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Introduced by Wilczek at 2012: Idea of time-translational breaking symmetry as temporal
counterpart of spatial crystal

F. Wilczek, “Quantum time crystals,” Phys. Rev. Lett. 109, 160401 (2012)
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Time-crystalline phase:

A state where, without external periodic forcing, the system settles into long-lived,
robust oscillations.
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Van der Pol oscillator: simplest DTC?

Single cavity model with @: st WD D A = Ll
Master Equation: — = [—iwala, p] + S De2[p] + Dat [p] = L[7)

[Navarrete-Benlloch, Weiss, Walter, Valcarcel, Phys. Rev. Lett. 119, 133601 (2017)]
[Li, Wang, Tang, Liu, Phys. Rev. Lett. 132, 183803 (2024)]
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Van der Pol oscillator: simplest DTC?

Single cavity model with @: st WD D A = Ll
Master Equation: — = [-iwala, p] + o Daalp] + Dot [p] = LIP

v =1, 0.9, 0.1, , 0.001

Numerical Liouvillian
spectrum:
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Van der Pol oscillator: simplest DTC?

Single cavity model with
Master Equation:

Simulating Liouvillian
gap:.

‘Navarrete-Benlloch, arXiv:2412.03585]
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Van der Pol oscillator: simplest DTC?

Does this mean we have a DTC?

Single cavity model with @: oata A VD 5D L[5 D A\ A
Master Equation: dt [ wd a,p} o ~a? /) at 0] + Yo Datalp] J= L[]
f"i 0.100
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'Navarrete-Benlloch, Weiss, Walter, Valcarcel, Phys. Rev. Lett. 119, 133601 (2017)]
Li, Wang, Tang, Liu, Phys. Rev. Lett. 132, 183803 (2024)]
‘Navarrete-Benlloch, arXiv:2412.03585]

Extended systems are required to
achieve true time-crystalline order, in
particular because they can use many-

body protection against local fluctuations
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Standard DTC spin dp i > 1
model: dt
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[F. lemini, A. Russomanno, J. Keeling, M. Schiro, M. Dalmonte, and R. Fazio, Phys. Rev. Lett. 121, 035301 (2018)]
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Standard DTC spin dp S ]
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[F. lemini, A. Russomanno, J. Keeling, M. Schiro, M. Dalmonte, and R. Fazio, Phys. Rev. Lett. 121, 035301 (2018)]
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Collective spin operators:
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Standard DTC spin
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Simulating Liouvillian
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Spin models: testing our expectations

Standard DTC spin dp S ]
model: dt
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Conclusions

Understanding Time Crystals:
Time crystals require persistent oscillations and robustness
Small system:

Shows oscillations, gap closes in a certain limit

But destroyed by dephasing
Many-Body System:

Gap also closes = collective oscillations emerge

Collective dephasing destroys it

Local dephasing shows partial resilience = hints of many-body protection

Thank you :)



