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Physical devices operating out of equilibrium are affected by thermal fluctuations, limiting their

operational precision. Clocks need a thermodynam

resulting iIn a minimum entropy dissipation per clock tick. Here we present an autonomous guantum
many-body clock model that achieves clock prec

dissipation. The result demonstrates that coherent o
thermodynamic precision limits, potentially guiding t
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Many-body Open Quantum Systems

iIc flux towards equilibrium to measure time,

Ision that scales exponentially with entropy
uantum dynamics can surpass the traditional
ne development of future high-precision, low-

dissipation quantum devices. Additionally, by careful

spin chains, we achieve a scaling exponent at the precision—resolution trade-off fundamental bound,
bringing this within reach of physically realistic and experimentally accessible systems. IN SCIENCE & TECHNOLOGY

Measuring time
&
Entropy productions

Time has a direction — the clock “ticks” forward
Crooks equation
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Entropy per tick
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Clocks are irreversible systems
thermodynamic cost is entropy dissipation
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Model of an autonomous quantum clock [1] with
Precision linearly upper-bounded by entropy per tick
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Measuring time
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Precision-Resolution bound —

Resolution Precision
average number of number of ticks such that the
ticks per unit of time uncertainty of the N tick time
equals the average time
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Resolution and Precision can not be
improved independently
Fundamental trade-off:

Precision vs Resolution [2]

4 Best classical clock Y Best quantum clock A

2
. I
\ AN /

y-engineered poherent transport in dissipative vl E D 5 t

EUROPEAN COOPERATION

Funded by the
European Union

The autonomous ring clock:
Precision scaling exponentially with entropy dissipation [3]
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Precision-Resolution scaling <= RESULTS = Precision-Entropy scaling
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Exploiting Perfect State Transfer in non-Hermitian dynamics:
Achlevmg the Precision-Resolution bound [4]
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