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Abstract:  
In the standard quantum teleportation protocol, the direct transfer of a quantum system from a sender to a 
receiver can be perfectly simulated by the transfer of a finite amount of classical bits, provided that the sender 
and receiver share a sufficient amount of entanglement. Extending this idea to a different scenario, one can 
take a quantum version of Eddington's clock synchronization---where a quantum clock (i.e. a quantum system 
undergoing periodic evolution) is transferred from the sender to the receiver---and try to convert it into a new 
protocol where the direct transfer of the clock is replaced by the use of entanglement along with the transfer of 
classical bits. In this talk I will show that such a protocol is impossible: in the absence of previous 
synchronization, a quantum clock cannot be transferred perfectly using any finite amount of quantum 
entanglement and any finite amount of rounds of classical communication. In general, the equivalence between 
entanglement and the direct transfer of quantum systems breaks down in the absence of a shared reference 
frames associated to the action of arbitrary compact Lie groups. After establishing this no-go result for perfect 
teleportation in the absence of shared reference frames, I will discuss some optimal approximate teleportation 
protocols and compare them with measure-and-prepare protocols based on the estimation of the unknown 
group element connecting the reference frame of the sender with the reference frame of the receiver. 
 
Related paper:  G. Chiribella, V. Giovannetti, L. Maccone, and P. Perinotti, Phys. Rev. A 86, 010304(R) 
(2012).         
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