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Theory

I CC wave function

Ψ = eT̂ Φ where Φ is a reference wave function (1)

I Excitation operator
T̂ = T̂1 + T̂2 + . . . + T̂N (2)

I Exponential ansatz
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Excitation operators

I Singles
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I FCI wave function

Ψ = (1̂ + T̂ )Φ = (1̂ + T̂1 + T̂2 + T̂3 + . . .)Φ (6)



CC energies

I Schrödinger equation

Ĥ |Ψ〉 = E |Ψ〉 ⇒ ĤeT̂ |Φ〉 = EeT̂ |Φ〉 ⇒ e−T̂ ĤeT̂︸ ︷︷ ︸
H̄ = similarity transform

|Φ〉 = E |Φ〉 (7)

I Variational CC energy (factorial complexity)
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I Projected CC energy

ECC = 〈Φ|H̄|Φ〉 =
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Amplitude equations

I Amplitude equation for single amplitudes

〈Φa
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I Amplitude equation for double amplitudes

〈Φab
ij |H̄|Φ〉 = 0 ⇒ tab
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I Amplitude equation for n-tuple amplitudes

〈Φab...
ij... |H̄|Φ〉 = 0 ⇒ tab...

ij... (12)



Pair CCD (pCCD)

I We set T̂ = T̂2 (CCD) and we restrict the excitation manifold to electron pairs (p)
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īi
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I pCCD energy and amplitude equation
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Bézout’s number

I “Bézout’s number gives an upper bound to the number of solutions of a set of
polynomial equations”

B =

Neq∏
i

di (16)

I For pCCD, Bézout’s number is 2OV where O and V are the number of occupied and
virtual orbitals



pCCD vs DOCI: Ground state [Henderson et al. JCP 141 (2014) 244104]



Linear H4/STO-6G: pCCD vs DOCI
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