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A theorem of statistical mechanics relates density fluctuations to compressibility. A new derivation of
this is given. The theorem is violated in the BCS model of a superconductor. The difficulty is resolved by
those same improvements in the theory which lead to a gauge-invariant Meissner effect.
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Entanglement and Observables in Many-Body Systems: “A small Recap from our side”

Review: Karyn Le Hur, Annals of Physics 2008 Kosterlitz-Thouless
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“Quantum limit”
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FIG. 5: (color online). Entanglement entropy in a quantum point contact (QPC). (a) Zero-temperature results for the time
dependent entanglement entropy with different QPC transmissions D. The D = 1 result shown in red is given by Eq. (2.41).
For D = 0.5, results were obtained from the series (2.1) with increasing cutoff number K from bottom to top. The thick blue
line is the converged result for K = 30. The ultraviolet short-time cutoff is 7. = 10™° ns. (b) Finite-temperature results for
T = 10 mK (or 73 ~ 1.5 ns), D = 0.5, and 7. = 107° ns. Blue lines show results obtained with increasing cutoff number
K and the thick blue line is the converged result. For comparison, zero and high temperature limits are indicated with a
red and a blue dashed line, respectively. For short times ¢ < 73 the time-dependence is logarithmic, while for long time the
high-temperature behavior eventually prevails and the entropy grows linearly with time. (c) Results for a biased QPC as a
function of the transmission D. Here v = eV/(2kpT) is the ratio of the applied voltage V over temperature 7. In the long-time
limit ¢ > 73, the ratio S(D)/S(0.5) does not depend on time. The cutoff number is K = 10. As the voltage is increased, the
entanglement entropy changes from a nearly linear dependence on D to that of a binomial event with success probability D,
given by Eq. (2.45) and shown with a red dashed line.



1D Kitaev p-wave SC Wire (transverse Ising spin chain): Insight from Topology

L. Herviou, C. Mora, K. Le Hur, Phys. Rev. B 96, 121113 (2017)
Further work on applications in Weyl semimetals & 2D superconductors Phys. Rev. B 99, 075133 (2019)
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Quantum Phase Transition of a Kitaev Wire

F. del Pozo (Phd student), L. Herviou, K. Le Hur Phys. Rev. B 107, 155134 (2023) tot
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A pair of %2 Topological Numbers as a Probe of Bell State or EPR pair

ANRBOCA France . Hutchinson (post-doctoral fellow) and K. Le Hur, Communications Physics 4, 144 (2021), Nature Journal
NSERC Canada
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classical antiferromagnet, My=Ma=M
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Entangled WaveFunctions in Topological Band Structures

Topological Nodal Ring Semimetal: Topological Half Metal

J. Hutchinson & K. Le Hur, Communications Physics 4, 144 (2021) Thanks to DFG FOR2414
P. Cheng, Ph. W. Klein, K. Plekhanov, K. Sengstock, M. Aidelsburger, C. Weitenberg, K. Le Hur, Phys. Rev. B 100, 081107 (2019)
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Bilayer model: o acts on sublattice and s on plane
Graphene model: o acts on sublattice and s on spin ~ 3V3-M<r<3V3n+M
M charge density wave substrate; r Zeeman effect in plane
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K. Le Hur and S. Al Saati (PhD student), PRB 107, 165407 (2023) and arXiv:2311.13922



Topological Markers

K. Le Hur and S. Al Saati, arXiv:2311.13922
The spin polarized blue edge mode

shows a quantized conductance at the edges

Quantum Hall response can be evaluated for the different bands,
domains with Kubo formula
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Introduction of a stochastic variational approach for interacting topological systems



Relation to the 2 spheres model, entangled wavefunction, and % local Topological Marker
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Majorana Fermions

K. Le Hur, Phys. Rev. B 108, 235144 (2023)
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2 Kitaev wires coupled to a Coulomb interaction

L. Herviou, C. Mora, K. Le Hur, Phys. Rev. B 93, 165142 (2016) ; F. del Pozo, L. Herviou, K. Le Hur Phys. Rev. B 107, 155134 (2023)

Majorana liquid: equivalent to pair of Majorana modes

at one pole or 2 Ising models
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Majorana Fermions and Protected Quantum Information

Ephraim Bernhardt (Phd student, graduation 2023), Brian Cheung Hang Chung (M aster), Karyn Le Hur, Physical Review Research 6, 023221 (2024)
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Generalization to a Ring of Spheres: Relation to Kitaev Wire

Progress in spin array with Majoranas
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%2 number of spheres: GHZ states at south pole and topological number C=1/2 stable when adjusting parameters
Joel Hutchinson and Karyn Le Hur, Communications Physics 4, 144 (2021)



Generalizations of Fractions for odd number of spheres in a ring

Generalized Resonating Valence Bonds and Ferromagnet

Classification of states with 1 domain wall in a classical antiferromagnet (stable “gap”)
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Superconductor and Bardeen-Cooper-Schrieffer WaveFunction

K. Le Hur and T. Maurice Rice, Annals of Physics 324 (2009) 1452
Applications in ARPES and cold atoms (time of flight, noise...)
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Summary

Progress on many-body entanglement and probes: our own try “bi-partite fluctuations”

Measurable in quantum wires, e.g. capacitance and charge fluctuations

Ln of Luttinger liquids and 1D fluids (spin chains)

Superconductors linked to quantum Fisher information and negative Ln correction for Kitaev 1D wire

Bell state or EPR pair and Model of Two-Spins on Bloch Spheres: pair of /2 Topological numbers
New way to characterize topological states from the poles and quantum mechanics
New Platform for quantum information and Majorana fermions

Application to Correlated Matter

BCS wavefunction and entropy of a Cooper pair in a superconductor

Phase transition of a topological Kitaev superconducting wire and one-half Skyrmion
Two interacting wires and DCI Double-Critical-Ising phase

2D Topological semimetal in bilayer or one-layer graphene
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