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|. Introduction

Variational quantum eigensolver (VQE)

T : The variational quantum eigensolver (VQE) is a
,  Quanumocireutts Classicalgreuts hybrid quantum-classical algorithm typically used
E N ! . j to approximate the ground energy of a Hamiltonian
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N S5 3 if Our work replaces the expectation estimation
3 ¥ §§ 5 subrou.tine of VQE by a vers.ion of Bayesian QPE
S ma B s S 5 [1], which we name a-QPE, in order to reduce the

subroutine’s run-time by up to a square root. This

: ennnn s : IS possible by exploiting quantum coherence time.
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|| @-QPE estimationof | i ; This is the a-QPE circuit which is iterated to find

1] 2 WDIPy [y () el | 3 an eigenphase  of U. Before each iteration, the

o . § a-QPE estimation of | 1 ! , LR 3 real tuple (M, 0) is chosen as (1/6% u — 6) where p,

1|5 |_) WOl Ty ez ) | g o is the current mean and standard deviation on

A 3= S3[7 £ the Bayesian posterior of .

z 8 g s
S — &S] | g Notation: Z(M0) = diag(1, e=™%), | + ) is the +1 X
S| 5  @-QPE estimation of ' | O S : : :
WD) Py (D)) —'—>5 5 eigenstate, measurement in the X basis.
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el I o) o) With U defined by the right circuit, Knill et al. [2]
(xQE . éR +1 e i 1(6_23 O(( - i fg”) ) showed that |y) is always in a 50:50 superposition
o {Or + logn) o o8 0 {Cr + logn) ) of two eigenstates of U with eigenphases *¢
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respectively where ¢ = 2arccos(|1 + (y|P|wy)|/2).
e et e e e b o e o . 0,11 e e potmese sttt 10 Running a-QPE with this U estimates the
expectation value (y|P|y). This differs from

Boxed N red : up {0 standard expectation estimation which uses
' statistical sampling.
square root speed-up

circuit depth of a-QPE. Note that 0-VQE would never be advantageous over VQE but is included for completeness.

Notation: II=7-2]0)(0|, R:]0...0) = |y).
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