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 Communication model of Shannon (classical) 
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                       Superposition of path 
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 Claude Shannon’s 1948 seminal paper laid the foundations 

of our current communication technology 

 Shannon modeled the devices used to store and transfer information 
as classical systems: 

 state can in principle be determined without 
errors 

 arrangement in space and time is always well-
defined 
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 Theory of communication with quantum systems is a 

rich and thoroughly developed discipline, known as 

Quantum Shannon theory 

 Nevertheless, quantum Shannon theory is still 

conservative, in that it assumes that the communication 

channels are combined in a well-defined configuration 
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 Quantum Channel: completely positive and trace preserving (CPTP) map 

 Classical (HSW) Capacity:  
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 Private Capacity (Devetak):  
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 Quantum mechanics allows for scenarios where the 
configuration of the communication channels is in a quantum 
superposition [Aharonov et al. PRL 64, 2965 (1990); K. L. O. 
Daniel, PRL 91, 067902 (2003)] 

 For example, a photon could travel through a superposition of 
different paths 

 Such a superposition offers an opportunity to filter out some of 
the noise affecting the transmission [N. Gisin et al; Phys. Rev. A 
72, 012338 (2005)] 

Figure from  

PRL 91, 067902 (2003) 
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Superposition of Temporal Order

Superposition of Path 
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 Above theorem establishes the maximal activation of the quantum 
capacity as a fundamental difference between superposition in 
space and superposition in time. 
 

 The origin of the difference is in the fact that the superposition of 
orders in time involves correlations between all the sub-processes 
happening within channel E (F) in the configuration EF and all the 
sub-processes happening within channel E (F) in the alternative 
configuration F E. 
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Main Results in our paper: 

 Theorem 2 characterizes the qubit channel that exhibit the perfect 
activation phenomena. 
 

 Theorem 3 establishes a complementarity between the activation of 
the quantum capacity and the activation of the classical capacity: 
every channel that exhibits activation of the classical capacity (from 
zero to non-zero) does not exhibit activation of the quantum capacity. 



Thanks to my collaborators  
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 The possibility of perfect quantum communication through noisy channels 
depicts a fundamental difference between the superposition of orders in 
time and the superposition of paths in space. 
 

 The phenomenon of causal activation is subject to a general no-go theorem: 
no quantum channel with zero classical capacity can gain a non-zero 
quantum capacity with the assistance of the quantum SWITCH. This result 
establishes a complementarity between the activation of the quantum 
capacity and the activation of the classical capacity. 



!!Questions / Comments!! 

When at last the thought came to him that 'time itself was 
suspect', Einstein had found a new insight into the nature of the 
physical universe.  
 
And in quantum world if you can make temporal order quantum 
you can get something perfect out of nothing. 


