Simulating False Vacuum Decays In a
2D Mesoscopic Quantum System Using

JULICH

Programmable Quantum Annealing J Farschungszentrum

]. Vodeb!?3, M. Diego?, Y. Vaskivskyi?, L. Logaric?, Y. A. Gerasimenko?, V. V. Kabanov?, B. Lipovsek?, M. Topic*, Dragan Mihailovic#3»

1. Institute for Advanced Simulation, Jilich Supercomputing Centre, Forschungszentrum Julich, Wilhelm-Johnen-Strafde, 52425 Julich, Germany
2. Department of Complex Matter, Jozef Stefan Institute, Jamova 39, 1000 Ljubljana, Slovenia
3. Department of Physics, Faculty for Mathematics and Physics, Jadranska 19, University of Ljubljana, 1000 Ljubljana, Slovenia
4. Faculty for Electrical Engineering, University of Ljubljana, 1000 Ljubljana, Slovenia
5. Center of Excellence on Nanoscience and Nanotechnology—Nanocenter (CENN Nanocenter), 1000 Ljubljana, Slovenia

j.vodeb@fz-juelich.de

ABSTRACT QUANTUM DOMAIN MELTING

* Investigation of domain reconfiguration dynamics in an electronic

charge density-wave crystal (1T-TaS,) by means of scanning Experimental (left)

tunnelling microscopy:. and theoretical (right)
e Observing quantum domain melting and simulating it using ey relaxation of an inital
D-Wave's quantum annealer. e domain configuration.

 Demonstrating the remarkable value of quantum simulators for
modeling the dynamics of emergent mesoscopic inhomogeneities on
the basis of fundamental interactions.

 The presented quantum simulation of a real system would not be
possible with a state-of-the-art conventional computer.
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CONCLUSION

* Relaxation dynamics of the non-equilibrium hidden state in 1T-
TaS, can be mapped onto D-Wave's quantum computing model.

* Quantum dynamics are responsible for low-temperature relaxation
and involve multi-qubit tunnelling processes.

 We simulated a real-world experiment on a quantum computer and
therefore developed one of the first useful applications of quantum
computing.
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The D-Wave Advantage quantum annealer il Reverse annealing protocol for quantum dynamics t

Embedding our model‘s topology on D-Wave's machine:
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1T-TaS.2 triangular lattice Embedding D-Wave Pegasus chip * J.Brooke, T. F. Rosenbaum, and G. Aeppli, “Tunable quantum tunnelling of magnetic domain walls”, Nature 413,
By varying the energy scale, we can vary the temperature of the system. 610 (2001)
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