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FElectron correlation problem

N interacting fermions

— ground state energy”



wave function functional
Versus .
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most economic!
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conjugate variables

all Hermitian operators on Hy
exponentially large!



— universal functional F (%) 7

— relation to Pauli principle ?



Levy-Lieb constrained search:

[M. Levy, Proc. Natl. Acad. Sci. U.S.A 76, 6062 (1979),
E. H. Lieb, J. Quantum Chem. 24, 243 (1982)]
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= functional theory




domain of F(%)?



Levy-Lieb: F(¥) = min Try[W I'y]

pure states

(WA

[S-M. Valone, J. Chem. Phys. 73, 1344 (1980)]

“oengfalized Paull constraNts” “Paulil constraints”

[A. Bfachko, J. Phys. Conf. Ser. 36, 72 (2006
M. Altunbulak, A. Klyachko, CMP 282, 287 (2008)]
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Outline

1) Functional theory for excited states

2) Generalized exclusion principle



1) Functional theory for excited states

variational principle for

excited states?
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GOK variational principle
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[E. K. U. Gross, L. N. Oliveira, W. Kohn, spec(fy) = w i
Phys. Rev. A 37, 2805 (1988).] :

application to Hy = AVH,

+ Levy-Lieb constrained search

w-ensemble RDMET

universal functional F, (%)
on the domain &y (w) = NTry_[EY (w)]

[CS, S.Pittalis, Phys. Rev. Lett. 127, 023001 (2021)]
[J.Liebert, F.Castillo, J.-P.Labbé, CS, J. Chem. Theory Comput. 18, 124 (2022)



w-RDMET
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too complicated [CS, S Pittalis, Phys. Rev. Lett. 127, 023001 (2021)]



exact convex relaxation:

F1

(1) extend F, to conv(Ex(w)) :

Fow = 00 on conv(Ex(w)) \ Ex(w)

(11) replace Fyy — Fp := conv(F,)
“lower convex envelope”



2) Generalized exclusion principle

— duality principle:

7 minimization of linear

functional Tr; (hA]
on conv (& (w))

e

extremal point of conv(&y (w))



unitary mvariance:

i conv(Ex(w)) 4" = conv(Ex(w))

|

restriction to Spe(:¢ (conv(cﬂr(w)))

d
e, h= Z hil7)(7] with fixed eigenbasis
j=1
and hlghzg...<hd



mathematical problem

minimization of linear
functional Try[h4]
on conv(Ey (w)) for all A min Tr;[74]

4 € conv(Ek )

— Indeed, since:
e —
physical problem min_Try[Aly]

[y € conv(EN w))

understanding excitation
spectrum of non-interacting

fermions

easy!
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where ¢ = (iljigj A ,Z'N),l < <...<aiy<d
and [2) = f z‘T e f 'T 0) “configuration”
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1t remains to find energetic ordring of various 2

for more details please see:

[CS, S.Pittalis, Phys. Rev. Lett. 127, 023001 (2021)]
[J.Liebert, F.Castillo, J.-P.Labbé, CS, J. Chem. Theory Comput. 18, 124 (2022)
[F.Castillo, J.-P.Labbé, J.Liebert, A.Padrol, E.Philippe, CS, arXiv:2105.06459]



hierarchy of exclusion principles

H w:(wl,o,...)




arbitrary r? more complicated!

[F.Castillo, J.-P.Labbé, J.Liebert, A.Padrol, E.Philippe, CS, arXiv:2105.06459]
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inequalities “independent” of N and d / A\Q

= Infinite basis set limit possible!
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Summary

GOK variational principle 4+ constrained search

= w-RDMFT for excitation energies

convex relaxation = feasible w-RDMEF'T
|CS, S.Pittalis, Phys. Rev. Lett. 127, 023001 (2021)]
|J.Liebert, F.Castillo, J.-P.Labbé, CS, J. Chem. Theory Comput. 18, 124 (2022)]

= complete hierarchy of exclusion principles
[F.Castillo, J.-P.Labbé, J.Liebert, A.Padrol, E.Philippe, CS, arXiv:2105.06459]

same story again for bosons!
[J.Liebert, CS, arXiv:2204.12715]

/’/ AR
universal functional? long-term endeavour t\@"ﬂ
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origin of mixedness?
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