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Historical remarks
Liquid time crystals

Transport phenomena
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Fundamentals e

Broken symmetry Lost conservation law
space translation P optical lattices
space rotation L vortex lattices
time translation E time lattices

dynamical systems!
driven, non-equilibrium
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Time crystals: the name lives on EMNEERE
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Floquet / discrete time crystals

discrete time translation symmetry breaking (subharmonic response)

Krzysztof Sacha, Phys.Rev.A 91,033617 (2015). Rep. Prog. Phys. 81, 016401 (2018)
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Time crystals: the concept BUR Feises

N
~

Leonardo, Rapunzel and the Mathematics of Hair

Professor Raymond E. Goldstein FRS

https://youtu.be/3ns2wy-LgsY
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Time crystals: SR g
the new generation NE»

Monroe group, Nature 543,217 (2017).
Lukin group, Nature 543,221 (2017).
Barrett group, Phys. Rev. Lett. 120, 180603 (2018).
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Time crystals: BUR [

with quantum computers Ml

Frey & Rachel, Science Adv.,9 eabm7652 (2022) Mi et al., Nature, 531 601(2022)
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growing literature Al
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search for a “time crystal”
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Plenty of semantics... S

time crystal coffee
must or must not contain

- subharmonic response - caffeine

- crypto-equilibrium * milk

- eigenstate order * SOY

- many-body localization - ice

- quantum - crypto-equilibrium

...but no universally accepted definition
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QUANTUM
ROAD ENDS
HERE

Making Liquid Time Crystals
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Bouncing and walking droplets: SBWUIIIQJ o
Couder group since 2005 +NE « [

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

continuous time: stroboscopic time:
lab frame Floquet frame
- L — —_— —
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-
closed loop

feedback control
\_

SignalForce”
Embuta Physie

BAhccr®

TAPIO SIMULA :: OBSERVATION OF LIQUID TIME CRYSTALS :: AIP CONGRESsS 2022 ::



SWINBURNE

Driving Amplitude R g

walking

35g

bouncing

lg
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BUR [Ea
Droplet generator g
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Liquid Time Crystals

N > 100,000
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Phases of matter R i

J. Molacek and J. W. M. Bush
J. Fluid Mech. (2013), vol. 727, pp. 612-647. (© Cambridge University Press 2013

Regime diagram for 20 ¢S 80 Hz silicone oil
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Time Crystals Galore BUR " /Ries

- antiferromagnetic « antiferromagnetic  iImpurity doped
time crystal in 1D time crystal in 2D disordered time crystal
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On-demand loading R
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Recent improvements
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Spatial trapping potentials it

= an

§ § &

TAPIO SIMULA :: OBSERVATION OF LIQUID TIME CRYSTALS :: AIP CONGRESS 2022



Laser trapking




SWINBURNE
UNIVERSITY OF

TECHNOLOGY

PR Mo,

I QUANTUM

...for one slide
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A Thouless quantum pump with ultracold bosonic

M. Lohse?*, C. Schweizer'?, O. Zilberberg?, M. Aidelsburger’? and I. Bloch'?

H(p) =— Z[Jl(%o)a;r'aj + J2(¢)al1b; + hc]

J
A
-I—(T(p) Z(a;aj - b;r-bj),
J
After one 0:00 Q@W
cycle, the lattice configuration is identical to the starting A +Q A A
point, but the atom ends up in the double well next to _ /.
the initial one. In contrast to this, a classical particle S 025 D ATATAVAYATA
would not move because the positions of the individual = >
sites do not change. This illustrates the importance of MM
quantum tunneling for the pumping. A = A A
0 1
x (d)
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“Time traveling” droplets: EiNgE

topological LTC transport EN&
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System Characteristics

+ peculiar dispersion relation
3/2
wn =\ 0/p kn/
kn, = [n(n — 1) (n+ 2)]'/3/Ry

* turbulent air currents
(aerodynamic lift + drag)

« Marangoni vortex rings

\- Faraday waves
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Theoretical (minimal) Model SQ’LVJ'E'
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Molacek and Bush, Journal of Fluid Mechanics 727, 582 (2013). » N E »

mzZ = Fn(t) — m|g + 75 sin(wt)]
Fn(t) = H(—Zz)max {—kZ —bz,0}

Wil height above fluid h(x,t) = Z hy,

n=1

k I ¢
hn(X7 X’natatn) — ACOS(CUt/2) JO( F|X % |)e_(t_tn)/(TFMe)

Vi—1n

mX + D(t)x = —Fn(t)Vh(x,1)
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