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Quantum Error Correction Code 



Suppose an bit flip error on qubit 2 

Quantum Error Correction Code - example 
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Decoherence Free Subspace 



Decoherence Free Subspace - example 

Suppose a collective dephasing error 

Is it possible to codify logical qubits in a DFS ??? 
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Dynamical Decoupling 



Dynamical Decoupling Magnus Expansion 

Suppose that we want a solution to the equation given by:  

Magnus proposed an exponential solution  

where A(t) is a linear operator to be determined 



The Magnus idea was to write 

and then calculate dA(t)/dt 



So, to solve dA(t)/dt  we expand A(t) in time 

Solving,  

The main point of DD is to determine a H(t) 
that results in A1(t)=0. 



Magnus Expansion 1ª order 

Dynamical Decoupling 

In the interaction Picture 

General Prescription of Dynamical Decoupling 



Time Scales 

Time of a quantum gate operation 











CONTINUOUS  
DYNAMICAL  

DECOUPLING 





Any time-dependent unitary transformation of a qubit can always be expressed as 

We begin our studies considering a thermal bath of scalar bosons:  

Our objective is determine an unitary transformation that satisfy the 
general prescription of dynamical decoupling 



Protecting a Hadamard Quantum Gate 

To apply a protected quantum gate we write the unitary evolution as: 

and the Hamiltonian ??? 



The Hamiltonian: 
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One class of error 

Independent 

classes of errors 

How to protect the 
quantum information 

in this situation ? 

How to include the protection for general errors ? 

















Quantum Discord 

  
A Measure of the Quantumness of Correlations 

 
 



Mutual Information 

Classically the mutual information is defined as 

Or, by means of Bayes rule it can be written as 

Venn Diagram 
 

“mutual information 
 measures  

the information that 
 A and B share” 

“it measures how much 
 knowing one of the 

subsystems reduces our 
 uncertainty about the other ” 



In the quantum world the mutual information is defines as 

Measure the maximum amount of the mutual information that is 
 locally accessible 

For quantum systems, generally the Mutual Information 
between A and B is NOT locally accessible.   
 

POVM 

Classical Correlation 

There is an amount of LOCAL INACESSIBLE INFORMATION (LII) 

L. Henderson and V. Vedral, J. Phys. A 34, 6899 (2001). 



Measures the amount of the mutual information that is NOT 
Locally accessible 

Quantum Discord 

H. Ollivier and W. H. Zurek, Phys. Rev. Lett. 88, 017901 (2002). 



Why to study Quantum discord? 

Reason 1.   The deterministic quantum computation with one clean qubit.  

Reason 2.   It is connected with fundamental questions of the  
                   quantum information theory 

Reason 3.   As an efficient detector of quantum phase transition 

-  Entanglement irreversibility 
-  Connected the negative signal of the conditional entropy 
-  Entanglement sudden death 
-  State Merging Protocol 
-  Linked with the entanglement in a measurement 
-  … 
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Peculiarities of the Quantum discord 

- Robustness to sudden death 

- Sudden changes during the dissipative dynamics 

- Assymetry � AB 6= � BA
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What could we  
say about the  
protection in  

this situation ??? 
 










