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systems with many particles are
difficult to solve

→ density functional O [ρ]:
density “good” degree of
freedom (3N → 3)



Hohenberg-Kohn Theorem

I HK: Ô can indeed be written as density functional:

O [ρ] = 〈ψ [ρ]| Ô |ψ [ρ]〉 .

I e.g. energy functional: E [ρ] = 〈ψ [ρ]| Ĥ |ψ [ρ]〉.

I provides no recipe for computation:
I nuclear physics: minimization of global ansatz for the energy density functional
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I provides no recipe for computation:
I nuclear physics: minimization of global ansatz for the energy density functional

February 13th 2017 | 637. Wilhelm und Else Heraeus-Seminar | Martin Pospiech | 4

P. Hohenberg und W. Kohn, Phys. Rev. 136, B864-B871 (1964)



Hohenberg-Kohn Theorem

I HK: Ô can indeed be written as density functional:

O [ρ] = 〈ψ [ρ]| Ô |ψ [ρ]〉 .
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challenge: compute density functional from microscopic interactions

P. Hohenberg und W. Kohn, Phys. Rev. 136, B864-B871 (1964)



An RG Approach to Density Functional Theory

I start with partition function:

Zλ [Jσ] =
∫
DΨ†DΨ e−Sλ[Ψ†,Ψ]+

∑
σ

∫
τ

∫
x Jσ (τ ,x) (Ψ†σ (τ ,x)Ψσ (τ ,x))

≡ e Wλ[Jσ ] .

I flow parameter λ links free and interacting theory:

S → Sλ .

I two-particle point-irreducible (2PPI) ansatz: Ψ†σ(τ , x)Ψσ(τ , x).
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An RG Approach to Density Functional Theory

I “classical” action:

Sλ =
∑
σ

∫
x

∫
τ

Ψ†σ(τ , x)
(
∂τ −

1
2
∂2

x + V (x)
)
Ψσ(τ , x)

+
λ

2

∑
σ,σ′

∫
x

∫
x′

∫
τ

∫
τ ′
Ψ†σ(τ , x)Ψ†σ′ (τ

′, x ′)Uσσ′
(
τ , τ ′, x , x ′

)
Ψσ′ (τ

′, x ′)Ψσ(τ , x) .
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∂λWλ = −1
2
ρσ · Uσσ′ · ρσ′ −

1
2

Tr
[
Uσσ′ ·

(
W (2)

σ′σ + ρσ′ · 1(σ,x)

)]
.
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An RG Approach to Density Functional Theory

I expanding Wλ[J] about J = 0:

Wλ [Jσ] = Wλ[0] +
∑
σ

∫
τ ,x

W (1)
λ,σ[0](τ , x) Jσ(τ , x) +O

(
J 2
σ

)
.

I expansion in n-density correlation functions

I coefficients depend on flow parameter λ

Wλ[0] ∼ Egs,λ ,

W (1)
λ,σ[0](τ , x) ∼ ρgs,λ,σ(τ , x) ,

W (2)
λ,σσ′ [0](τ , τ ′, x , x ′) ∼ G(2)

λ,σσ′ (τ , τ ′, x , x ′) .
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One-Dimensional Nuclear Model

u0
σ1
√
π

e
− (x1−x2)2

σ2
1 − u0

σ2
√
π

e
− (x1−x2)2

σ2
2
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→ parameter choice reflects saturation properties of real nuclei

ū0 ≡ u0 L0 = 2.4
σ̄2 ≡ σ2 L−1

0 = 4.0
L0 ≡ σ1 = 0.2

C. Alexandrou, J. Myczkowski und J. W. Negele, Phys. Rev. C 39, 1076 (1989)



One-Dimensional Nuclear Model:

Two-Body
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One-Dimensional Nuclear Model:

From Two to Few
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E∞ = infLE(L)

∼ 30% deviation

MC: C. Alexandrou, J. Myczkowski und J. W. Negele, Phys. Rev. C 39, 1076 (1989)
S. Kemler, MP, J. Braun, JPhys. G. Vol. 44 (2017)



One-Dimensional Nuclear Model:

Two-Body
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One-Dimensional Ultracold Atoms
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g δ(x1 − x2) (1− δσσ′ )

ḡN ≡
g L
N



One-Dimensional Ultracold Atoms
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g δ(x1 − x2) (1− δσσ′ )

ḡN ≡
g L
N

experimentally accessible!
→ G. Zürn et al. PRL 108, 075303 (2012)



One-Dimensional Ultracold Atoms:

Two-Body
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J. Braun, S. Kemler, MP, in prep. . .



One-Dimensional Ultracold Atoms:

Few-Body
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MC: L. Rammelmüller et al., Phys. Rev. A 92, 013631 (2015) DFT-RG: includes 3rd order PT
J. Braun, S. Kemler, MP, in prep. . .



Conclusions

I constructive scheme for density functionals from microscopic interactions:

Zλ ∼
∫
Dψ†Dψ e−Sλ+J·(ψ†ψ) −→ ∂λWλ = ... −→ Egs, ρgs, G(2)

I computation of n-density correlation functions 〈ρ(x1)ρ(x2) ...〉

I RG approach to density functional theory contains many-body perturbation
theory

I local and non-local interaction types:
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Thank you for your attention!
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