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Selected Configuration Interaction

Section 1

Selected Configuration Interaction
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Selected Configuration Interaction Collaborators

Collaborators
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Selected Configuration Interaction SCI flavors

One selected CI (SCI) algorithm to rule them all

CIPSI = CI using a Perturbative Selection made Iteratively

Developed in Toulouse many (many) years ago
Huron, Malrieu & Rancurel, JCP 58 (1973) 5745

Based on old idea by Bender and Davidson, and Whi�en and Hackmeyer
Bender & Davidson, Phys. Rev. 183 (1969) 23
Whi�en & Hackmeyer, JCP 51 (1969) 5584

CIPSI (and SCI methods in general) has been recently resurrected!
Giner, Scemama & Ca�arel, CJC 91 (2013) 879
Giner, Scemama & Ca�arel, JCP 142 (2015) 044115

CIPSI ≈ deterministic version of FCIQMC
Ca�arel et al., Recent Progress in �antum Monte Carlo (2016) Chap. 2, 15-46.
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Selected Configuration Interaction SCI flavors

Selected CI or how to create new methods with new acronyms

“SCI methods provide near full CI (FCI) quality energies with only a small fraction of the determinants of the FCI space”

CIPSI (Malrieu, Evangelisti, Angeli, Spiegelman, Giner, Ca�arel, Scemama, etc)

Semistochastic Heat-bath CI (Sharma & Umrigar)

Adaptive sampling CI (Evangelista & Tubman)

Incremental CI (Zimmerman)

Iterative CI (Liu & Ho�mann)

FCIQMC (Alavi & Booth)

. . .
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Selected Configuration Interaction �antum Package

�antum Package 2.0: h�ps://github.com/�antumPackage/qp2

“�antum Package 2.0: An Open-Source Determinant-Driven Suite of Programs”,
Garniron et al., JCTC 15 (2019) 3591
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https://github.com/QuantumPackage/qp2


Selected Configuration Interaction Benzene Blind Challenge

The Benzene Blind Challenge: Frozen-core correlation energy (cc-pVDZ)

Eriksen et al. JPCL 11 (2020) 8922
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Selected Configuration Interaction Benzene Blind Challenge

Performance of CIPSI for C6H6/cc-pVDZ (1)
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Selected Configuration Interaction Benzene Blind Challenge

Performance of CIPSI for C6H6/cc-pVDZ (2)

Loos, Damour & Scemama JCP 153 (2020) 176101
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Selected Configuration Interaction QUEST project

Highly-accurate excitation energies: The QUEST project (1)

QUEST
470 highly-accurate

excitations

QUEST#1
small-sized molecules

JCTC 14 (2018) 4360

QUEST#2
double excitations

JCTC 15 (2019) 1939

QUEST#3
medium-sized molecules

JCTC 16 (2020) 1711

QUEST#4
exotic molecules & radicals

JCTC 16 (2020) 3720

QUEST#5
larger molecules

This study
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Selected Configuration Interaction QUEST project

Highly-accurate excitation energies: The QUEST project (2)

Véril et al. WIREs Comput. Mol. Sci. (in preparation)

h�ps://github.com/mveril/QUESTDB website
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https://github.com/mveril/QUESTDB_website


Selected Configuration Interaction CIPSI for solids

CIPSI trial wave functions for periodic solids

See also Scemama et al. JCP (in press) arXiv:2008.10088 for a range-separated approach in molecules
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation

Section 2

Many-Body Perturbation Theory: GW and Bethe-Salpeter equation
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation Collaborators

Collaborators

Anthony Arjan Pina
Scemama Berger Romaniello

Mickäel Denis Xavier
Véril Jacquemin Blase
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation Gaps

Fundamental gap vs Optical gap

© Bruno Senjean

Bredas, Mater. Horiz. 1 (2014) 17
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation MBPT

The MBPT chain of actions

Kohn-Sham DFT
[
−∇

2

2
+ vext + V Hxc

]
φKS
p = εKS

p φKS
p

GW approximation
εGW
p = εKS

p +
〈
φKS
p

∣∣ΣGW (εGW
p )− V xc∣∣φKS

p

〉

Bethe-Salpeter equation
(

R C
−C∗ −R∗

)(
Xm

Ym

)
= Ωm

(
Xm

Ym

)

(Inverse)
photoemission
spectroscopy

Optical
spectroscopy

Fundamental gap

Excitonic effect

Ionization potentials

Electron affinities

Optical excitations

Blase et al. JPCL 11 (2020) 7371
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation GW

The GW approximation: Hedin’s pentagon
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Hedin, Phys. Rev. 139 (1965) A796
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation TD-DFT vs BSE

The bridge between TD-DFT and BSE

TD-DFT Connection BSE

One-point density Two-point Green’s function
ρ(1) ρ(1) = −iG(11+) G(12)

Two-point susceptibility Four-point susceptibility

χ(12) = ∂ρ(1)
∂U(2) χ(12) = −iL(12; 1+2+) L(12; 34) = ∂G(13)

∂U(42)

Two-point kernel Four-point kernel

K(12) = v(12) + ∂V xc(1)
∂ρ(2) iΞ(1234) = v(13)δ(12)δ(34)− ∂Σxc(12)

∂G(34)
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation Linear response

TD-DFT and BSE in practice: Casida-like equations

Linear response problem

(
R C
−C∗ −R∗

)(
Xm
Ym

)
= Ωm

(
Xm
Ym

)

Blue pill: TD-DFT within the adiabatic approximation

Ria,jb =
(

εKS
a − εKS

i

)
δijδab + 2(ia|bj) + f xcia,bj Cia,jb = 2(ia|jb) + f xcia,jb

f xcia,bj =
x

φi(r)φa(r)
δ2Exc

δρ(r)δρ(r′)
φb(r)φj(r)drdr′

Red pill: BSE within the static approximation

Ria,jb =
(

εGWa − εGWi

)
δijδab + 2(ia|bj)−W stat

ij,ba Cia,jb = 2(ia|jb)−W stat
ib,ja

W stat
ij,ab ≡ W ij,ab(ω = 0) = (ij|ab)−W c

ij,ab(ω = 0)
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Many-Body Perturbation Theory: GW and Bethe-Salpeter equation Going beyond the static approximation

Dynamical correction to the BSE

Non-linear response problem

(
R(ΩS) C(ΩS)

−C∗(−ΩS) −R∗(−ΩS)

)(
XS
YS

)
= ΩS

(
XS
YS

)

Dynamical BSE formalism [Strinati, Riv. Nuovo Cimento 11 (1988) 1]

Ria,jb(ω) =
(

εGWa − εGWi

)
δijδab + 2(ia|bj)− W̃ ij,ba(ω) W̃ ij,ab(ω) = (ij|ab)− W̃ c

ij,ab(ω)
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Loos & Blase, JCP 153 (2020) 114120; Authier & Loos, JCP (in press) arXiv:2008.13143
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