Methods for reliable Quantum Computing Calculations

Increase the Reliability for Quantum Computing Calculations
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Software engineering for Noise Model Benchmarks

Increase the Reliability for Quantum Computing Calculations

» Software Engineering Models for

Error Mitigation

= Systematic approach to train error
models with Machine Learning and
perform benchmarks for quantum
computing applications
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Volumetric Benchmarking of Quantum Computing Noise Models.
Submitted to IOP Quantum Science and Technology.
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Quantum Computing: Challenges and Transfer into Practical Applications
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Quantum Computing: From Theory towards Applications

From QED in 2+1 dimensions to Flight Gate Assignments

» Variational Quantum Simulations (VQS) for QED

 cigenvalues at dif ferent couplings (g) for OBC lattice

Plaquette operator at dif ferent couplings (g) for OBC lattics
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Detecting a phasetransition
at negative mass
- not possible with MC methods

Clemente G. et al, Strategies for the Determination of the

» Very similar methods for tracking at the LUXE Experiment

LUXE EXPERIMENT SETUP

Q-GNN and VQE for

particle tracking

in the LUXE Experiment
(Laser Und XFEL Experiment)
study of the influence of entanglement

Crippa A. et al, Quantum algorithms for charged particle track
reconstruction in the LUXE experiment, https://arxiv.org/abs/2304.01690
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Quantum Computing: Challenges and Transfer into Practical Applications
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Running Coupling of (2+1)-dimensional QED with
Quantum Computing, https://arxiv.org/abs/2206.12454

Multiple Scattering included 10 Multiple Scattering included
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Methods and Quantum Machine Learning for Experiment

Early examples in Experimental Particle Physics

» Quantum Machine Learning proved to be robust against noise ’
= High Luminosity LHC needs vast amount of simulations with ot = r
200 pile-up events = a formidable computing challenge e - :
= l. CERN
» Develop methods and machine learning applications for QC Iys Openlab

= Q-GAN simulations for detectors (Quantum Generative Adversarial Network)
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=  Full Quantum Angle Generator > modelling correlations and robust against noise
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Rehm, F. et al. Precise Image Generation on Current Noisy Quantum Computing Devices. Subm. to IOP Quantum Science and Technology / PhD Thesis RWTH Aachen
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DESY. QUANTUM and CQTA in Zeuthen

Special focus on Quantum Computing Applications

» Innovation-Funding from Brandenburg:
15 M€ over 5 years for CQTA

= 3access to quantum computer 2> NeW IBM — Hub

= develop applications and use cases

= enable quantum simulations

» benchmark and verify emerging hardware platforms
= provide training in quantum computing

= make new generation "quantum ready”

Already very vibrant and intense connections to industry

Brandenburg Quantentechnology-Network meets in Zeuthen
Research-State-Secretary Dinow visits researchers

DESY.QT Task Force Quantum Technologies at DESY Woodstock Meeting
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