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Nanoelectronics – Department of PhysicsExotic quantum states

Nanoelektronika - Fizika TanszékWeyl protected degeneracies

C0=-1

C0=-2

=90,  =150  =90,  =70 

Z. Scherubl et al., accepeted Nature Comm. Phys. (2019). 
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Nanoelektronika - Fizika TanszékWeyl protected degeneracies

C0=-1

C0=-2

=90,  =150  =90,  =70 

G. Frank supervised by A. Palyi

Experiments on Yu-Shiba-Rusinov states

-

Adatom in STM setup S - Quantum Dot system

- Tune level position - Detect YSR at distance

Jellinggaard PRB (2016)Menard Nat. Phys (2015)
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Dr ≥ ξ=80nm

T≈0.1-0.2

Non-local signal

When QD is in resonance:

- 10% current enhancement B=0.

- 100% current enhancement B=150mT

- No signal B=250mT > BC

T ≈ 0.1-0.2

ΔG≈0.01G0 ΔG≈0.1G0

Dr ≥ ξ=80nm
Dr ≈ 200nm

T≈0.1-0.2

Device fabrication
InAs NW (from J. Nygard NBI)
on bottom gate structure, 
Pb SC lead
FIB cutting or Ar milling of InAs NW

T ≈ 0.1-0.2

B
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Yu-Shiba-Rusinov states (U>D)

A. Jellinggaard et al., PRB 94, 064520 (2016)
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Simple ZBW model

Yu-Shiba-Rusinov states (U>D)

A. Jellinggaard et al., PRB 94, 064520 (2016)
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ΨYSR(r)=A(r) exp (-2r/πξ) 1/r(D-1)/2

ξ(B)  ̴ 1/Δ
as B↗ supression of

ΨYSR(Δr) is weaker. 

B field dependence

First non-local signal ↗ then ↘ as B ↗. Qualitative
agreement with NRG data (P. Moca, G. Zarand.) 

Z. Scherübl et al., preparation for Nature Phys. Comm.

Andreev Molecule

Scherübl et.al. Beilstein Journal of Nanotechnology 10 363-378, (2019)
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Local Andreev reflection
� �,↑↓� �,� ≈ −����

��� =: Γ���,�

Crossed Andreev reflection
� ↑,↓� �,� ≈ −��������� =: Γ���

Exponential suppression with the distance

Γ��� = Γ���,�Γ���,�exp −∆�/�

Elastic cotunneling

� ↑,� � �,↑ ≈
Γ���
Δ

�� + ��

��� ≔ Γ���/∆
Usually neglected

Interdot tunneling
� ↑,� � �,↑ = ���

No energy dependence

Partity is conserved

What is their effect? 
How to distinguish them?

Beilstein Journal of Nanotechnology 10 363-378, 2019

Ground state properties

CAR couples |�,0⟩↔ |↑↓,�⟩

gains energy compared to |↑↓,0⟩and |0,�⟩

EC couples |↑↓,0⟩and|�,��⟩

Coupling: ~ �� + �� + � ≈ 0

|�,0⟩
��
|0,�⟩

���
|↑↓,�⟩

IT couples |↑↓,0⟩and |�,��⟩

Γ��� = 0.1� ��� = 0.15 ��� = 0.1�

Γ��� = 0.25�

CAR and EC similar, IT different  Can we distinguish CAR and EC?

|↑↓,�⟩ |�,�′⟩

|�,0⟩|↑↓,0⟩

Beilstein Journal of Nanotechnology 10 363-378, 2019
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Results: QD—SC—QD
Without non-local couplings

With non-local couplings (all three finite)

Hybridized Andreev bound states  Andreev molecular state

Beilstein Journal of Nanotechnology 10 363-378, 2019

Exotic quantum states
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Exotic quantum states

Ionic liquid gating of giant Rashba material, BiTeBr

M. Kocsis in collab. Justin Ye Groningen

Exotic quantum states

Induced spin-orbit interation in graphene

Z. Kovacs-Krausz, prep. for Nature Comm. (2019)
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Exotic quantum states

Contemporary Challenges Workshop 20

10 μm

Exotic quantum states

M. Kedves, P. Makk et al. 

High quality graphene/hBN heterostructures
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Contemporary Challenges Workshop 21

More sophisticated model:
RCSJ

I

eV

2D

-2D

Exotic quantum states

M. Kedves, P. Makk et al. 

Graphene/hBN heterostructures with MoRe SC contact

Contemporary Challenges Workshop 22

Zhu et al., Nat. Comm. 8, 14552 (2017)

Exotic quantum states

Fraunhofer pattern
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Exotic quantum states

Mesoscopic quantum electrodynamics

Coupling Supra to high quality graphene

Development of supra lead compatible with high B

New nanodevices with quantum dots

Instruments

Zürich Instruments UHFLI Zürich Instruments MFLI

Zürich Instruments HDAWG

Zürich Instruments HF2LI

Rohde&Schwarz ZNB Rohde&Schwarz SGS100A

Public procurement finished. Contract is signed on 26/05/2019
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MHz-range reflectometry: setup
• BSc work of Tamás Kalmár (supervised by Péter Makk, Gergő Fülöp)

Mesoscopic quantum electrodynamics

MHz-range reflectometry: results
• Sample: graphene junction

A. H. Castro Neto et al., Rev. Mod. Phys. 81, 109 
(2009)

Mesoscopic quantum electrodynamics
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MHz-range reflectometry: outlook
• Qubit readout Gate-based single-shot spin readout characterisation

A. West et al., Nature Nanotechnology 14, 437–441 (2019)

Mesoscopic quantum electrodynamics

Microwave measurement probe (4 K)
• Building block: superconducting resonator

• Qubit readout (qubit-resonator coupling)

• Quantum bus (qubit-qubit coupling)

J. Majer et al., Nature 449, 443–447

A. Blais, PRA 69, 062320 (2004)

Mesoscopic quantum electrodynamics

In collaboration with I. Lukács MTA EK MFA
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Microwave measurement probe (4 K)

Sample: CPW feedline + side-coupled quarterwave resonators 

FWHM  Quality factor

Substrate:
• Oxideless, undoped Si wafer
Superconducting film:
• NbTiN
• Deposited by sputtering in UHV
• Patterned with RIE

Mesoscopic quantum electrodynamics

In collaboration with I. Lukács MTA EK MFA

Exotic quantum states

Mesoscopic quantum electrodynamics

New fridge, GHz setup , 

Development of coplanar resonators (Al, Nb, NbTiN)

Characterization of resonators

New reflectometry setup

Test SC in high magnetic field

Coupling Supra to high quality graphene

Development of supra lead compatible with high B

New nanodevices with quantum dots
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