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 Introduction:

- definition: what is a discrete time-crystal?
. from theoretical proposals to experimental observation.

* Sensing with DTC’s
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- Can time-translational invariance be spontaneously broken?
(F. Wilczek, PRL. 109, 160401 (2012))




Time translation symmetry breaking

ring particle model: ground states
with moving “lumps”

lim (p(xz,t)p(z’, 1)) — f(t, 1)

V—00

lz — x| = oo

p(x,t) = local order parameter
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Time translation symmetry breaking

- intense discussion: ring particle model: ground states
T. Li et al, PRL 109, 163001(2012); with moving “lumps”

P. Bruno, PRL 110, 118901 (2013);

G. E. Volovik, JETP Lett. 98, 491 ¢
(2013); ¢

- arguments: rotating particles <
should radiate, incorrect ground C
state ansatz... C

lim (p(z,t)p(z",1')) — f(t,1')

V—00

lz — 2’| = oo

p(x,t) = local order parameter

- No-go theorem: systems in thermal equilibrium cannot manifest any time-crystalline
behavior (*short-range Hamiltonians)

(H. Watanabe and M. Oshikawa, PRL 114, 251603 (2015))
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- right context should be out of equilibrium: e.g., preparing the system in an excited state,
driven dynamics, ...

- Important steps on periodically driven systems (Floquet dynamics):

A A

H(t -+ T) = H(t) T = period

Discrete Time Crystal: exists an observable O and a class of initial states %) such that,

lim ([O()|y) = f(t)

V —00

D f(t+T)# f(t);

ID) Rigidity: f (%) shows fixed oscillations robust to perturbations (no fine-tuned
Hamiltonian)

ITI) non-trivial oscillations persist for infinitely long times only the thermodynamic limit;
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[D. V. Else, Bela Bauer, and Chetan Nayak, PRL 117, 090402 (2016)]
Combining Floquet dynamics + MBL (many-body localization) can support a DTC:
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Floquet time-crystals

[D. V. Else, Bela Bauer, and Chetan Nayak, PRL 117, 090402 (2016)]
Combining Floquet dynamics + MBL (many-body localization) can support a DTC:

Hypr = Z (J:
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Sensing AC fields

A

(© ,H,.(t) H(t)

t HAc(t) — hAC Sin(wAct—l—QAc)Sz

— Hy(t) + Hac(t)

A~

| entanglement/ |
- improve performance

non-eq. interacting /
heat up / noisy ‘

. Dieter Suter et al. Rev. Mod. Phys. 88 (2016).
. Hengyun Zhou et al., PRX 10, 031003 (2020).

. Soonwon Choi et al. ArXiv:1801.00042 (2017)

. Utkarsh Mishra and Abolfazl Bayat,
Scientific Reports 12, 14760 (2022)
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- strong interactions and fast drive: prepare and
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dynamics of an integrable (Ising chain) many-
body system
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=T,z

+ Zd(t — nTS)¢§$7

n=1

HAC (t) — hAC Sil’l(wAct + QAC)gz

disordered interacting Floquet systems
(DTCs)

exploit long-range spatial and time
ordering for enhanced metrological
protocols.
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=T,z

T Z 5(t — ’nTs)ng@,

n=1

ﬁAC (t) = hac Sil’l(wAct + QAC)gz

Least uncertainty/maximum precision:

max  Ahac(t) > 1//F(hac, p(t, hac))

Sensing steps: {POVMS}
i) initialize the state; Po
L Fhac (t)/4 — (3hac¢(ta hac)‘8hac¢(ta hac)) o
) int t with si - . ‘(Qp(tr hac)‘ahaclp(tr hac)> ‘2
ii) interact with signal,; A(t, hac)

(quantum Fisher information)

iii) measurement on

sensor state: P () = TT(E:;' p(t, hac))
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IA{AC (t) = hacsin(wact + QAc)gz
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‘classical dynamics’
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vl =%,z

en Z (5(t — nTS)qbgm,

n=1

IA{AC (t) = hacsin(wact + QAc)gz

Case with ¢ =7, hY =0, hye — 0

H AC (t) “period doubling

‘, ¢ ‘ ; - ; - & . & . 4 ressonance”

WAC = Wg/2
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Ho(t) = ) (Jiéf&fHJr > hg&f) +

=1,2

en Z (5(t — nTs)qbgm,

n=1

fAfAc (t) = hacsin(wact + QAC)SYZ

Case with ¢ =7, hY =0, hye — 0

. Fisher information: Fhac —0 (t) ~ gO(t)QV&I‘(SZ (0))

C _ Q2 Q2 (i) sensor can be enhanced due to the
var(Sz (0)) — <Sz >’§Do <Sz> Yo correlations among its spins,
‘ ~ 1 COS ( 0 ) (ii) optimal performance occurs for
Plws=2wac AC period-doubling resonance,

. ” 0 (iii) off-resonance time scale for the
' |wS —2wacte . U ~bac / € optimal growth of Fisher information.
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- fast thermalization time ~ O(T);
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beyond linear response, hac # 0, wac = ws/2

- sets a characteristic time scale,
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tac ~ hac

(dominant AC fields over
dynamics)

increasing N=1,2,3,4
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R = 1073
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10°
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In summary, Discrete Time Crystal sensors offer several advantages:
- slow heating — exponentially slow with system size N
- useful quantum correlations - overcome classical limit;

- robust protocol.
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