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What Minimal Structure Enables Quantum Computation?

| build and analyze computational models that lie between efficient classical simulation and universal quantum computation.

EDUCATION

2010: DPhil in Computer Science | University of Oxford
2022: DSc in Mathematical Physics (higher doctorate by thesis) | Moscow Institute of Physics and Technology

ACADEMIC AND RESEARCH APPOINTMENTS

2024-present: Professor; MEIE Chairholder | ETS, Université du Québec

2017-2023: Associate Professor / Professor (Tenured) | Skolkovo Institute of Science and Technology
2012-2017: Research Leader, Quantum Science Laboratory | Institute for Scientific Interchange (ISI Foundation)
2009-2012: Research Fellow, University of Oxford; College Lecturer in Physics, St Peter’s College, Oxford
2007-2008: Fellow in Chemistry and Chemical Biology | Harvard University

2004-2007: Quantum Applications Scientist / Research Associate | D-Wave Systems

VISITING APPOINTMENTS

2023-2024: Simons Institute for the Theory of Computing, UC Berkeley; 2023-2024: NASA Ames Research Center / USRA-RIACS;
2015-2018: Institute for Quantum Computing, University of Waterloo.

RESEARCH LEADERSHIP AND INNOVATION

Co-Founding Director, Institut KETS; former founding laboratory head. Degree supervision: PhD: 6 completed / 2 ongoing; MSc: 4
completed / 1 ongoing; BSc: 1 completed / 1 ongoing. 9 postdoctoral fellows and 2 senior research scientists supervised or mentored.
Associate Editor | ACM Transactions on Quantum Computing

2020: Trusted Reviewer Award | Journal of Physics A: Mathematical and Theoretical | IOP Publishing

Patent family: Co-inventor on five U.S. grants; related sixth U.S. grant; Canadian grant and PCT/EU/Japanese filings; 91 citing patent
families (Google Patents, August 2026) | D-Wave Systems.

SELECTED RECOGNITION

2023: Fellow | Institute of Physics

2023: Fellow of the Higher Education Academy (FHEA) | Advance HE

2021: Fellow | Institute of Mathematics and its Applications

2018: USERN Medal in Formal Sciences | Universal Scientific Education and Research Network
2015: Edward Shapiro Visitors’ Seminar | Department of Mathematics, Pennsylvania State University
2010: EPSRC Doctoral Prize | Mathematical, Physical & Life Sciences Division, University of Oxford

SELECTED KEYNOTES AND PLENARIES

2nd |IEEE International Conference on Quantum Atrtificial Intelligence (QAI 2026); Inaugural World Quantum Cannes Festival (2026);
23rd GITMA Annual Conference (2026); 55th IEEE International Symposium on Multiple-Valued Logic (2025); 4th Intersection of
Al and Quantum, Mila and DistriQ (2025); Quantum Techniques in Machine Learning (QTML 2022); 4th Advanced Course on Data
Science & Machine Learning (ACDL 2021); Quantum Information and Quantum Technology 2021 (QIQT-21).
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Jacob Biamonte -« Selected Research Contributions

MODEL - UNIVERSALITY IN PHYSICAL SYSTEMS

Realizable Hamiltonians for Universal Adiabatic Quantum Computers

J. Biamonte and P. Love, Physical Review A 78, 012352 (2008).

Established QMA-completeness for 2-local Hamiltonians built from XX/ZZ or ZX couplings with local X/Z terms, providing physically
realizable universal ground-state models.

Simulation of Electronic Structure Hamiltonians Using Quantum Computers

J. Whitfield, J. Biamonte, and A. Aspuru-Guzik, Molecular Physics 109, 735-750 (2011).

Derived gate-complexity and resource requirements for quantum simulation of electronic-structure Hamiltonians.
Recognition: The 2011 Molecular Physics Young Author Prize was awarded to first author James D. Whitfield for this paper.

PROGRAMMING LANGUAGE - COMPUTATION FROM COMPOSITION

Categorical Tensor Network States

J. Biamonte, S. Clark, and D. Jaksch, AIP Advances 1, 042172 (2011).

Developed tensor-building-block representations of arbitrary n-qubit states and showed how AND, COPY, and the minus superposition state
can generate a computationally universal gate set.

Tensor Network Contractions for #SAT

J. Biamonte, J. Morton, and J. Turner, Journal of Statistical Physics 160, 1389-1404 (2015).

Connected counting complexity with tensor-network structure and identified a polynomially contractible regime containing O(log n) COPY
tensors with polynomially bounded fan-out.

Tensor Networks and Graphical Calculus for Open Quantum Systems

C. Wood, J. Biamonte, and D. Cory, Quantum Information & Computation 15, 759-811 (2015).

Developed a graphical calculus relating the Liouville, Choi, process-matrix, Kraus, and system-environment representations of completely
positive maps.

EMERGENCE - PARAMETERIZATION LIMITS

Quantum Machine Learning

J. Biamonte, P. Wittek, N. Pancotti, P. Rebentrost, N. Wiebe, and S. Lloyd, Nature 549, 195-202 (2017).

Synthesized the relationships between quantum-enhanced learning, learning methods applied to quantum systems, and the computational
resources underlying both directions.

Reachability Deficits in Quantum Approximate Optimization

V. Akshay, H. Philathong, M. Morales, and J. Biamonte, Physical Review Letters 124, 090504 (2020).

Introduced reachability deficits: expressivity gaps that restrict accessible states and explain performance breakdowns in
underparameterized QAOA regimes.

Universal Variational Quantum Computation

J. Biamonte, Physical Review A 103, L030401, Letter (2021).

APS Editors’ Suggestion: “The author proves that the contemporary variational approach to quantum-enhanced algorithms enables a
universal model of quantum computation.”

ADDITIONAL FRAMEWORKS AND EXPERIMENTAL COLLABORATIONS

Stochastic mechanics: With John C. Baez, developed a compositional, quantum-inspired framework for stochastic mechanics, chemical
reaction networks, and Petri nets (Quantum Techniques for Stochastic Mechanics, World Scientific, 2018).

Network information theory: With Manlio De Domenico, introduced spectral-entropy and divergence-based tools for statistical inference
and comparison of complex networks (Physical Review X, 2016). The 2019 field review was selected for Communications Physics’ 2020
anniversary Editor’s Highlights collection.

Chiral quantum walks: With Zoltan Zimboras and collaborators, introduced time-reversal-symmetry breaking as a framework for directed
quantum transport (Scientific Reports, 2013), later realized experimentally (2016). Other selected experimental collaborations include
photonic quantum chemistry (2010) and quantum adversarial learning with programmable superconducting qubits (2022).

RESEARCH IMPACT

OpenAlex, 28 August 2026: Approximately 10,404 career citations; 19 papers with more than 100 citations.
2026: Eight papers in the top 1% of OpenAlex citation comparison groups, including three in the top 0.1%.
2024: Included in the Stanford-Elsevier World’s Top 2% Scientists ranking, field of Physics.
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