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Reasons for ignoring electron correlations at low energy
V. Weisskopf Sciewe 13 (ol (195

e In quantum mechanics, the effect of interaction is to
scatter a particle from one state to another.

e Although the interactions are strong, at core level,
because of Pauli principle, all states are occupied.
There is no state to scatter to. -

e Screening

e Only true at low energy
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Well known models of independent particles

e Landau Fermi liquid theory

S CLlal maiimtiiions af il i el

Examples where electron correlations are
important

o Fractional quantum Hall effect: elementary excitations
have fractional charge such as e/3.

e High T. superconductors.

e Rare earth compounds.

e Mott insulator: insulator when the band is half filled.
e Magnetism, both ferromagnets and antiferromagnets.

« Catalysts involving transition metals, computer
assisted catalyst design. $

e Quantum chemistry.



Why th bl f i ? i
Y the problem of correlated electrons is hard Numerical methods for correlated electrons

e independent fermions:
e Quantum Monte Carlo,
- - —— difficulty with the 'minus sign’ problem.

e Exact diagonalization,
— — —+ limited to small systems.

e Configuration interaction,
incomplete treatment of correlations.

e Density functional theory,
unknown energy functional.
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* Interacting fermions: all configurations needed.
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Great fleas have lesser fieas

renormalization group
Hilbert space pruning

Upon their backs to bite 'em.

And lesser fleas have lesser still,

And so ad infinitum

Johnathun Swift
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Wilson’s paradigm
A hierarchy of energy scales in the hamiltonian

H =s-sy+0.1828;+ 0.01 s3-8.4 + 1070 540835 + ...

We are only interested in the low energy excitations

s, S. S3 —-
$—t—t
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e For a general hamiltonian, the hierarchy of energy
scales required s unfortunately not apparent. In fact—
for the Hubbard model we have discussed, all the
interactions have the same strength.

H=—t z): (CIGC]'U + hC) + UZR,‘TTLQ
P: -

i))o

* Can we make aenergy hierarchy by suitably choosing
single particle orbitals?

e For the two dimensional Hubbard model, an explicit
construction can be made. The hamiltonian displays
an exponentially distributed hierarchy of energy scales.

(S. Liang, J. Pk s. Chem. Solids, HA-press).
8 y ° _s_’_é 1724

* A variational procedure has been formulated to select

optimal orbitals with energy hierarchy. (S. Liang,
Phys. Rev. Lett., 75, 3493 (1995)).
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Hubbard model
U
H= I:Z f(k)CIo.Cw + -J_V-— ) CITCI¢Ck’+qick—qT
(ol k.k!q
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Hartree-Fock theory
Yar = «% det(9;(r:)) 5""”{
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e Complete set of (ﬁ) states from HF orbitals

e However, they are not the eigenstates of H since
(U2|H|¥yr) # 0

1 LI+
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e There are 5 particles, three of them fill 3 core levels

the other two are allowed to fluctuate among 4 valence
levels and the remaining 3 levels are empty.

. 6
1) = < Gi|¥:)
1=
e Optimize this wave function with respect to C;

e Optimize the single particle orbitals YVo.ox = 1,...,10 to

take into account the largest correlation energy ignored
in the HF theory.
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e sl \ bitals, diagonalizethe

After optimizing the single partlcle orbita 2} :

h m’irlton':anl l(\I’-\Hl‘I’j) within the 6 dimensional Hilbert
d 1

space, |1) is the ground state.
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|valence 2) = important L lempty) & [filled)

from step 1/

Optimize |empty) among the remaining three orbitals (and
the same with |filled) ) to take into account the next largest
correlation energy.
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Testing the procedure on an exactly solvable model
H=-t %:(C-;TCH-I + CLICi) + V?'niniﬂ

H can be diagonalized using Bethe Ansatz(C. N. Yang and
C. P. Yang, Phys. Rev. 150 321 (1966)).

Mott Insulator for V' > 2t at half filling.

rJ

0.5f

-12.074

V= — LS ¢

H

-12.476

-12.529
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Adaptive Renormalization Group

e The process of selecting new orbitals 1s
quite similar to the Hartree-Fock theory

e The effects of correlation ignored in
Hartree-Fock theory are systematically

included.

e The method is completely general,
applicable to atoms and molecules.

e Qur new method can become an enabling
technology useful to other scientists.



