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Low-energy states of realistic Hamiltonians are heavily constrained
by locality so that they must obey the entanglement area-law.

Many-body Hilbert Space

Area-law states
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Corner of relevant states

Orus, Ann. Phys. 349, 117 (2014)
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Beyond Hartree-Fock
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Weak or broken bonds involving a large occupation of antibonding
orbitals cannot be described by a single determinant.
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Remaining correlation associated with the instantaneous short-range
electron-electron interactions.
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PBE Family
» PBE

Only satisfy conditions which are energetically significant.
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TABLE I. Expansion coefficients C,,, n =0, . .., =N, for higher-order finite-difference expressions of
the second derivative.
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Gaussian-type orbital (GTO)
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» complete neglect of differential overlap (CNDO)
» intermediate neglect of differential overlap (INDO)

» neglect of diatomic differential overlap (NDDO)
MNDO. AMI. PM3. PDDG



Extended Huckel Theory
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Quantum Computation

“Nature isn’t classical, dammit, and if you want to make a simulation
of nature, you’d better make it guantum mechanical”

Feynman, Int. J. Theor. Phys. 21,467 (1982)

Classical
® O
@ 1
N |Y) = |0) or |1) |Y) = al0) + bl1) 2N
= cos§|0) +e""’¢sin€\1>
2 2
Universal Bit Operator Universal Qubit Operators
{NAND,NOR,NOT} {(H,T,CNOT}



Two Qubits and Entanglement
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Quantum Gates
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Pauli gates
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Quantum Algorithm

State Preparation Unitary Evolution Measurement
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Random Number Generator

> start with a qubit initialized in the state 0
> apply H to create a superposition in which the probabilities
for 0 and 1 are the same

0 0
LY e

———————————

> call this operation several times to create binary random
number 100101001010



Quantum Computers
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Variational Quantum Eigensolver

> A hybrid quantum-classical algorithm
» Parametrized wave function
(¥(6)) = U(6)|¥o)

U(0) is a unitary operator or a product of unitary operators

» Rayleigh-Ritz variational principle Wy = eT-T% g,

E = mein(W(H)|ﬁ|W(9))

Peruzzo, et. al, Nature Comm. 5, 4213 (2014)
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