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Near a phase transition, many-body states become highly sensitive to
control parameters, so the quantum Fisher information (QFI) can scale
super-classically with system size. However, there are downsides:

* The state is only sensitive at the critical point.
* Optimal measurements may be entangled and parameter dependent
* The time to reach critical state also diverges at the critical point

The solution: Continuous monitoring
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Rather than only measuring the final state, we continuously monitor the
environment into which the open quantum system dissipates. We then use
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@ this information to estimate the unknown parameter.

The Boundary Time Crystal (BTC) One major advantage of continuous monitoring is that the sensing
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steady state into account

Continuous monitoring avoids this pitfall 2N(N + 2) - N3
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However, this bound does not apply to collective dephasing Restricted to the Quantum enhanced scaling
model. Quantum enhanced estimation is still possible. standard quantum limit

To better understand the source of the quantum
enhanced scaling we derived an upper bound
on the information in the measurement signal.

* Continuous monitoring restores and enhances
sensing performance in dissipative time crystals.

In the time-crystal phase, the long-time Fisher
information rate is enhanced and the advantage is not
limited to the critical point.
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g Under finite efficiency, BTC reverts to standard

quantum limit scaling, while transverse collective
dephasing remains a more robust platform for
quantum-enhanced sensing.
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