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Coming up...

• Quick Recap of tomography and stuff..

• Why process tomography is hard and how 
does compress sensing work?

• experimental data

• Conclusions 



Quantum Process 
Tomography

• Quick Recap of state tomography and 
Process Tomography ... 

Density operators
Hermitian, semi-positive definite, 
unit trace

Consider a qubit:
3 real parameters and can be 
written as 



Quantum Process 
Tomography

• This can be generalized for n qubits:

• How to characterize the processes??
Most intuitive answer:
If the system has dimension d, choose d2 
pure states         ,       ,..., and        such that          
          ‘s form a complete basis for state 
space...

Mathematically this should be Enough!!



Representations ....

• We’d like to find a useful representation of 
the process.. e.g.

• Alternatively, one can fix a basis E’i and use 
the following representation:

Where:
Generally X has d4-d2 

independent, real entries.



What to remember:
Forgive the change in notation

positive semidefinite, trace-preserving matrix 
often referred to as ‘process matrix’.

Form an orthonormal basis:



Nomenclature:

• s-sparse ... a vector is s-sparse if all its 
entries except at most s are zero.(not a 
property of vector but representation)

• l0,l1,l2 norms...



Nomenclature:
cont’d

• Restricted Isometry Property:



Statement of the 
problem:

We have a system prepared in
Sent through the Quantum Process
(Channel) and perform Measurements

                        (note: no completeness assumptions here).

 We look at probabilities:



The Question:
Is it possible to invert such a highly underdetermined 
system of equations?

Here is where the compressed sensing comes into play:
Provided      satisfies certain conditions, it is possible...



The conditions:
i)

ii)

iii)

Then one recovers the solutions by solving:



The conditions guarantee that the solution 
satisfies:



Quick Recap:

RIP:

Number of measurement settings:

Optimization problem:

The Result:

As an example, for n qubits:



But wait, how can one choose the set of initial 
conditions and measurements such that the matrix 
satisfies all the conditions??

yield good

It turns out that if they are chosen randomly, with a 
high probability they will satisfy the RIP condition!

Hence, a nearly sparse process can be recovered from 
exponentially fewer measurements!!!



The Experiment
Put this to test against the Full-QPT



How?

Take any random subset the measurement data a 
and extract the process matrix

Why is this not “too” realistic??



First Set of Experimental data:

Data here is randomly chosen from all the X576 
measurements  .. 



More experimental 
Results...

For this next set of data 16 input states and 2 output 
measurements were chosen (m=32) .. (Not quite that 
randomly)

input

projector







Summary:

• QPT for Sparse processes can be executed 
exponentially faster! (One may ask how 
does it depend on the rank, knowledge of 
process, basis, etc)

• This may enable us to perform QPT on 
larger systems(very broad range of applications)

• We still need to find the optimal settings + 
possibly faster methods for convex 
optimization and etc...


