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Motivation

m VOQE is hard to optimize due to

T1,T2 noise

Depolarizing noise
Measurement noise

Statistical error of observables

m Are there any way to avoid it?



Overview of the method

The idea In short:

Quantum Selected Configuration Interaction
with the sampled basis from the HF wavefunction

1. HF on a Quantum Computer?

2. Quantum Selected Configuration Interaction?




nitial basis set

Hartree-Fock ansatz

LHgiaJu
m Hartree-Fock wavefunctionon a QC

m Needsfewer shotsthan VQE to optimize and measure energy
- ©Measurement of only alT a;

- ©@Error mitigation schemes
m Post selection
m Positive trace
m  McWeeny purification

- ©Optimization with only azr a; and

m ® HF wave functionis not so close to the ground state
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Quantum computer Classical computer
and state-vector
in the subspace

QS C I Input state ;) -

prepared by, e.g., VQE,
adiabatic state preparation, ...
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FIG.1.[2]

m A kind of Configuration Interaction(Cl)
— CISD contains HF, single and double

m QSCI contains the basis QC often emits
- Diagonalize Hamiltonian within the spanned basis

m No need for the exact coefficient of each basis
- ©No need to measure it exactly

m Itjust needs what basis seems important.
-  ©@Robustto noise
- ©Fewer shots than measuring energy

m  ® No criteria to optimize wave functions




Pros and Cons of HF and QSCI

m HF ansatzis
- ©easy to optimize
- @®inaccurate wavefunction
- @still a bit noisy energy estimation

m QSClis
- ©exact wavefunction within the spanned space
-  ©exact energy
- ®no general optimization scheme




Combination of HF and QSCI

m HF ansatzis
-  ©easy to optimize
- @®inaccurate wavefunction
- @still a bit noisy energy estimation

m QSClis
- ©exact wavefunction within the spanned space

-  ©exact energy
- ®no general optimization scheme

m OEach solves the missing part of the other!




Combination of HF and QSCI

m HF ansatzis

© easy to optimize
& inaccurate wavefunction
@ still a bit noisy energy estimation

m QSClis

© exact wavefunction within the spanned space
© exact energy within the spanned space
® no general optimization scheme

m OEach solves the missing part of the other!

m HF wavefunction is

not so accurate but enough to sample the important basis



What is Quantum advantage?

m HF calculation itself is easy (N: number of electrons)
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m o obtain some of the largest coefficient (WI|| be) hard classically
but is easy for Quantum computer

- Classically
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