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Quantum Programming in Innsbruck Quantum Cloud
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Quantum Programming in Innsbruck Quantum Cloud




Quantum Programming in Innsbruck Quantum Cloud
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Quantum Programming in Innsbruck Quantum Cloud

Theory-Experiment Correlations
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frapped lons as Quantum Computers & Simulators:
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Hybrid Classical-Quantum / Variational Algorithms on PQS

e best answers’ for ‘given (non-universal) quantum resources’
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Variational Quantum Simulation / Variational Quantum Eigensolver

The Feedback Loop K YOUPsV
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The Idea of Variational Quantum Simulation
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The Idea of Variational Quantum Simulation

The Feedback Loop K YOUPsV
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The Idea of Variational Quantum Simulation N B
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The Idea of Variational Quantum Simulation —

Procedure of one function evaluation ,
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The Lattice Schwinger Model

Quantum Electrodynamics in 1D
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The Lattice Schwinger Model

Quantum Electrodynamics in 1D
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fermionic matter field

e @
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1D: Jordan-Wigner: fermions — spins

Symmetries of Schwinger Model

Schwinger Hamiltonian (Kogut-Susskind)
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Variational Quantum Simulation

Target Quantum Resource (physical)
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Variational Quantum Simulation

Target Quantum Resource (physical)
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Variational Quantum Simulation with Symmetry-Protecting Circuit

The Feedback Loop
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Optimization Trajectory for Schwinger Ground State
20 ions, 15 parameters, circuit depth = 6, budget: 10° calls to quantum simulator
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Optimization Trajectory for Schwinger Ground State
20 ions, 15 parameters, circuit depth = 6, budget: 10° calls to quantum simulator

Optimization trajectory (exp)

| A6

Convergence of experimental energies
E@;)) =(Y@O;)|Hr |¥Y(0;)) vs. iteration number
i of the DIRECT optimization algorithm

3

2
«— color-coded distance to final state

1
di,final = 5[1 _HiT ‘Hfinal/(|9i||0final|)]

1

. -.' findirghexgited state (exact
. — ( )

<— ground state (exact)

exploration vs. refinement
red line: algorithms current estimate



Optimization Trajectory for Schwinger Ground State
20 ions, 15 parameters, circuit depth = 6, budget: 10° calls to quantum simulator

Optimization trajectory (exp)

Parameter optimization in noisy energy landscape
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The Classical Optimization Algorithm (Overview)

R van Bijnen

Stochastic DIRECT search

- Global optimization problem with many

local minima
0,
. Identifying promising regions in
- Very noisy problem a 2D search space

. Peaks from selecting large
- We cannot use gradients unexplored regionngQ\
AN

- Optimization with error bars requires
elements from decision theory: Optimal
Computational Budget Allocation (OCBA)

W

= Dlviding RECTangles (DIRECT)
global optimization algorithm

Ground state energy
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number of function evaluations

Jones et.al. Lipschitzian optimization without the Lipschitz constant. Journal of Optimization Theory and Applications, 79(1), 157-181. (1993)
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Measurement of Error Bars ['Algorithmic Error’]
8 ions, 10 parameters

48 _I:I:||Al9| mI:O.l, ,,'U:g-:' ] - we can not only compute the optimal energy
0 -1 2 3 4

Ey) = (¥g | Hr | ¥g) — min

and wave function,

* but also measure the error bar as energy

4F - - - - - — variance
% @ Experiment exact Particle Density

o T | XTheory ground state ~ ©®®®®®®® 0 2 0 &
<i'§ 3 ®eocccses [|°° (AEé )) =(VYp | (Eé ) HT)
~ %00000000 0.8 /

S XYY YY)
i oL O XX YYYY) 0.7 | ; /V

5 @ %"“““ 0.6 E() exp algorithmic error
> ° ° At :
= _*_@) _LU(AeXp) (vs. projection noise)
o | e N R R R R

e 2071 | ge gl EMtheory
A Ao and monitor convergence with # iterations,

0 100 200 300 400 and/or increasing depth of quantum circuit

Iteration number |




Quantum Phase Transition in Schwinger Ground State

8 ions, 10 parameters

e order parameter
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e Measure entanglement entropy (Renyi)
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