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Works we will discuss
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State tomography papers Process tomography papers

Theory

Experiment



Overview

• Define “quantum tomography” and “variational” informally

• Define them formally

• Explain why we take a variational approach

• Show results

• Comment on the details

• Conclude
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Informal definitions
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Tomography by etymology

• tomos – slice, section (Greek, τόμος)

• graphō – to write, describe (Greek, γράφω)
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Tomography by example
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Tomography by example
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Tomography by example
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Variational approach to identity
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Variational approach to identity

• Goal: Have an image of Junebug →
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Junie presiding over his kingdom



The variational algorithm in action
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• Ansatz: 718 x 766 gray rectangle

• Cost: pixel difference

• Update rule: interpolation (cheating)

• Stopping criteria: cuteness 



And now, a formal introduction
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Quantum state tomography with a single qubit
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Quantum state tomography with a single qubit
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Quantum state tomography with a single qubit
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Quantum state tomography scaling
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Quantum state tomography scaling
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Quantum state tomography scaling
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The variational approach: A new identity for quantum 
states
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The variational approach: A new identity for quantum 
states
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The variational approach: A new identity for quantum 
states
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Variational quantum state tomography example
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A two qubit system



Variational quantum state tomography example
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A two qubit system in thermal 
equilibrium with a bath



Variational quantum state tomography example
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A two qubit system in thermal 
equilibrium with a bath

Abstract Gibbs representation



Variational quantum state tomography example
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A two qubit system in thermal 
equilibrium with a bath

Matrix representation

Abstract Gibbs representation



Variational quantum state tomography example
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Variational quantum circuit representation (ansatz)

Matrix representation



Variational quantum state tomography example
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A couple algorithm results
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A snapshot of numerical results

30QAISG QML 5 April 2023

Ezzell N 2022 naezzell/qmsc: qmsc arXiv 
v1.0.1 release (Zenodo) 
(https://doi.org/10.5281/zenodo.7039676)



A snapshot of quantum hardware results
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A few comments on theory
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The quantum low-rank approximation problem
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The quantum low-rank approximation problem
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Trace distance, not unique Hilbert-Schmidt distance, unique



Some comments on the cost function
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A comment on sample complexity of learning unitaries
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Questions? (references on slide… for reference)
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