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Quantum metrology under realistic conditions: 

general noise and ultimate precision limits 
  

Quantum metrology is a rapidly evolving research field with a potential to soon become a 
commercial technology. Over the last decades, it has developed in many different directions 
encompassing a broad spectrum of settings in which quantum systems are employed to 
precisely sense, measure or track physical parameters, exploiting entanglement among the 
sensing particles to surpass precision limits typical to classical statistics, i.e., the Standard 
Quantum Limit (SQL), in principle reaching the Heisenberg limit (HL). However, the 
interaction of the probes with the environment is known to limit considerably such a 
quantum advantage, possibly reducing it to a constant factor over the classical scenario. As 
a consequence, a lot of effort has been devoted both at the theoretical and the experimental 
level to identify the precision limits and hence to develop the best possible estimation 
strategies under different noise conditions. I will present a recent research activity, which 
established the maximum achievable precision in frequency estimation under a general 
local noise, including any form of memory effects in the probes' evolution, as well as a 
generic coupling with the environment. By exploiting deviations from the exponential decay 
of the survival probability on the short-time scales, it is indeed possible to partially re-
establish the advantage provided by quantum entanglement, reaching precision scalings 
which are intermediate between SQL and HL. These results provide a significant example of 
how understanding the different features of quantum noise does allow to mitigate its 
destructive effects on open quantum systems, thus representing a crucial step toward the 
actual control and use of the quantum properties of matter.  
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