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Summary of the presentation

Introduction
Quantum Hall state and Fractional Quantum Hall effect

Geometry from the reciprocal space and Poincare-Bloch sphere
Topological properties from the poles and Time
Quantum Transport and Light Response
Interaction Effects
Applications

Fractional topology from the curved space
Application in quantum spheres model and topological semi-metals



Topological Bloch bands

Realized in quantum materials, graphene, cold atoms, light systems

Phase diagrams of interacting
Bosonic & Fermionic Models

I. Vasic, A. Petrescu, K. Le Hur, W. Hofstetter,
Phys. Rev. B 91, 094502 (2015)

Ph. Klein, A. Grushin, K. Le Hur, PRB 2021
arXiv:2002.01742

Mott transition and New Methods

Quantum Hall Effect and Chern Insulator



Spin-1/2 analogy



Topology



Topological Properties on the sphere



Geometry in the quantum 

Geometry in the Quantum

Chern number



(almost) accepted by Communication
Physics, Nature Journal Today 



Equivalent formulation in terms of the poles



D. Schroer et al. PRL 2014 (Boulder, K. Lehnert)
P. Roushan et al. Nature (John Martinis, Santa Barbara) 2014
Theory: A. Polkovnikov, V. Gritsev, M. Kolodrubetz

L. Henriet, A. Sclocchi, P. P. Orth, K. Le Hur PRB 2017



Smooth Fields on the Sphere and Topological Observables





Light-Matter Coupling

Circular
Dichroism
Jones Polarizations

Fermi golden’s rule

D. Tran, A. Dauphin, A. G. Grushin, P. Zoller, N. Goldman Sciences Advances 2017

Realization in Hamburg:
Luca Asteria et al. Nature Physics 2019



Relation to Transport

From Ehrenfest Theorem

Within our approach, the sum is performed only on the Dirac points. 

Link with Quantum Hall conductivity
Thouless, Kohmoto, Nightingale, deNijs



Stochastic View of Interactions

Coupling with Light

DMRGStochastic

Philipp Klein, Adolfo Grushin, Karyn Le Hur, Phys. Rev. B 2021



Driving in cold atoms Munich’s group

T. Li et al. Science 2016, arXiv:1509.02185



Topological Insulators & Quantum Spin Hall Effect

Kane-Mele Model 2005, 2006; L. Fu

Interaction Effects + Mott Physics : S. Rachel and K. Le Hur (2010); W. Wu et al. (CDMFT, 2012); F. Assaad et al. (2010, QMC)
Analytical Solution of Mott Transition: J. Hutchinson, Ph. Klein, K. Le Hur (2021), to appear



Fractional Topological Numbers

Joel Hutchinson and Karyn Le Hur, arXiv:2002.11823 

Einstein-Podolsky-Rosen



Model Joel Hutchinson & Karyn Le Hur
arXiv 2002.11823



Time-dependent protocol





Peng Cheng, Philipp Klein, K. Plekhanov, K. Sengstock, M. Aidelsburger, C. Weitenberg and Karyn Le Hur, 
Phys. Rev. B 100, 08110 (R) (2019). Collaboration with Munich and Hamburg.

Proximity Effects with Graphene



Bilayer system with M1=M2

Also measurable with circular dichroism of light
Jones formalism
D. Tran, A. Grushin, P. Zoller & N. Goldman 2017
L. Asteria et al (Hamburg’s group)
Ph. Klein, A. Grushin & K. Le Hur, 2021

C=1/2

Joel Hutchinson & Karyn Le Hur
arXiv 2002.11823

Time-reversal invariant semimetals
S. Young and C. Kane, PRL 115, 126803 (2015)



Summary of geometry and Transport

This formula is correct and is applicable in a given plane (sub-system j) from the poles (Dirac points) 





Rational Numbers also occur for spin arrays
Resonating Valence Bond States



Conclusion
Geometry of the sphere is also useful to understand topology of spin-1/2 models

- Application in quantum Transport 

- Response to Circularly Polarized Light quantized 

- Stochastic Approach to include Interaction Effects

Fractional Topology from the curved space, interactions between spheres
Applications: mesoscopic & atomic systems, topological semimetals

Thanks to the group members and new developments soon …                   

Thank You for your Attention


