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Monopoles 

Quantum Hall system
Quantum Anomalous
Hall Effect

p+ip superconductor
Kitaev p-wave superconductor

See Andrei B. Bernevig
book



Spin-1/2 analogy

SO(3): parameter space
SU(2): Bloch sphere

Haldane Model 1988, Nobel prize 2016
Kane-Mele Model 2005



Santa-Barbara “google”:
P. Roushan et al. 
arXiv:1407.1585
Nature 515, 241 (2014)

Analog of Bardeen-Cooper-Schrieffer
pair from the reciprocal space
“2 giant Bloch spheres in k-space”

Realization in superconducting circuits
In cavity



General Topometry: Smooth Fields
Joel Hutchinson and Karyn Le Hur, arXiv:2002.11823

Communications Physics, 4 144 (2021) 



Local Interpretation of C2

Karyn Le Hur, arXiv:2106.15665





Relation entanglement and Topology
Key point: Smooth Fields are uniquely defined on the north’ and south’ regions

Hilbert space representation of 2-spheres’ model, 

Poles: all azimuthal angles are equivalent ckl=ckl(𝜃)



Transport on the sphere

Parseval-Plancherel Theorem

Joel Hutchinson and Karyn Le Hur, Communications Physics 4, 144 2021 Nature Journal, open access 



Quantum Hall conductivity

Karplus-Luttinger velocity
(1954)

C=1/2: measure = projection on one of the 2 Kets of 𝜓 with probability 1/2



Fractional Topological Numbers

Joel Hutchinson and Karyn Le Hur, arXiv:2002.11823
Communications Physics, 4 144 (2021) 

Einstein-Podolsky-Rosen pair
or resonating valence bond

Analogy to cuprates with hot and cold spots in the reciprocal space



Model



Time-dependent protocol







resolved locally in “planes”



2 planes’ model realized with a Coulomb interaction

Analogy with an Ising Interaction from the reciprocal space



Relation to Magnetoelectric effect in 3D TIsC=1/2
Experiment: R. Toshimi et al. Nature Communications 2015, (Bi1-xSbx)2Te3
Axion electrodynamics in 3D topological materials, recent review, A. Sekine and K. Nomura, arXiv:2011.13601
X. Qi, T. Hughes, S.-C. Zhang Phys. Rev. B 78, 195424 (2008)





New efforts on interactions and Mott phases

Kane-Mele-Hubbard Fermions

Kane-Mele-Hubbard Bosons: K. Plekhanov, I. Vasic, A. Petrescu, R. Nirwan, G. Roux, 
W. Hofstetter, K. Le Hur, PRL 2017; new chiral spin state (peak in 

Haldane Hubbard model, bosonsHaldane Hubbard model, fermions

Ph. W. Klein, A. Grushin (DMRG), K. Le Hur Phys. Rev. B 2021
Stochastic approach, path integral variational method 

Analytical solution from stochastic approach for Mott transition in 2D, controllable fluctuations
J. Hutchinson, Ph. W. Klein, K. Le Hur 2021; agree with CDMFT W. Wu, S. Rachel, W.-M. Liu, K. Le Hur, 2012

Kane-Mele-Hubbard 
Model, fermions

Wurzburg

DMFT
Cluster perturbation theory
Quantum field theory

I. Vasic, A. Petrescu, 
K. Le Hur, W. Hofstetter, 2015 

CSF: analog
of FFLO state for
bosons

PMI state: Mott state
with topological particle-hole
excitations

)

XY

Quantum spin Hall



Application, “Quantum dynamo effect”: L. Henriet, A. Slocchi, P. P. Orth, K. Le Hur, 2017


