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LUXE (Laser Und XFEL Experiment) is a proposed DESY experiment using the European XFEL

electron beam and a high-intensity laser. The experiment’s primary aim is to investigate the

transition from the well-probed perturbative to the non-perturbative Quantum Electrodynamics

regime. In LUXE, positrons are generated and directed towards a four-layered silicon pixel

detector, with occupancies of up to 100 hits/mm2 for the initial phase. Reconstructing tracks

from a substantial set of hits poses a significant challenge for classical computers. To address

this challenge, the novel approach based on formulating the track pattern recognition task as

a quadratic unconstrained binary optimisation (QUBO) problem is adopted. Classically, the

expected performance of a quantum annealer for QUBO problems can be studied using Simulated

Annealing. In this report, the performance of reconstructing tracks from LUXE using Simulated

Annealing is benchmarked against results from a gate-based quantum computing simulator, as

well as against the classical method of employing a Combinatorial Kalman Filter.
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1. Introduction

LUXE (Laser- und XFEL Experiment) is a proposed experiment that aims to investigate the

transition from the perturbative to the non-perturbative regime of quantum electrodynamics (QED).

This will be achieved by using high-power lasers and an electron beam provided by the Eu.XFEL to

measure interactions of real photons with electrons and photons at field strengths where the coupling

to the electric charge becomes non-perturbative [1]. The experiment will reach field strengths that

exceed the Schwinger limit at the rest frame of the probe,

�crit =
<2

42
3

4
= 1.32 × 1018 V m−1, (1)

at which non-linear effects become significant. Strong-field QED is dependent on the dimensionless

laser intensity parameter b that can be defined using

b =
<42

2

ℏl!

�!

�crit

, (2)

which gives a measure of the number of laser photons interacting with the electron at a given

time. Here, �! is the laser field strength and l! is the laser frequency. In LUXE, single electrons

from the Eu.XFEL interact with = optical photons W! and create a high-energy Compton photon

W via the non-linear Compton process, =W! + 4 → W + 4. In the alternative W-laser-mode, a

converter target is placed into the electron beam path to produce a high-energy photon beam via

Bremsstrahlung. Subsequently, the non-linear Breit-Wheeler process is enabled for both set-ups,

where a real high-energy photon absorbs multiple laser photons to produce a physical electron-

positron pair, =W! + W → 4+ + 4−.

The transition from the perturbative to the non-perturbative regime in LUXE is characterised

by (1) a shift in Compton edge and (2) a deviation from the power law in the positron-electron

production rate. Accurate positron tracking is needed to investigate the latter effect with high

precision. Positrons specifically are tracked utilising a four-layered Silicon pixel detector. In LUXE,

the challenge for positron reconstruction from detector hits lies in the substantial range of produced

positrons per bunch crossing and localised high occupancy regions for high b. The reconstruction

of trajectories from a set of hits is a combinatorial problem challenging for a classical computer

to solve, with a time complexity that scales exponentially with the number of hits. Even classical

algorithms developed to address this challenge, such as the Combinatorial Kalman Filter, may not

scale well for high particle multiplicities. Quantum computers, on the other hand, are anticipated to

yield significant improvements in terms of computational speed for specific optimisation problems,

enabling more rapid convergence to the optimal solution.
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