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Robust time crystals in semiconductors

Manfred Bayer
TU Dortmund

Crystals spontaneously break the continuous translation
symmetry of free space. Analogously, time crystals (TC) lift
translational invariance in time. Continuous time crystals are a
result of time-independent external driving, which
compensates exactly for the system’s energy losses. As a
specific example, we describe a time crystal implemented in
the coupled electron-nuclei spin system of a tailored
semiconductor, featuring spontaneous breaking of the
translational symmetry of time. An extremely robust TC
across a wide range of its control parameters can thus be
demonstrated experimentally. The coherence time of the
crystal is limited only by the measurement time and can
extend up to several hours. Leaving this island of stability,
chaotic motion can be demonstrated, signaling melting of the
TC. Varying the protocol of the optical pumping, both the
continuous and discrete crystal regimes can be achieved,
whereby in the latter case of modulated pumping a rich
phenomenology of non-linear dynamics is observed.

A. Greilich, N. E. Kopteva, A. N. Kamenskii, P. S. Sokolov,
V. L. Korenev, and M. Bayer, Nat. Phys. 20, 631 (2024).
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