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Hall Interferometers for qguantum computation

> Integrability into traditional circuitry
» Single Electron Sources for localized carriers

» Chirality: coherence lengths > 10 pm (20 mK)
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@ » Graphene: Dirac fermions + Valleytronics
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Jo et al. Physical Review Letters 126, 146803 (2021)
. Carrega et al. Nat Rev Phys 3, 698-711 (2021)



Properties of Graphene

Tight-binding Hamiltonian in momentum space:
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> If M=0: Dirac fermions, vp = —~

> 4-component wave function
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Quantum Hall Effect
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B 1 Graphene layer:
> Bulk: E, = +{/M2? + n(hw,)?

= Valley degenerate
= Both above and below Eg

> Valley admixing at the edges
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\ Numerical simulation - Initialization

/ Physical system: Simulated space:
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Eigenstate: Localized Wave-packet:
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\ Numerical simulation - Evolution
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Moving along junctions

oy, =30nm - op ~ 7.63meV (60; =~ 45.78 meV) 1) Edge States = 1, > 1,

AV = 100 meV, Ey= 51.4 meV 3) Klein tunneling
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Forghieri et al., Phys. Rev. B 106, 165402 (2022)
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\ MZ1 with Quantum Point Contacts

T(E) =1-R(E) =
1

— e_a(E_EQPC)+1

» Channels with
same chirality

» Can transmit
below the barrier

» High visibility (> GaAs)
» Localization = Phase averaging
eh(B)

Aharonov-Bohm phase: Ap = ——
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\ MZI with Valley Beam Splitters
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Frequency (102nm)

» Minimal phase averaging
» Varing Ly,: f = eB|5y|/h
» Frequency changes with L,
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Non-trivial channel shape
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Drop in visibility
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Future perspectives

> Detailed characterization of VBS Gaia Forghier

gaia.forghieri@unimore.it

» Analysis of recombination processes

along channels Paolo Bordone

paolo.bordone@unimore.it

» Two-particle interferometry

» Longer simulations with HPC resources
Andrea Bertoni

andrea.bertoni@unimore.it
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