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We report on current experimental efforts in the development of a trapped atom interferometer for the high 

precision measurement of gravity, accelerations, electromagnetic fields and fundamental constants.  

The sensor is a Mach-Zender interferometer with atomic Bose Einstein condensates trapped in a double well 

potential and where interactions can be tuned using a broad magnetic Feshbach resonance. Cancelling the 

homo-nuclear scattering length we exploit the tunneling through the central barrier to Rabi couple the left 

and right spatial modes and demonstrate the operation of a linear beam splitter (see Fig. 1) [1]. In addition 

we are able to operate the full Mach-Zender interferometric 

sequence and suppress the interaction induced decoherence 

of the interferometric phase that is typically very strong in 

high density Bose condensed atomic samples.  

Tuning the interaction energy to attractive values we also 

investigate the possibility to create quantum entangled states 

useful for sub shot noise sensitivity of the interferometer. At 

a critical value gc of the interaction strength, we observe a 

continuous quantum phase transition where the gas localizes 

in one well or the other, thus breaking the underlying 

symmetry of the system (see Fig. 2) [2]. The theoretical 

analysis of the system predicts that across the phase 

transition a broad range of quantum entangled states form 

where the relative phase fluctuations (atom number 

difference) between the clouds trapped in the two wells are 

squeezed (anti-squeezed). In addition, for sufficiently strong 

attractive interactions a Schroedinger cat state is predicted to 

form, where the cloud is in a superposition of all the atoms 

occupying the left well plus all the atoms in the right well. In 

the last part of the talk we will 

discuss current efforts for the 

experimental creation of these 

macroscopically quantum 

entangled states with hundreds of 

atoms and for their exploitation 

in the phase estimation of the 

interferometric phase at the  

Heisenberg limit. 
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Fig. 1. Rabi oscillations: a) Evolution of the 

atomic imbalance z=NL-NR/(NL+NR) in the Rabi 

regime of negligible interactions for different 

initial imbalance. b) Absorption images of the 

BEC in the double-well potential during half 

Rabi oscillation. 

Fig. 1. Parity-symmetry breaking QPT: For negligible interaction strength 

g the ground state is symmetric, while for g < gc the atoms localize randomly 

in one of the wells breaking the left-right (parity) symmetry. 
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