(f_ﬂ‘\ QuanTEdu

FRANCE ML‘ QUANG

AQua ntAlps

PhD thesis project
ZX-diagram extraction from non integrable models

General Scope:

Quantum computing is advancing rapidly and aims to surpass the capabilities of classical algorithms.
However, verifying quantum computations requires the development of more powerful classical
algorithms, directly inspired by the algebraic structures of quantum mechanics and capable of
competing with quantum computers.

The objective of this PhD Thesis is to explore the potential of a novel classical tool—the ZX calculus—
for the development of such algorithms. The ZX calculus makes it possible to manipulate complex
quantum problems in diagrammatic form, thereby offering a visual and algorithmic alternative to
state-of-the-art numerical methods.

PhD Subject:

Originally developed to simplify quantum circuits Quantum circuit creating the GHZ state with 3 qubits
(see Figure), the ZX calculus [1] relies on diagrams
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representing tensor networks, which can be :8; — [jo00)+1111)
simplified using rigorous graphical rewriting rules. 10 ® 2 7 state
While many studies exploit this tool to optimize
quantum circuits, its application to the quantum %:%20{’%: O‘D_E:HE: ‘E
many-body problem remains largely unexplored [2].
We have recently contributed to providing the first ~ Toric code ground state in ZX Pauli tree
example demonstrating that the ZX calculus can
resolve open questions in the context of the many-
body problem [3]. We developed a graphical
method, for analytically solvable cases (the toric
code and the color code), that allows one to
unambiguously determine whether a quantum
many-body state exhibits long-range, so-called
“topological”, entanglement. This property is
essential for quantum error correction and for the
emergence of robust phenomena in condensed
matter physics, such as the quantum Hall effect. Our
method avoids the well-known ambiguities
associated with traditional classifications based on
entanglement entropy.

The potential of the ZX calculus beyond analytically solvable models remains largely unexplored. This
PhD Thesis will show that diagrammatic structures derived in the ZX framework for exactly solvable
models also emerge in non-exactly solvable cases, for instance by breaking the integrability of the
toric code through the addition of a magnetic field, where the states are obtained using standard
tensor-network-based algorithms. This project would lead to the first demonstration of the usefulness
of diagrammatic reasoning beyond analytically solvable models, potentially enabling the development
of new algorithms inspired by graphical structures derived from the ZX calculus.

ZX-calculus for the working quantum computer scientist

AKLT-states as ZX-diagrams: diagrammatic reasoning for quantum state
A graphical diagnostic of topological order using ZX calculus, arXiv:2509.12355

Required Skills:
e Familiarity with concepts of Advanced Quantum Mechanics, Many-Body Quantum Physics,
Quantum Field Theory, Quantum Information
e Coding skills in Python

Laboratory: MEM /L _Sim (CEA Grenoble)

PhD Supervisor:
e Michele Filippone, michele. filippone@cea.fr
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