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Quantum Metrology and time/frequency entanglement in femtosecond quantum optics 

Résumé (demi page maximum) 
 
Exchanging light pulses for ultra-precise space-time positioning is one of the most important 
challenges in physics. It allows for distributing time reference between remote locations in 
space and to precisely access to their relative positions. Beyond its practical applications, this 
subject is of paramount importance at the fundamental level, as it corresponds to clock 
synchronization defined by Einstein as part of the space-time concept. It is thus crucial to 
study ultimate sensitivity limits imposed by the quantum nature of the optical link used in 
these measurements. This subject, more generally known as quantum metrology with coherent 
light pulses, is undergoing recent and fast expansion.  
 
The first part of the project focuses on sensitivity limits associated to measurements 
performed with femtosecond pulse trains (also known as frequency combs). Specifically, we 
will derive the Quantum Cramér Rao Bound for time and frequency measurements with 
Gaussian or non-gaussian quantum resources. This will be used in particular to design 
experimental protocols aimed at going beyond shot noise limited measurements.  
The second part is purely experimental and based on the space-time positioning with 
femtosecond pulses ongoing experiment. The main goal is to generate time squeezed 
frequency combs, i.e. train of pulses whose arrival time can be determined with increased 
precision compared to limit imposed by quantum vacuum fluctuations. This works involve 
many experimental technics, as for instance non-linear and ultra-fast optics.  
 
Finally, we will study the conjugate observable of the experimentally defined time 
measurement. One can show that it is experimentally measurable and linked to spectral 
properties of the beam. By the generation of two time squeezed beams and using recently 
proposed quantum optics technics we will seek the realization of time and frequency 
entanglement between two macroscopic beams. Beyond this experimental challenge, we will 
study conceptual implications, in particular in relation with quantum metrology, of such 
quantum states. 
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