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How to relate the bare interaction to DFT
and make it less empirical?

In this work — a focus on infinite matter



1. Many-Body Perturbation Theory for dilute Fermi gas
in a effective field theory framework

2. Non-perturbative approach: resummation technique

Goal
obtain explicit and simple form for the energy (self-energy)

as function of:

e the density
e the low energy constants of the interaction



The low-density Fermi gas limit: EFT guidance
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Lee-Yang energy density functional
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Lee-Yang energy density functional

E(p) = Erc+ E® + E@) 4 ...
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v analytical dependence in term of p and as

Difficulties of the perturbative approach

e Perturbative approach valid if |askg| < 1

e Non perturbative approaches
e Standard MB techniques: BHF, SCGF, QMC, AFDMC, ...
v/ very powerful
not explicit in askg
e Resummation technique

v/ analytical in askr (compatible with a DFT point of view)



Basics of diagrammatic framework at zero temperature
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Ladder approximation for the energy

Energy resummation
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Ladder approximation for the energy

Energy resummation
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accessible phase space

v Contains terms to all order in (askr) in a compact form
v Expansion in (askg) — Lee-Yang formula
v/ Finite limit at unitarity (as — 00)

Implicit function of p = k2 /372 (goal: explicit function)
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Ladder approximation for the energy

T
""" Lee-Yang |
ENS 2010
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— pp ladder resummation
— = pp/hh ladder resummation
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(askp)t ENS exp: [Navon et al., Science 328 (2010)]

v/ correct limit at askg < 1 (Lee-Yang expansion)
v finite limit at unitarity

X strong dependence of retained diagrams

X complicated function of (askr)



Phase-Space average Approximation @
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Applications
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— non-empirical

C, D, F: higher correlations (fit)

— empirical
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v unitary limit reproduced
X Lee-Yang formula
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Phase-Space average Approximation
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v Unitary limit well reproduced
(accepted value: & = 0.37)

v/ Exact Lee—Yang expansion

v No adjustment !




Discussion

Dynamical response
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X effective mass m* X pairing gap A
[AB, Lacroix, PRC97 (2018)]

Goal: extend to self-energy — quasi-particle properties (focus on m*)
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Quasi-particle properties:
Self-Energy Resummation

Ladder Resummation +

Phase-Space average Approximation



Link with Landau theory of Fermi liquid
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Link with Landau theory of Fermi liquid

Eine = Zkklveff(kak/)nknk’
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Hugenholtz — van Hove theorem (HvH theorem)
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Ladder approximation: single-particle ene
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X bad prediction for askr > 1: pathological
X strong dependence of retained diagrams
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PS approx.
[E = [Ezg +/ E(s, t) > Eps
st Lee-Yang
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PS approx.
[E = [Ezg +/ E(s, t) > Eps
st Lee-Yang
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PS approx.
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Phase-space average approximation: GPS case
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Phase-space average approximation: GPS case
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Phase-space average approximation: GPS case
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Phase-space average approximation: GPS case
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Single particle ener
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v/ pathologies removed for

askp > 1 (better prediction)

v simpler function of the density
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Chemical potential and effective mass
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v Expansion valid up to (askr)? — Galitskii formula
v Simple and explicit dependence in density
v/ Finite limit at Unitarity
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Discussion
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It seems difficult to enforce unitarity without adjustment
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e Ladder (pp or pp/hh) resummation from E to ¥*(k)

X quite complex density dependence
X strong dependence on the selected diagrams

e Phase-space approximation of the energy

v/ simple and explicit density dependence

v/ predictive from low density to unitarity without adjustment
e Phase-space approximation of the self-energy

v simple and explicit density dependence

v/ predictive at low and intermediate density

X Unitary limit far from expected results: need to be adjusted
X Pairing effect: from normal to superfluid

Perspective

Make explicit the link with density functional theory
— apply to finite systems
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