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Multi-atom entangled states with long coherence time 
Entanglement is at the heart of quantum mechanics, representing the essence of its 
nonclassical features. Creating and measuring entanglement between more than two material 
particles remains an experimental challenge and has only been realized in some particular 
cases, for some specific forms of entanglement. The motivation to produce many-particle 
entanglement is both fundamental and applied. Multiparticle entangled states hold promise for 
improving the performance of precision measurement applications and for entirely new 
applications such as quantum simulations, quantum computing, and perhaps others still to 
come. 
Very recently, our group has demonstrated a method to create and analyze multiparticle 
entanglement using nondestructive measurement of an ensemble of up to 40 qubit atoms 
trapped inside a high-finesse optical cavity. The principle of the entanglement creation can be 
understood as follows. Measuring cavity transmission can be modeled as a projective 
measurement with two eigenvalues, T=1 corresponding to |0…0> (all qubits in |0> state) and 
T=0 to the orthogonal subspace containing all other states (i.e., at least one atom in |1>). 
Measuring T=0 in a weakly excited ensemble then creates a good approximation of 
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or “W state” which, in contrast to a Schrödinger cat state, is robust against particle loss. 
 
This method of entanglement creation can in principle be generalized and extended to create 
other symmetric entangled states. We are currently limited by the temperature of the atomic 
sample, which limits the available coherence time. Applying a laser cooling method to the 
atoms trapped in the cavity would remove this limitation. Several cavity cooling methods 
have been demonstrated in other contexts. The goal of this “stage” is to determine which 
method is most suitable in our case, and then to implement and test it on the existing setup. 
After a short bibliographic study, this will require setting up a new laser (using components 
that we already have available), then installing it on the setup. Next, cooling measurements 
will be taken under the instruction of an experienced researcher, and analyzed to determine 
the cooling performance. If successful, the cooling will then become part of our future 
entanglement experiments. 
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