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OUTLINE

Characterization of quantum noise processes:
Explore usefulness of the Fano representation

Examples: 
1) Quantum Process Tomography

2) Distance between Quantum Channels



Fano form of an n-qubit quantum state

Generalized Bloch vector

Two-qubit example:



All information about the quantum operation are 
contained in the quantum process tomography matrix  



To obtain the QPT matrix:

Convenient choice of initial states: tensor products of



Advantages of the Fano approach to QPT

The number of matrix elements of χ equals the number of free 
parameters needed to characterize the quantum operation

Matrix elements are real and directly account for the 
evolution of polarization measurements 



Example of experimental QPT



Single-qubit systems



Illustrative example: amplitude damping channel



Two-qubit systems



Illustrative example: uncorrelated vs. correlated dephasing



Fully correlated dephasing
Phase-kick model:



n-qubit systems with weak and local noise

Local noise is described by 12 parameters for each qubit

Cross-talks between 2 qubits described by 3 parameters:



Distance between quantum channels

Optimization over input states: minimal error probability

trace norm



Entanglement can help discriminating quantum channels

(Childs et al, J. Mod. Opt. 47, 155 (2000); Acin, PRL 87, 177901 (2001); 
D’Ariano et al, PRL 87, 270404 (2001); Sacchi, PRA 71, 062340 (2005);...)

diamond norm
(see Kitaev’s book)

1. Ancillary systems of the same dimension of the original system are sufficient
2. It is sufficient to optimize over pure input states



Monte-Carlo algorithm: convergency test

(Pauli channel, see Sacchi, 
PRA 71, 062340 (2005))

(quantum channels 
conveniently expressed in 
the Fano representation)



Ex.: distance between bit- and phase-flip channels



Ex.: distance between depolarizing and +z-displacement

Trace norm Diamond 
norm Difference



Conclusions

The Fano representation leads to a particularly simple and 
appealing form of the quantum process tomography matrix 

The distance between two quantum channels can be computed 
by means of a Monte-Carlo algorithm based on the Fano 

representation

More generally, the Fano representation provides a 
computationally convenient and physically transparent 

representation of quantum noise


