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Tutorial Overview

» What is a (quantum) clock?

Channel with classical register
Clock Axioms

Structure theorem

Examples

Clock accuracy

Reset clocks

Special case of classical clocks

» The ladder clock

» What is the most accurate classical clock?

Optimality of reset clocks

Upper bounds on classical clocks

(<3 rJoVLOU

Qﬁ( .
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(2022)]

Autonomous Ticking Clocks from Axiomatic Principles, Mischa P. Woods
[Quantum 5, 381 (2021)]

Autonomous Quantum Machines & Finite-Sized Clocks, Mischa P. Woods,
Ralph Silva, Jonathan Openheim, [Annales Henri Poincaré (2019)]

Y. Yang, L. Baumgartner, R. Silva, and R. Renner, Accuracy enhancing
protocols for quantum clocks, (2019), [arXiv:1905.09707]

Y. Yang and R. Renner, Ultimate limit on time signal generation, (2020),
[arXiv:2004.07857]

Autonomous quantum clocks: does thermodynamics limit our ability to
measure time? Paul Erker, Mark T. Mitchison, Ralph Silva, Mischa P. Woods,
Nicolas Brunner, and Marcus Huber [Phys. Rev. X 7, 031022 (2017)]
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The Quasi-ideal quantum clocks
. Delay function of 1st tick
*  Analogy with x and p
*  Quasi-ideal control theorem

*  Accuracy and optimality

Quantum advantage in low dimensions

How to compute it

Other interesting thigs we did not discuss due to time
constraints

Clock Examples:

synchronization - the Alternate Ticks Game. arXiv:1506.01373, (2015).
Autonomous Temporal Probability Concentration: Clockworks and the Second
Law of Thermodynamics, Emanuel Schwarzhans, Maximilian P. E. Lock, Paul
Erker, Nicolai Friis, Marcus Huber, [Phys. Rev. X 11, 011046 (2021)]
Measuring the thermodynamic cost of timekeeping, A. N. Pearson, Y.
Gurvanova, P. Erker, E. A. Laird, G. A. D. Briggs, M. Huber, N. Ares, [Phys.

Rev. X 11, 021029 (2021)]

1) Thermodynamic “heat-engine” clock

L2 -V f)/he_ﬁhEhO-fta

L4 e ")/Ce_,@cEco'ij

Jo=Js=J43 =0,

| - [P. Erker et. al. PRX (2017) ]
{ lT)' L
L1 = \/YnOh,
o| piv PP
LS — \/%O—cn
Ji=VT|0)d 1],
I~

Lq=0,

L; =0,

Ladder Clock

« Ny =d with

Lj=|cjy1)ci|, J;=0,

Ly=0,
H=0
p& = le1)e

* No tick and tick generators:

L; = |ejyi)esl,

2) Ladder clock [S.Stupar et.al, arXiv:1806.08812 (2018)]

Ji=0, j=0,1,2..d—1
Ja = le1)cal

3) Quasi-ldeal clock [M.Woods et al, PRX Quantum (2019) ]

Ji = /2Vj [o) il

j=0,1,2,....d

T— [A. Peres AJP (1980)]

[M. Woods et al, Annales Henri Poincaré
(2018)]

j=1,2,3,...,d—1

Ja = ler)edl



1 ifi=1,j=4d

0 otherwise

N=1|: " 0 e , mi,j:{

Low dimensional accuracy of quasi-ideal clocks

Accuracy in low dimensions

400

Numerical Result
2
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