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Why a quantum Hall quantum Computer? 

Fundamental reasons: QH liquids at peculiar filling factors (5/2, 
12/5) are expected to exhibit non-Abelian excitations. Since 
quantum operations on such objects are expected to only depend 
on the topology, they could implement fault tolerant calculations.  
[Nayak et al., Rev. Mod. Phys. 80, 1083.]  

a gate “NOT” operating with non-Abelian 
quasiparticles 
[Nayak et al., Rev. Mod. Phys. 80, 1083 (2003)] 

An electron-hole entangler  
[Beenakker et al. PRL 91, 147901 (2003)]  
  



Transport and noise properties in 
quantum Hall edge states 

Effective charges in Abelian and non-Abelian states 

M. Carrega, D. Ferraro, A. Braggio, N. Magnoli, and M. Sassetti, PRL 107, 146404 (2011) 
M. Carrega, D. Ferraro, A. Braggio, N. Magnoli, and M. Sassetti NJP 14, 023017 (2012) 
A. Braggio, D. Ferraro, M. Carrega, N. Magnoli, and M. Sassetti, NJP 14, 093032 (2012)  

D. Ferraro, M. Carrega, A. Braggio, and M. Sassetti, NJP 16, 043018 (2014) 

Moty Heiblum’s measurements 

Abelian qp. 
Non-Abelian qp. 
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A new architecture for QH interferometry 

a simply connected QH interferometer: 
the proposal of Giovannetti et al. 

Advantages: 
 
•simply connected topology (no air bridges) 
 
•very small F area, only a few flux quanta 
are involved 
 
•the device is scalable: it is possible to put 
many devices in series 

New architecture: beam splitters induce 
mixing between co-propagating edge 
channels 
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Imaging fractional structures in integer channels 

The Reconstruction Picture 
suggests that at the edge 
of a smooth integer edge a 
series of compressible/ 
incompressible fractional 
stripes can occur. 
We used the SGM 
technique to image them. 

N. Paradiso et al.  
Phys. Rev.  Lett.  108, 246801 
(2012) 
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Can we exploit the non-trivial edge structure? 

The picture of a QH device emerging from 
the experiments 

A “bus” of fractional 
compressible and 
incompressible channels: 

How do these channels interact?: 
 
We will exploit the SGM technique to 
implement a variable-geometry device  
to image the scattering processes  

Charge transfer between parallel 
(i.e.co-propagating) edge channels 

Komiyama et al. PRB 45, 11085 (1992).  
Karmakar et al., PRL 107, 236804 (2011) 
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N. Paradiso et al. Phys. Rev. B 83 (2011) 155305. 

correlation found 

SGM scan at zero magnetic field 

Imaging the inter-channel equilibration 

Tight-binding simulations 



Bisu beam mixer 



Time-resolved electron dynamics in complex Hall geometries 

 DONE 

 Quantum Hall edge states interferometry with arbitrary 
integer ff 

 Efficient numerical solution with Fourier split-step parallel 
algorithm 

 Effect of split-gate confinement on visibility 

 Energy selectivity of QPCs   (J. Phys; Cond. Mat. 27, 475301 
2015) 

 Delocalized scattering states calculation 

 IN PROGRESS 

 Two-particle (two-qubit) simulations with e-e interaction 

 Effect of noise on entanglement 

 Simulation of quantum teleportation of an electron 

Modena: Andrea Bertoni, A. Beggi, P. Bordone 

Theoretical validation of universal set of 
quantum gates  

 QUBIT (in order of preference): 

 Optical path 

 Landau level edge number 

 Spin 



Non equilibrium properties in 
topological edge states 

• Electron quantum optics (mesoscopic 
capacitors) 

Charge fractionalization  

and energy partitioning  

After single electron  

injection 

 

• Interaction induced thermo-electrical effects 
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Non equilibrium properties in 
topological edge states 

Collaborations: N. Magnoli, I. Levkinsky, B. Sothmann , R. Sanchez 

Collaborations: M.Sassetti, D. Ferraro 
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Summary and outlook 

a new class of quantum 
interferometers 

Future directions: 
Interference of fractional 

quasi-particles ? 

Edge channel tomography: 
imaging of fractional stripes 

size-tunable QH 
circuits: study of the 

channel mixing 

SGM technique in 
the QH regime 



Topological qubits in solid state 
Topological quantum states 

Quantum Hall effect for Metrology 
Resistance standards 
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SNS Josephson junctions 
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S. Guiducci, Master Thesis, NEST Pisa 

 

Vedi anche M. Amado et al.,  

Phys. Rev. B 87, 134506 (2013). 



Local Spectroscopy (B = 0) 
xTip 



Local Spectroscopy (B = 0) 
xTip 



Local Spectroscopy (B = 0) 
xTip 



Local Spectroscopy (B = 0) 
xTip 



Local Spectroscopy (B = 0) 
xTip 



Local Spectroscopy (B = 0) 
xTip 



The next step 

• Investigations of JJs in the QH regime 

S. Guiducci, Master thesis 
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The next step 

• Investigations of JJs in the QH regime 

• QuantERA proposal 





The next step 

• Investigations of JJs in the QH regime 

• QuantERA proposal: Parafermions in hybrid 
superconductor-quantum Hall systems for 
topological quantum computation 
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