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Why Quantum Chemistry Needs Quantum Algorithms

“Nature isn’t
classical, dammit,
%"‘ and if you want to
~ " make a simulation
. of nature, you
better make it
quantum
mechanical.”
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OTOC® experiment beyond limit of classical simulation

Quantum experiment Classical tensor-contraction cost
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Overview

e Variational Quantum Eigensolver for ground-state molecular energies and
Ising Model

e Subspace Search VQE for excited states.
e Digital Continuous-Time Quantum Walks — protein network centrality.

e Hadamard test + Multi-fidelity Estimation— reaction probabilities.



Variational Quantum Eigensolver
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Simulating the Ising Model using VQE
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Potential energy (kJ/mol)

Molecular Energies using Variational Quantum Eigensolver
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SubspaceSearch: Extracting Excited States

The procedures for SSVQE is as following:

1) Preparation of k initial states {|o;)}* ) orthogonal to each other.

2) Construct a parametrized quantum circuit U(6)
3) Minimize L(0) = ). w; (¥;(0) |H|;(0)). Here, w; is the weight.
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Quantum Simulation of Reaction Probabilities
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Quantum Simulation of Reaction Probabilities
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Quantum Simulation of Reaction Probabilities
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Continuous-Time Quantum Walks for protein centrality

FIG. 1. Residue-interaction network for oxytocin (PDB ID:
1XY1). Nodes are residues; edges indicate C,, contacts under
an 8 A cutoff.



CTQW for protein centrality circuit
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CTQW probability plot
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FIG. 2. Time evolution of node-occupation probabilitics Pi(t) = |(i|1/)(t))|2 for residues ranked by CTQW centrality.



Future!
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OTOC® experiment beyond limit of classical simulation

Quantum experiment
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Classical tensor-contraction cost
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