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[T. Gilbert, Phys. Rev. B 12, 2111 (1975),

M. Levy, Proc. Natl. Acad. Sci. U.S.A. 76, 6062 (1979),
S. M. Valone, J. Chem. Phys. 73, 1344 (1980),

C. Schilling, J. Chem. Phys. 149, 231102 (2018)]
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1) Foundational aspects of RDMFT
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S.M. Valone, J. Chem. Phys. 73, 1344 (1980)]



1) Foundational aspects of RDMFT
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Real-valued vs. complex-valued wave functions
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Real-valued vs. complex-valued wave functions
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Real-valued vs. complex-valued wave functions
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v-representability problem

Which 1RDMs are ‘physical’?




v-representability problem

Which 1RDMs are ‘physical’?

Gilbert: F®) (vn) = E(vn) — Tri[hvys]

dist(’y,ap}\,)—m\

Diverging exchange force: |V, F(7)]

[T. Gilbert, Phys. Rev. B 12, 2111 (1975),
C. Schilling, R. Schilling, Phys. Rev. Lett. 122, 013001 (2019)]



2) Ordinary Hubbard dimer

[A.J. Cohen, P. Mori-Sénchez, Phys. Rev. A 93, 042511 (2016)]
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2) Ordinary Hubbard dimer

[A.J. Cohen, P. Mori-Sanchez, Phys. Rev. A 93, 042511 (2016)]
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How about F(ép) ?

Numerical result by Cohen and Mori-Sanchez:
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[A.J. Cohen, P. Mori-Sanchez, Phys. Rev. A 93, 042511 (2016)]
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Numerical result by Cohen and Mori-Sanchez:

How about F((:p)?
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[A.J. Cohen, P. Mori-Sénchez

Can we provide an analytic poof?



How about F((:p)?
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Numerical result by Cohen and Mori-Sanchez:

Can we provide an analytic poof?
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N=2D=3:

[J. Liebert, A.Y. Chaou, C. Schilling, forthcoming (2022)]
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3) Generalized Hubbard dimer

W =U (|1 P1] + [P2(P2|) + V (|P1(P2| + h.c.) + X (|P1 (P3| + [P2) P3| + h.c.)

Basis states:
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[J. Liebert, A.Y. Chaou, C. Schilling, forthcoming (2022)]



3) Generalized Hubbard dimer

W =U (|1 P1] + [P2(P2|) + V (|P1(P2| + h.c.) + X (|P1 (P3| + [P2) P3| + h.c.)

Basis states:

1
1) = clely 0}, 1@2) = clely 0}, [@5) = 5 (chyed, —elyy) 10

|

FP(4) = U + V2X(1 - 2R) sin(e) + %(v _ U sin ()
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[J. Liebert, A.Y. Chaou, C. Schilling, forthcoming (2022)]



U=1,v=0.5 Uu=1v=1
0.4 0.4
0.2 0.2
0.0 0.0
?\
—0.2 —0.21
—-0.4 —0.41
: 0.00 e e
¥, 075 Z0.25 ) 00 02 04 06 08 1.0 00 02 04 06 08 1.0
u 1.00 —0.50 A Y1 Y11
U=1,v=3
0.4
0.21
= 0.0
E-\
-0.2-
—0.4-
00 02 04 06 08 1.0 00 02 04 06 08 1.0

Y11

[J. Liebert, A.Y. Chaou, C. Schilling, forthcoming (2022)]

Y11



U=1,v=0.5
0.4
0.2
S 0.0
?\
~0.2
—0.4
: 0.00 P
Vg 0.75 —0.25 a 0.0 02 04 06 08 1.0
u 1.00 —0.50 A Y11

u=1v=1

0.4

0.2

0.0

Y12

_02<

-0.41

00 02 04 06 08 1.0
711

u=1v=3

02 04 06 08 1.0
Y11

af'(p)
Fermionic exchange force: ~ —*— =
ermionic exchange force R

0.4

~0.41

00 02 04 06 08 1.0
Y11

[J. Liebert, A.Y. Chaou, C. Schilling, forthcoming (2022)]



Summary

e Exploiting symmetries vs. complexities of RDMFT

+ analytic proof of numerical result by Cohen and Mori-Sanchez
based on geometry of quantum states
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+ analytic proof of numerical result by Cohen and Mori-Sanchez
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= Set of non-v-representable 1RDMs depends on interaction

Uu=1v=3

e Derivation of universal functional for the Hubbard dimer
with generic interactions
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Thank you!
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