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PhD thesis project

When Superconductivity Meets the Quantum
Hall Effect

General Scope:

Hybridizing superconductivity with the quantum Hall (QH) effect
offers a powerful route toward engineering novel quantum circuits
capable of hosting and manipulating topological and non-Abelian
states, a key ingredient for fault-tolerant quantum computation.
Quantum Hall phases exhibit a remarkable diversity of emergent
phenomena, including full spin polarization, helical edge modes with
spin—momentum locking!, fractionalization of charge into anyonic
quasiparticles, and, most strikingly, non-local states with non-
commutative braiding statistics in the non-Abelian regime.

Coupling these exotic edge states to superconductors opens the  Figure| Graphene quantum Hall Josephson
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accessible in conventional materials. Ref.l.

PhD Subject:

In 2023, our group demonstrated the first graphene-based Josephson junction operating in the quantum Hall
regime?, sustaining supercurrent up to a record magnetic field of 8 T. We showed that, in this extreme regime,

the supercurrent is carried by quantum Hall edge states —one-dimensional channels propagating unidirectionally
along the sample boundaries— resulting in an unusual chiral supercurrent.

Building on this breakthrough, the proposed PhD project aims to explore more exotic quantum Hall phases
coupled to superconductivity, where proximity effects are expected to induce non-conventional superconducting
states, such as effective p-wave superconductivity and topological Andreev bound states with non-Abelian
properties.

The PhD candidate will develop state-of-the-art high-mobility graphene van der Waals heterostructures, in which
carefully engineered Josephson junctions will be fabricated and equipped with electrostatic gate electrodes.
These gates will allow precise tuning of quantum Hall filling factors and control over the trajectories and coupling
of edge channels. The project combines advanced nanofabrication and low-temperature quantum transport with
cutting-edge spectroscopy techniques, including quantum transport measurements down to 10 mK and magnetic
fields up to 16 T; High-field circuit quantum electrodynamics (cQED) measurements; Microwave spectroscopy to
resolve the Andreev spectrum and probe the dynamical properties of hybrid QH—superconductor junctions

Required SKills:
® Strong background in condensed matter physics or quantum physics
® Ability to take initiative and collaborate effectively within an international research team

Laboratory: Neel Institute, CNRS Grenoble

PhD Supervisors:
e Benjamin SACEPE (benjamin.sacepe@neel.cnrs.fr), website : https://sacepe-quest.neel.cnrs.fr/

1 Helical quantum Hall phase in graphene on StrTiO; L. Veyrat et al. Science 367, 781 (2020) arxiv:1907:02299
2 Evidence for chiral supercurrent in quantum Hall Josephson junctions, H. Vignaud et al. Nature 624, 545 (2023) arxiv:2305.01766
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