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Abstract: We propose a dephasing-tolerant protocol for quantum sensing of magnetic fields, 
exploiting spin qudits and with embedded quantum error-correction.  

Numerical simulations show the precision of the method, well beyond the limits from the coherence time. 
 

Quantum sensing exploits intrinsically quantum properties such as superposition and entanglement to 
estimate unknown quantities with sensitivities impossible for classical meters, with possible 
applications in pure and applied research and in industries [1,2]. Moreover, thanks to their nanoscale 
dimensions, quantum sensors such as atoms and molecules often permit a much higher spatial resolution. 
  In recent years, proposals emerged, potentially bringing the sensor sensitivity even 
well below the limit caused by the true coherence time. The idea is to use ad hoc quantum error 
correction (QEC) techniques to increase the coherence of the system during a sensing protocol. However,  
this idea carries on some crucial issues which must be taken into account. 
  Here, we propose a protocol for quantum sensing of transverse magnetic fields not limited by T2, in which 
the sensor is a multi-level spin qudit working as a logical qubit (LQ) with embedded fault-tolerant (FT) quantum 
error-correction [3]. In the protocol, the transverse Bx induces a FT logical Rabi oscillation between error-
protected states, by exploiting a multi-frequency longitudinal drive. Thus, QEC does not correct the evolution 
induced by Bx, allowing for an effective detection. Remarkably, the corresponding logical Rabi frequency is 
monotonic and mostly linear in Bx. 
  A prototypical realization of the spin qudit sensor is represented by molecular nanomagnets (MNMs) [4].  
  We demonstrate the high sensitivity achieved by our protocol via complete numerical simulations, including 
decoherence and the sequence of pulses required for sensing and error correction. 
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