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What happen if we break time-symmetry？



Background



Time Translational Symmetry

Same Physics done in different time creates same result



Breaking Time Translational Symmetry?

Same Physics done in different time creates diff result



Discrete Time Symmetry

Same system config. appear in time with a fixed period

Between Period total random or not related system config.



What constitutes as a time crystal?

Broken time translational symmetry

No entropy generated by oscillation (Contrast to what we thought about heat and 

oscillation)

Robust long-range interaction and long sustain time



Experiment



H1:EM field input

Why: Driving the system EXTERNALLY (Control the system)

How: Raman Laser Input

Problem: Noise

Solution: Dynamical decoupling sequence



H2:Applying spin-dependent optical dipole forces

Why: Couple spin(Generate an Ising Hamiltonian), Create Long Range Interaction 

and Trigger Many-Body Localization

How: 3 Layers Paul traps

Effect: Forcing them to couple back

together



H3:Applying strong random disordered field with stark shift

Why: Trigger Many-Body Localization

How: Applying strong random disordered field which “induces” 4th order stark shift

Effect: Trigger Many-Body Localization



Interaction on/off

Single peak with interaction



With perturbation

More stable with perturbation





Why Many-Body Localization matters?

•We want to create a robust system, something can stand up to the effect 
of entropy

•It is pointless to see H2/H3 separately, Let see it as one.

•Also, as you can argue the result of MBL is not directly related to the 
stability of the system, therefore I am going to use a system without H1



No Disorder

No Disorder⇒ Information stored by spins basically destroyed



With Disorder

•With Disorder⇒ Information stored by spins still recognizable



Results



Spin-dependent fluorescence captured on a camera

World's first video recording of a space-time crystal

https://youtu.be/OyvLqlfqAGw
https://youtu.be/OyvLqlfqAGw
http://www.youtube.com/watch?v=OyvLqlfqAGw


Conclusion



Possible applications in Quantum Computation

Time crystal qubit
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