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Quantum systems are never perfectly isolated; they will generally be correlated with some environment before 
being initialized for an experiment. As a consequence, the choice of initial system preparation can drastically 
influence the subsequent evolution, which may yield seemingly unphysical results, Fig. 1a. Previous work 
showed that some information about the initial system-environment state could be extracted from system 
measurements, e.g. [1,2,3]. However, the scope and operational significance of these results is limited.  

Here we demonstrate a characterization of a quantum experiment that fully describes the evolution of the system 
in the presence of an environment [4]. Our method extends established tomographic techniques to reconstruct a 
so-called quantum super-channel M, which explicitly takes the system preparation procedure as an input and can 
be used to predict the output of the experiment for arbitrary preparations [5], Fig. 1b. The super-channel captures 
both initial system-environment correlations and the dynamical influence from the environment. We show how 
to extract and use this information for achieving optimal performance of a realistic quantum system. 
 
  

 
Fig. 1.	  a)	  Tomography	  of	  a	  system	  S	  does	  not	  normally	  take	  into	  account	  initial	  correlations	  with	  an	  environment,	  
leading	  to	  unphysical	  results.	  b)	  	  Using	  the	  preparation	  procedure	  as	  an	  input,	  a	  super-‐channel	  can	  be	  reconstructed	  
which	   characterizes	   environmental	   correlations	   and	   its	   subsequent	   impact	   [4,5].	   c)	   The	   experimentally	  
reconstructed	  super-‐channel	  of,	  in	  this	  case,	  a	  Hadamard	  gate	  implemented	  on	  system	  correlated	  to	  an	  environment	  
with	  strength	  tangle	  τ	  clearly	  exposes	  the	  role	  of	  the	  environment	  (yellow	  bar).	  

	   	  

We implemented the super-channel method in a typical linear-optical quantum computing scenario. The system 
was encoded in the polarization of a single photon, correlated to a single-photon environment through tunable 
entanglement. Subsequent environmental back-action was modeled through a controlled-NOT gate. We defined 
novel measures to extract the initial correlation strength from the reconstructed map M, Fig. 1c, and used it to 
maximize experimental fidelity to an ideal target evolution by minimizing the impact of the environment [4]. 

The quantum super-channel approach, together with two novel operational metrics introduced in our work offers 
a sophisticated characterization technique for quantum systems evolving within an environment. The method is 
applicable to any architecture and can be used to optimize the system in various aspects, such as minimizing the 
effect of the environment on the system. It can on the other hand also help determine the optimal way of 
exploiting present system-environment correlations for tasks such as state engineering. 
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