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Motivation

NYU

(@) Nonmagnetic e Andreev reflection at the interface

metal Superconductor Superconductor
electron ¢
hole (];T\..:L * Chiral Andreev edge states
" ¥, =a*¥, +b*¥_

» Expected in longitudinal resistance:

B=0 A flecti :
O Andreev reflection P, = 4\a\z\ﬂ\2Sln2(5kL/2)
(b) Spin-polarized * Oscillations
metal Superconductor /\/\/\/ e

* Negative resistance

B =0 Normal reflection

Superconductor

(C) 2DES QHE Superconductor

8 = it L.
400 ~ fa\—/ Qfé 0.5 ’ 1 2 3 4 5 6 i
= -a‘- - 16 -QG} 35 L’ filling v
: % 200 ; 0 o r J
B# 0 Andreev or normal reflection " hy le 0 S A VA W\,
"'"r FT‘IJH —— - hAERL L — o e \_J :ﬁmn
—-200 | | | 12 -0.5 | | | | | | -
5 6 7 8 9 10 11 1 2 3 4 5 6
Ve (V) filling v

Y. Kozuka et al. JPS (2018) L. Zhao et al. Nature Physics (2020) O. Gl et al. arXiv:2009.07836 (2020)



Key ingredients: epitaxial contacts
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Individual ingredients
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Device Fabrication
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False colored optical photo of the device

InAs 2DEG

M. Hatefipour et al. arXiv:2108.08899 (2021)



Buttiker Formalism : reflection from a normal contact at QH
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Buttiker Formalism Modification for Andreev Reflection (AR)

A probability of electron-hole conversion

Normal contact : R+T=1

T probability for a single electron tunneling into the SC

- A+T+T,,;,=1
Superconducting contact : edge Te dge Probability of an incident electron to scatter to the e
B
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QH+SC
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QH measurement / Down stream measurements
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Down/up streams measurements
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Down/up streams measurements
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Down/up streams measurements

0
2 05|
-
= ——(=-
e @ 1 0.1 0.2 0.3 0.1 0.5

M. Buttiker, PRB(1988) M. Hatefipour et al. arXiv:2108.08899 (2021)



Down/up streams measurements
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Interface transparency/cleanness

Ry (kQ)

Proper interface cleaning
before NbTiN deposition

No cleaning performed
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Summary

NYU

e Fabrication of gate controlled InAs/NbTiN Hall-bar A0F ® Downstream ® Upstream|

* Negative resistance observation at 2DEG/Superconductor
interface in IQHS
e Lower band value of AR at 2DEG/Superconductor by ~15%

Speaker, Reference Onder Gul, arXiv:2009.07836, arXiv:1609.08104 Gleb Finkelstein, arXiv:1907.01722 Javad Shabani, arXiv:2108.08899
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Materials Graphene, NbTiN Graphene, MoRe InAs 2DEG, NbTiN

Main observations R ~ const < 0 for integer and fractional QHE; Oscillatory R, (G) = 0; var(R) — 0 with R ~ const < 0 ininteger QHE plateaus; R < 0
(R is nonlocal voltage R —0atW 2 0.2um T 2 0.2K; sudden jumps in R(B) persiststo I = buA
divided by drain current)
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