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Many-Body problem
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Many-Body Perturbation Theory

¥ 1-body Green'’s function
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Strong correlation: how to capture it?

% Bulk NiO (ParaMagnetic phase)

| | ! |

.‘5 — i Experiment 400
%‘g | standard theory ——
i :
EE: :
5 = A
o, 0O
% Lo :

-10 0 10 20

Energy (E — Ef) [eV]

Stefano Di Sabatino’s private communication

ferromagnetic planes are stacked

antiferromagnetically along the [111]

axes with their magnetic moments
~aligned in the [111] planes
~along one of the [11-2] directions




Test model
% Simple system

% Exact solution for benchmarking

> Direct link between molecular orbitals and natural orbitals

X Study quasi-degeneracies and (spin/charge) symmetry breaking
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Test model
% Simple system

X¥ Exact solution for benchmarking

> Direct link between molecular orbitals and natural orbitals

X Study quasi-degeneracies and (spin/charge) symmetry breaking
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: spectral function
% Conclusions & Outlooks




Occupation numbers and correlation
% Dimer at 1/2 filling
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Occupation numbers and correlation
% Dimer at 1/4 filling
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Spectral function and correlation

% Dimer at 1/4 filling
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Atomic limit at 1/2 filling
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Spectral function and correlation

% Dimer at 1/2 filling
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Occupation numbers and correlation

% Dimer at 1/2 filling
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% Dimer at 1/2 filling

Occupation numbers and correlation
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Occupation numbers and correlation
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% Dimer at 1/2 filling
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Reduced Density-Matrix Functional Theory
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Occupation numbers in RDMFT
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Spectral function in RDMF 1297



Spectral function in MBPT
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The Many-Body Effective Energy Theory

1.Treat separately Gﬁ(w) and Gjb.% (w) as it is done in experiments.

k,A
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direct photoemission (G£)
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2. Introduce a dynamical effective energy, 5? / (w), which describes &

all the poles of GS/A(w).
This effective energy can be expressed in terms of n-body density

matrices.

3. Truncate the series in terms of density matrices to low order to obtain
practical approximations.

S. Di Sabatino, J.A. Berger, L. Reining, and P. R., Phys. Rev. B 94, 155141 (2016)



The Many-Body Effective Energy Theory
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The Many-Body Effective Energy Theory
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The Many-Body Effective Energy Theory
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The Many-Body Effective Energy Theory
* 5 (w)
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The Many-Body Effective Energy Theory
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Physical meaning of 6"/ (w)
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The Many-Body Effective Energy Theory

¥ 12 sites at 1/2 filling
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The Many-Body Effective Energy Theory

¥ 6 sites at 1/6 filling
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The Many-Body Effective Energy Theory

¥ 12 sites at 1/2 filling
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MEET + RDMFT

K

T . T . ; | | ' |
8 XPS-66eV - g AF XPS-66eV -
g = XPS-120eV o 1) = XPS-120eV -
== E & : BIS -
EE- EE: ° o085
88 3= .
O & o
) %

-10 0 10 20

-10 0 10 20
Energy (£ — EF) [eV] fni)

Energy (E — Ef) [eV] S (nj)

S. Di Sabatino, J.A. Berger, L. Reining, and P. R., Phys. Rev. B 94, 155141 (2016)



MEET + RDMFT
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MEET + RDMFT
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Conclusions & Outlooks

* Whether a system “is” correlated or not depends on how one looks at it

* Spin-resolved total spectral function and momentum distribution cannot
distinguish between AF and PM phases.

X Spectral function from a many-body effective energy theory promising

Simple approximations give accurate spectra in model systems at
weak and strong correlation (without symmetry breaking)

5 (w)(1- and 2-body reduced density matrices) produces a qualitative
correct spectra for the AF and PM phases

How to go beyond §(1) (w)?
» Reduced density matrices from QMC

» Effective 61 (w)



