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errors !

All the different steps of the quantum 
calculations are affected by errors

errors !

errors !
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Quantum Hall Effect

K. v. Klitzing et al., PRL 45 (1980) 494.

M. Büttiker, PRB 38 (1988) 9375.



Topological States of Matter



Topological States of Matter

Promising platform: QH state in proximity to SC



State of the art

Graphene-based QH+SC hybrids



State of the art

Graphene-based QH+SC hybrids

▪ ultra-high carrier mobility

▪ barrier-free contacts with high-Bc materials



State of the art

F. Amet et al., Science 352, 966–969 (2016) G.-H. Lee et al., Nat. Phys. 13, 693 – 698 (2017) 
Ö. Gül et al., Phys. Rev. X 12, 021057 (2022)

NbN - Andreev reflection FQHMoGe - chiral SC

H. Vignaud et al., Nature 624, 545–550 (2023)

MoRe - SC pockets



Results - Fabrication

S. Pezzini et al., 2D Mater. 7, 041003 (2020)

10 µm

bottom 
hBN

top 
hBN

A. Boschi, SP et al., in preparation

T = 2.7 K



Results - Fabrication

S. Pezzini et al., 2D Mater. 7, 041003 (2020)

A. Boschi, SP et al., in preparation

10 µm

bottom 
hBN

top 
hBN



Results - Fabrication
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Results - induced superconductivity



Results - induced superconductivity

Jc = 4.2 μA/μm



Results - superconductivity at low B

Fraunhofer interference pattern

Ic quickly suppressed (?)



Results - normal state magneto-transport

B < Bc
Nb 

v = 2   6   10  14 …



Results - normal state magneto-transport

2Rc = L
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Results - superconductivity at intermediate B

M. Ben Shalom et al., Nat. Phys. 12, 318–322 (2016)
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Results - superconductivity at intermediate B

M. Ben Shalom et al., Nat. Phys. 12, 318–322 (2016)

Vbg = 40 V
B ~140 mT

 

2Rc > L

 



Results - superconductivity at high B

2Rc < L

 

F. Amet et al., Science 352, 966–969 (2016)



Results - superconductivity at high B

Hall mobility: 
𝜇𝐻 = 2.95 × 104 cm2/Vs
@ n = 8.5 x 1011 cm-2

B = 2 T



Results - superconductivity at high B

Idc = 4 nA

Idc = 0 nA

 

B = 2 T



Summary & Outlook

▪ highly transparent graphene-Nb interfaces

▪ SC in quantizing magnetic fields



Summary & Outlook

▪ highly transparent graphene-Nb interfaces

▪ SC in quantizing magnetic fields

▪ SC materials (new sputtering)
and device geometry

▪ new 10 mK dilution 
and local probing 

SGM Lab at NEST 

Ö. Gül et al., Phys. Rev. X 12, 021057 (2022)



Thank you for your attention!
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