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Local evaluation of the energy (in a localised spin-orbital basis)

So-called “lattice representation” (Hy =) h,(eie,) += Z (pqlrs)(eiciee,)
pqrs

One-electron Two-electron
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Local evaluation of the energy (in a localised spin-orbital basis)

So-called “lattice representation” (H) = Z h (02, + = Z (pq|rs)(eieiee,)
pqu
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Clusterization through a unitary one-electron transformation
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Density matrix embedding theory (DMET)
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Clusterization through a unitary one-electron transformation
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Clusterization through a unitary one-electron transformation
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Single-impurity case
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Clusterization through a unitary one-electron transformation
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Embedding based on idempotent density matrices
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Embedding based on idempotent density matrices

Embedding cluster
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Non-interacting bath embedding of a single interacting impurity
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Single-impurity embedding for a 400-site uniform Hubbard ring Ny
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Non-interacting bath embedding of a single impurity

Chemical potential
on the impurity
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Density-functional exactification of single-impurity DMET (for Hubbard)

V(1) = fA™P(n)+...
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The “low-level” full-size non-interacting system of DMET
is becoming the Kohn-Sham system!
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Density-functional exactification of single-impurity DMET (for Hubbard)

Functional-free DFT!

V(1) = fAMP(n)+...

/w S

The “low-level” full-size non-interacting system of DMET
is becoming the Kohn-Sham system!
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Pure State v-Representability of Density Matrix Embedding Theory
Fabian M. Faulstich,™ Raehyun Kim,~ Zhi-Hao Cui, Zaiwen Wen, Garnet Kin-Lic Chan, and Lin Lin*

Cite This: J. Chem. Theory Comput. 2022, 18, 851-864
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Density matrix of non-interacting (or mean-field) systems
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Density matrix of non-interacting (or mean-field) systems
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Density matrix of non-interacting (or mean-field) systems
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Density matrix of non-interacting (or mean-field) systems
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Density matrix of non-interacting (or mean-field) non-hermitian systems
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Density matrix of non-interacting (or mean-field) non-hermitian systems
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Density matrix of non-interacting (or mean-field) non-hermitian systems
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Density matrix of non-interacting (or mean-field) non-hermitian systems
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Density matrix of non-interacting (or mean-field) non-hermitian systems
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Density matrix of non-interacting (or mean-field) non-hermitian systems
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What about an indirect mapping of the 1RDM?

_ — Not physical
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Kohn-Sham DFT

c1>R> +Ey [(ch
Y

(I)L p— (I)R p— (I)KS Regular Kohn-Sham

determinant

}7 — 7ref — }/KS

h

n

5{<¢L ch)]}:o

No explicit density-matrix functional description of electron correlation

30



What about an indirect mapping of the 1RDM?

Not physical




What about an indirect mapping of the 1RDM?

Not physical

(more) physical




Correlation in the 1TRDM seen as a deviation from hermiticity
Looking for a variational principle...

5 { h [}/ref] + EHXC [I’lyref] +WC ll’l},ref, A}7 } =0

Will introduce
non-hermiticity
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Correlation in the 1RDM seen as a deviation from hermiticity

Looking for a variational principle...
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Correlation in the 1RDM seen as a deviation from hermiticity

Looking for a variational principle...

5 {h [}/ref] + EHXC [I’lyref] +WC ll’l},ref, A?] } =0

|

777

Can we map (indirectly) a correlated TRDM
onto a non-interacting and non-hermitian system?
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Numerical experiment: Mapping through cost function minimisation
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For this optimisation, we use scipy AND QuantNbody

lqnb) QuantNBody

An open access python package for quantum
chemistry/physics to manipulate many-body
operators and wave functions

Saad Yalouz

Available on : https://github.com/SYalouz/QuantNBody
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Preliminary results: Symmetric Hubbard dimer
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Preliminary results: Asymmetric Hubbard dimer
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Preliminary results: Symmetric 4-site Hubbard chain

—t =1 —1
K K K Ty

¥ & <
U U U U

4 sites - 6 electrons

Kinetic (hopping) energy —

S. Yalouz and E. Fromager, in preparation (2022).

D

g‘l Fictitious energy
s

T

o

—31
1 Xl()_s

= ; NO IMAGINARY PART !

3 \ I ] l
E

-1

7 10-3 o b —
o Accurate mapping even
(] .

o0 in strongly correlated cas
5 10~

$

c

Ll

@—2.:) FCI
N
g —3.0 e e
< == Regular KS

0

D

15
LT

10 20 30

25



Preliminary results: Asymmetric 4-site Hubbard chain

4 sites - 6 electrons
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