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Ticking clock model

A ticking clock is a timekeeping device that autonomously
outputs time information in the form of individual ticks

* modelled as a bipartite quantum system pcr composed

of clockwork C and register R living in Hc ® Hr with > R
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e dynamics are given by a family of CPTP maps MLy , g (-) = e“°®!(-) parametrized by coordinate time ¢ > 0

- Lindbladian Lcr(-) = —i[H, (-)] + >, L;(: ) Q{LJ OIS ()j;r — 2 j}jj (1)},where H=H ® 1R, L; = L; ® 1y,
Ji = J; ® Og with Ogr = |1)(0|g + |2)(1|g + - -+ + |NT)(NT — 1|r

Example: Ladder ticking clock

Choosing some orthonormal basis /Vt Most accurate classical clock achieving
{l7)c}i—, of Hc, the clock is given by - C ld> CR~CR IND Rj, = kRy with Ry = d via reset
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e H=0and p2 = |1){1]c C Quantum reset clocks can achieve a higher

accuracy Ry = kR; with Ry ~ d?

Measure of accuracy

based on delay functions {7(¥)(¢)

Y = 5( pébf)k)) quantifies exchanged information between ticking
clock and its environment during the kth tick

e probability that (k — 1) ticks occur during |0, ¢) and kth tick

occurs during [t, t + dt] is 5t - 7(F) (¢) with 6t > 0 * entropy is observer-dependent = relevant observer (B)
D only has knowledge about ticks (not coordinate time ¢ itself
e accuracy of kth tick is Ry = u3 /o7 Y 5 ( )
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Relationship between accuracy and entropy production

Vanishing entropy production per tick can be achieved by Every classical ticking clock must produce a minimal amount of
entropy per tick which increases with increasing accuracy

e classical reset clock exhibiting Poissonian tick statistics with

R, =1 —
_ 125 Yimax(d = 4) = In(4)
- H=0, L; =0V, J =1, and p = |U)(¥|c s
S
e "quasi-ideal" quantum reset clock with R; ~ d* — oo 2 075- lower bound?
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