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The study of a measurement-based feedback protocol applied to a, initially uncorrelated, system consisting of two qubits (identified as principal system and 

auxiliary respectively) [1] led us to investigate the relation between correlations and efficiency of the feedback protocol. In particular we studied the nature of 

correlations at each step of the protocol, i.e. the amount of classical and quantum correlations built up and consumed. 
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First Step: Building up correlations 

In order to build up the correlations between the two qubits we choose 

the first unitary to be 

Where                      and                               s.t.              . 

Second Step: Feedback 
To the composite system is now applied the unitary 

where, {|+⟩, |−⟩} are the auxiliary’s       eigenstates, and 

We consider a composite system,      of two qubits: the principal system,     , which we aim to cool, and the auxiliary     . We consider an initial product of 

thermal states 

                                                                                                                          where 

with α and λ mixing parameters of the system and the auxiliary, respectively such that                        . 
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Efficiency 
A measure of efficiency was proposed in [1] 

where       is the entropy reduction of the principal system,           is the heat 

dumped into a thermal reservoir by the auxiliary at the end of the feedback 

process (reset). In [1] it is assumed that this reset operation is “optimally” 

performed, by this meaning that it is saturated the second law-like inequality 

leading to 

This efficiency is upper bounded by 1 (it is equal to 1 if there are no residual 

correlations at the end of the feedback step) which justifies its name. However, since 

we can think at the auxiliary’s reset as a Landauer’s process, as was proved in [2], 

the (Landauer’s) bound holds with equality if and only if                         , i.e. any 

reset is performed. 

For this reason, we have adopted the same definition of efficiency but we have 

explicitly computed the heat transferred by the auxiliary to the reservoir during the 

reset operation, i.e 

where 

Efficiency, for           and           , as a 

function of the parameters   and    (which 

parametrizes                         ). It is worth 

noticing that the efficiency increases 

monotonically varying     from    to    for 

every value of θ. 

Efficiency, for              and                , 

as a function of the parameters  and    

(which parametrizes                         ). 

The yellow dotted line has equation  

                         

As stated above we see that the 

efficiency reaches the value ∼ 1 when            

   i.e. there is no cooling of the 

principal system. 

Correlations: θ = π/2 

Mutual information, classical correlations and quantum 

discord for           ,          (left panel),             (right 

panel), and           , after the first step (blue curves), 

after the second step (yellow curves) and their 

consumption (red curves). We notice that after the first 

step the amount of quantum correlations does not 

change with   and it is monotonically growing varying     

 from      to    . On the other hand, the behaviour of the 

classical correlations is different in the two cases:    for 

   the classical correlations built up during the first 

step decreases with     reaching their minimum value  

when                 while, for             , we have that 

the minimum amount of classical correlations 

built up is when             . We also observe that 

the protocol, for every value of    , is better in both 

acquiring purely quantum information (evaluated 

as quantum discord) and making use of it. The 

residual total correlations after the feedback 

(responsible of a lower efficiency [1]) decrease 

monotonically varying        from     to     . 

Nature of Correlations 
We were also interested in quantifying 

entanglement, in particular we wanted to 

use an entanglement measure which we 

could compare with a measure of total 

quantum correlations (yellow lines).To this 

aim we studied the 2-tangle       (blue line), 

i.e. the square of the concurrence C 

defined by [3]. This entanglement 

measure can be compared with the 

interferometric power          , a computable 

measure of discord-type quantum 

correlations [4]. 

These measures of entanglement and total quantum correlations are such that, 
where equality holds for pure states. 

[Parameters:                ,                ,                .] 
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