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• Range separation of electron correlation: why and how ?

• long-range WFT / short-range DFT (srDFT)

• Prescriptions for the choice of the range separation

• Performance of srDFT models:

van der Waals systems

multireference systems (dissociation)

multireference van der Waals systems

• Conclusion and outlook
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Range separation of electron correlation: why and how ?
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full range interaction = 1
r12

= wlr
ee(r12) + wsr

ee(r12) as proposed by A. Savin

↙ ↘

long-range interaction (WFT) short-range interaction (DFT)
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Long-range WFT / short-range DFT (srDFT)

• We use the general formalism introduced in the first lecture with a modified electron-electron
interaction equal to the long-range interaction: Ŵm

ee = Ŵ lr,µ
ee

Ŵee = Ŵ lr,µ
ee +

(
Ŵee − Ŵ lr,µ

ee︸ ︷︷ ︸
)

↙ ↘

WFT-based methods Ŵ sr,µ
ee complement of Ŵ lr,µ

ee → Esr,µ
Hxc [n]

• Exact ground state energy: E0 = min
Ψ

{
〈Ψ|T̂ + Ŵ lr,µ

ee + V̂ne|Ψ〉+ Esr,µ
Hxc [nΨ]

}
• approximations used in the description of the long-range interaction define the srDFT schemes:

HF-srDFT, MP2-srDFT, CC-srDFT, MCSCF-srDFT, ...

• approximations used in the short-range functional: srLDA, srPBE, ...
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µ = 0 limit: Kohn-Sham DFT
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{
〈Φ|T̂ + V̂ne|Φ〉+ EHxc[nΦ]

}
= min

Ψ

{
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µ→∞ limit: WFT
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• An combined WFT-DFT approach is obtained when 0 < µ < +∞

• Prescription for the choice of µ:

in order to merge the best of both WFT and DFT worlds, in terms of accuracy and computational
cost, µ should be chosen so that

(i) multireference effects and dispersion interactions are assigned to the long-range interaction, and
thus treated within WFT

(ii) short-range electron correlation (related to the singularity of the electron-electron repulsion) is
assigned to the short-range interaction, and thus treated within DFT

• Following this prescription, we obtain the following necessary condition:

systems that have no significant long-range correlation effects should be well described within the
HF-srDFT scheme (no need for a post-HF treatment of the long-range interaction)→ µ ≤ µmax
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Choice of µ

•
1

µmax
≈ 2.0 a.u. can be interpreted as an average distance between valence electrons

• For heavier systems, the valence electron density is expected to be more diffuse, leading thus to
smaller µmax values as we observed (0.2 to 0.3)

• When performing calculations on systems with significant long-range correlation effects, µ should
be as large as possible, in order to be sure that the latters are mostly described within WFT (and not
DFT)

• For the purpose of defining a general theory, it is highly desirable to define a universal µ value. We
currently use µ = 0.4

E. Fromager, J. Toulouse, and H. J. Aa. Jensen, J. Chem. Phys., 126 (2007) 074111.
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Esr,µ
Hxc [n] =

1

2

∫
n(r)n(r′)wsr,µ

ee (|r− r′|) drdr′ + Esr,µ
xc [n]

In the dissociation limit:

|r− r′| → +∞ ⇒ wsr,µ
ee (|r− r′|)→ 0

|r− r′| → 0 ⇒ wsr,µ
ee (|r− r′|) ∼

1

|r− r′|

Esr,µ
Hxc [n] ≈ 2×

1

2

∫
nH(r)nH(r′)

|r− r′|
drdr′︸ ︷︷ ︸ + 2× Esr,µ

xc [nH]︸ ︷︷ ︸
↙ ↘

self-interaction error no spin polarization !
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sc-NEVPT2 on top of MCSCF-srDFT
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E. Fromager, R. Cimiraglia, and H. J. Aa. Jensen, Phys. Rev. A 81, 024502 (2010)
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Conclusions and outlook

• Range separation enables a rigorous combination of post-HF and DFT methods

• It is possible to choose an optimal range separation in a non-semi-empirical way (µ = 0.4 a.u.)

• MP2-srDFT (and CC-srDFT) promising for describing dispersion interactions (fast basis set
convergence, small BSSE)

• MCSCF-srDFT promising too ... but real need for better short-range functionals (exact exchange !?)

• sc-NEVPT2-srDFT: tool for describing multireference weakly bound systems (metal-metal
interactions, ...)

• work in progress: TD-MCSCF-srDFT and relativistic MCSCF-srDFT approach
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