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Real-time simulation of CP violation in electroweak
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Baryogenesis is a dynamical out-of-equilibrium process generating the baryon asymmetry of the Universe.
Focusing on the mechanism of electroweak baryogenesis, where baryon number is generated through CP-
violating scattering of the fermions with the bubble wall during a first-order electroweak phase transition,
perturbative calculations for the relevant processes are known to suffer from various issues, motivating the
development of lattice calculations. However, conventional lattice calculations based on Euclidean formula-
tion in the imaginary time domain are limited to equilibrium dynamics. Real-time simulation is necessary
for proper understanding of the out-of-equilibrium dynamics of baryogenesis. In our work, we focus on the
fermion scattering process during electroweak baryogenesis, and develop a real-time simulation framework
by mapping the fermions onto a spin system. Using tensor network methods, we perform numerical simu-
lations and systematically analyze lattice artifacts. Our studies take a first step towards real-time simulation
of baryogenesis, and are expected to shed light on real-time non-perturbative calculations of general out-of-
equilibrium processes in the early Universe.
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