
Most popular method
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