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PART 1: QUANTUM STATE TOMOGRAPHY

(QST)



DENSITY MATRIX RECONSTRUCTION

Section 1a. 
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As can be shown (ref. Nielsen and Chuang page 105)

റ𝑟 = Bloch Vector

റ𝜎 = 𝑒𝑥𝜎𝑥 + 𝑒𝑦𝜎𝑦 + 𝑒𝑧𝜎𝑧
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DEFINING THE MEASUREMENT OPERATORS

Section 1b. 







Thus the measurement operation (along a single quadrature) has the general form:

𝑀 = 𝛽00I⊗I + 𝛽10Z⊗I + 𝛽01I⊗Z + 𝛽11Z⊗Z

where the physical observable is the homodyne voltage, and the coefficients βij are 

obtained from calibration (see following slides). 

The measurement axes can be changed (i.e. to probe X⊗Y, etc) by pre-rotating the 

qubits immediately prior to readout. 



CALIBRATION…







3 qubits require 63 measurement operators

4 qubits require 255… (goes as 4^N – 1)





IN PRACTICE…

Section 1c. 



Probabilities must be real and non-negative!



A ubiquitous remedy:  Maximum Likelihood Approximation (MLE)

The ti are parameters to be optimized during MLE. 







Which is subject to the additional constraint that Tr{ρp} = 1.

To provide the algorithm with starting values for the ti …



Re Im

Corresponds to ۧ|𝜑 =
1

2
ۧ|00 − ۧ|11

(plus some experimental error) 



PART 2: QUANTUM PROCESS TOMOGRAPHY

(QPT)



OPERATOR-SUM REPRESENTATION

Section 2a. 



Assumes no initial correlation between system 

and environment.

See page 361 of Nielsen and Chuang



A proof ( based on Gernot Pfanner, pg 33 of Thesis “A study on photon-entanglement from the biexciton cascade in a quantum dot”)









QPT – THE “BLACK-BOX” RECIPE

Section 
1

2
ۧ|2b. + | ൿ2b.



The original recipe (Journal of Modern Optics, 1997)













IMPLEMENTATION OF SINGLE-QUBIT QPT

Section 2c.











For each (m,n) combination of our chosen operators, we are essentially finding the equivalent 

of a ‘lambda’ matrix that specifies how possible evolutions of the basis states are constructed 

(from the basis states)



Obtaining a pseudoinverse directly from a matrix of matrices is not an easy 

task, hence I employ a trick…











Page 397 from N & C;  p is a probability, gamma is a numerical parameter; theoretical 

values can often be found from the Master equation



Bloch Sphere Visualization…





It can be shown….



i.e. a dephasing

process


