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systems with many particles are
difficult to solve

° — density functional O[p]:
density “good” degree of
) freedom (3N — 3)
Nuclei Atoms

Ultracold Gases Neutron stars -
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» HK: O can indeed be written as density functional:

Olpl = W [pll Ol [pl) -

P. Hohenberg und W. Kohn, Phys. Rev. 136, B864-B871 (1964)
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» HK: O can indeed be written as density functional:

Olpl = W [pll Ol [pl) -

» e.g. energy functional: E[p] = (¢ [p]| H | [p]).

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

challenge: compute density functional from microscopic interactions

P. Hohenberg und W. Kohn, Phys. Rev. 136, B864-B871 (1964)
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» start with partition function:

ZA [JO'] — /D\UTD\U e_SA[\UT’W]*'Ea fT fx Jo (7,X) (\UZ(T,X)\U(,(T,X))

= e Wl1

J. Polonyi und K. Sailer, Phys. Rev. B 66 155113 (2002) A. Schwenk und J. Polonyi nucl-th/0403011 (2004)
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2\ [Jo] = /D\UTDWG—SA[\UT,\UPEU S [ domx) (W )Wo (7.x))

=e WildsT

» flow parameter A links free and interacting theory:
S— S,.

» two-particle point-irreducible (2PPI) ansatz: V! (7, x)V, (7, x).

J. Polonyi und K. Sailer, Phys. Rev. B 66 155113 (2002) A. Schwenk und J. Polonyi nucl-th/0403011 (2004)
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» “classical” action:

s-> / / wi(r,x) (67 s V(x>> Vo (r,x)
+%Z// // Wi, W (7 XV Upor (7,73, X ) W (7, X W (1, ) .
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» “classical” action:
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S\ = Z/X/T\UI,(T, X) (aT — 50+ V(x)> Vo (7, X)
+ % > / / / / / VLV XV Uoor (7,7 %X ) W (77, X)W (7, X).
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1 1
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» expanding W, [J] about J = 0:
WA[JU]_WA[O]+Z/ 107, X) Jo (7, %) + O (J2) .
» expansion in n-density correlation functions

» coefficients depend on flow parameter A

W)\[O] ~ Egs,A ,

WO 1017, X) ~ peso (7, %)
W)(\Z!LJ,[O](T, 7, %, x') ~ G®

o (T, 7 X, X))
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— parameter choice reflects saturation properties of real nuclei

C. Alexandrou, J. Myczkowski und J. W. Negele, Phys. Rev. C 39, 1076 (1989)
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S. Kemler, MP, J. Braun, JPhys. G. Vol. 44 (2017)
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g 5(X1 - X2) (1 - 500”)
experimentally accessible!

—> G.Ziim etal. PRL 108, 075303 (2012)
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ENES /DwTDw oSl — O\ Wy = .. — Egs, pgs, G2
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» computation of n-density correlation functions {p(xq)p(x2) ...)

» RG approach to density functional theory contains many-body perturbation
theory
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v

constructive scheme for density functionals from microscopic interactions:

Zy ~ /Dw’fvw e~ ST Y) — oy Wy = .. — Egs. pgs, P

v

computation of n-density correlation functions {p(xq)p(x2) ...)

v

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

v

local and non-local interaction types:

:
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Thank you for your attention!
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