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Cumulant Green’s function methods for molecules

Pierre-Francois Loos,” Antoine Marie,” and Abdallah Ammar®
Laboratoire de Chimie et Physique Quantiques (UMR 5626), Université de Toulouse, CNRS, UPS, France

This document contains a detailed derivation of the cumulant expansion. Notations are defined in the main manuscript.

l. RETARDED ONE-BODY GREEN’S FUNCTION

The matrix elements of the Hartree-Fock (HF) retarded Green’s function in the time domain are
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Thanks to the following definition of the Heaviside step function
1 00 e—iwt
O =-— d 2
® 27 j:m ww +in @

one can compute the Fourier transform of Eq. (1) and obtain the expression of the matrix elements in the frequency domain
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Il. CUMULANT

The general definition of the cumulant, obtained by equating the first-order term in W (refer to the manuscript), is expressed as
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Projecting this equation in the spinorbital basis yields
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Assuming ¢ to be positive, we obtain
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Using the diagonal approximation X,,(w) ~ 6,4Z,p(w) leads to
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Inserting the frequency expression of the self-energy

with
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we obtain
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Applying the residue theorem on the following integral [where Im(w ), Im(w;) < 0] leads to
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Therefore, the diagonal elements of the cumulant are given by the following expression
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where we have introduced the following intermediate quantities:
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lll. LANDAU FORM

In this section, we derive the Landau form of the cumulant. The first step is to derive the spectral representation of the
self-energy
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To obtain this expression, we first used the Kramers-Kronig relation, then the identity
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This expression of the self-energy is now inserted into the cumulant
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which yields the so-called Landau form of the cumulant.
IV. GW+C PROPAGATOR
The GW+C ansatz in the time domain reads
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where the weight of the quasiparticle peak is
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and the quasiparticle energy is given by
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Expanding up to first order and applying the Fourier transform leads to
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where we have introduced two sets of satellites at energies
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with the respective weights
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V. SPECTRAL FUNCTION

The diagonal elements of the spectral function are obtained as

1
AGV (W) = - Im G, (w)

[ QP sat
1 Z 4
T |w-¢ +in F W = €pgy + 17
ReZY +ilmZy" Re Z32 +iIm Z3%

B ﬂImEM—ReE +i(n - Im QP)+;‘” Reejy, +i(n ~Imei,)

(ReZg® +ilmZY) (w - Re e —i(n —Imed)) ReZ, +ilmZ%) (w - Re e, — iy~ Im et ))

Z ( Pqv Pqv pqv pav
+

™ ((u —Re GI?P) (Im QP) qv (a) Re Elsfr}tv)z (Im flsfrlth)z

1 (Re ZI?P) (Im 61?") + (Im z,?P) (w ~Ree; P) Z (Re Z;,aqtv) (Im e;f;v) (Im z;;‘v) (a) Re e;,gtv)
= —— + .
T

(a) - Re GSP) (Im GQP) qv (a) Re e;?‘,)z (Im e;?‘,)z

(26)



	Cumulant Green's function methods for molecules
	Retarded one-body Green’s function
	Cumulant
	Landau form
	GW+C propagator
	Spectral function


