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(Fermionic) Excitations:

eiataa — H.c. )

V(@) = N

Qubit Rotations:
U(6) = e %26 with G2 = 1

This work’s optimizer:

ExcitationSolve

v Quantum-aware optimizer

v/ For physical excitation operators

Optimization step of (fermionic) excitation operator: (same quantum resources)

X _No quantum-aware optimizers

v Quantum-aware optimizers exist nizers
v Physical, e.g., conserve (N)

X Unphysical, e ., (N) # const

ExcitationSolve

(this work)

0; < argminy fy(6;) Gradient Descent

6 < 6— a- 57y6)

i Exploits analytic form:
3; fol8;) = a, cos(6)) + a, cos(26)) +
~ by sin(8)) + by sin(f)) + ¢ .
> N |
2
)
c
L
0 27

Parameter ()j

It can be used for both adaptive- and fixed ansatze

» ExcitationSolve both for operator selection and optimization
(Fig. 3)

» |nitialize new operators with optimal parameter

» Multi-parameter optimization can avoid and help escape local
minima (Fig. 2)

» Combine with Energy Sorting 13! to build ansatz with a single
iteration over operator pool

Publications:

3)

Fixed ansatz

Introduction

is a fast globally-informed
optimizer  for  physically-

ExcitationSolve
gradient-free

motivated ansatze constructed of excitation
operators, a common choice in variational
guantum eigensolvers. This new optimizer
determines the global optimum along each
variational parameter using the same quantum

resources that gradient-based
require for one update step (Fig. 1).
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Adaptive ansatz

Publication on ArXiv:

» Jager, Kaldenbach, Haas, Schultheis
,Fast gradient-free optimization of
excitations in VQEs”

» Code on GitHub

Coming soon:

» Reviewed Journal publication

» Follow-up publication Code

[

-
—
l

—

-
)
|

-

N
[
|

Paper

Energy difference to FCI [Ha|

- — 2
_ < <
Eadam l !((:‘
:

Espsa . j g
EcoByLa 107 5 ! j y
Enros ' EapaprT j %

EEXC.Solve %

Eexc.solve

EExe.Solve2D jj
D Exc.Solve fixed j

a
I
-
i

o

< chem. acc.

—

3
w
|

EEXC.Solve ES

Energy difference to FCI [Ha]

p—

=
I
|

1] Peruzzo et al., 2014, Nat. Comm. '

o 0 2500
2] Grimsley at al., 2019, Nat. Comm.

3] Fan et al., 2023, J. Phys. Chem. Lett.

5000
#Energy evaluations |-]

101 102 103 10% 10°
#Energy evaluations |-]

i DLR

7500 10000

% Bundesministerium DLR "
fir Wirtschaft . M
und Klimaschutz ' Quantencomputing ¢Ua ntl CO
\ Initiative rd




	Folie 1

