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OUTLINE

Historical remarks

Liquid time crystals

Transport phenomena
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Fundamentals

Broken symmetry Lost conservation law

space translation

space rotation

time translation E

L

P optical lattices

vortex lattices

time lattices

dynamical systems!
driven, non-equilibrium
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Time crystals: 
an idea

(time periodic ground 
state) 
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Time crystals: the name lives on

discrete time translation symmetry breaking (subharmonic response)

drive T response   k*T 

Floquet / discrete time crystals

Krzysztof Sacha, Phys.Rev.A 91, 033617 (2015).

Hannaford expt

Rep. Prog. Phys. 81, 016401 (2018)
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Time crystals: the concept

Leonardo, Rapunzel and the Mathematics of Hair

Professor Raymond E. Goldstein FRS
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Time crystals:
the new generation

Monroe group, Nature 543, 217 (2017).
Lukin group, Nature  543, 221 (2017).
Barrett group, Phys. Rev. Lett. 120, 180603 (2018). 

drive response
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Time crystals: 
with quantum computers

IBM Google

Mi et al., Nature, 531 601(2022) Frey & Rachel, Science Adv., 9 eabm7652 (2022) 
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Time crystals:
growing literature

search for a “time crystal”
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Plenty of semantics…

time crystal
must or must not contain

• subharmonic response
• crypto-equilibrium
• eigenstate order
• many-body localization
• quantum 
• …

…but no universally accepted definition

coffee

• caffeine
• milk
• soy
• ice
• crypto-equilibrium
• …
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Making Liquid Time Crystals

QUANTUM 
ROAD ENDS 

HERE
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Bouncing and walking droplets:
Couder group since 2005 

continuous time:
lab frame

stroboscopic time:
Floquet frame

Movies: Harris & Bush, http://thales.mit.edu/bush/index.php/4801-2/
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closed loop 
feedback control

high-speed imaging



Tapio Simula  ::                        Observation of Liquid Time Crystals  ::              AIP Congress 2022  :: 

Driving Amplitude

coalesce

bouncing

walking

Faraday 
waves

0 g

4 g

3.5 g

1 g
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Droplet generator
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Liquid Time Crystals

N > 100,000
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Improvements

Phases of matter
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(2,1) Bouncing Degeneracy
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• impurity doped 
disordered time crystal

• antiferromagnetic 
time crystal in 1D

• antiferromagnetic 
time crystal in 2D

Time Crystals Galore
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On-demand loading 
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Recent improvements
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Spatial trapping potentials
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Laser trapking
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QUANTUM
…for one slide
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“Time traveling” droplets:
topological LTC transport 

discrete time

pe
rio

di
c 

ph
as

e 
tim

e

0

-1

-1 +1



Tapio Simula  ::                        Observation of Liquid Time Crystals  ::              AIP Congress 2022  :: 

THANK YOU!
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• peculiar dispersion relation

• Marangoni vortex rings

• turbulent air currents 
(aerodynamic lift + drag)

• Faraday waves

System Characteristics
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Theoretical (minimal) Model

height above fluid

Moláček and Bush, Journal of Fluid Mechanics 727, 582 (2013). 
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Superwalkers
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Making (Faraday) Waves

T
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