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Exotic quantum states
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Experiments on Yu-Shiba-Rusinov states
Adatom in STM setup S - Quantum Dot system

&

- Detect YSR at distance - Tune level position

S
Plunger
100 nm

Menard Nat. Phys (2015) Jellinggaard PRB (2016)
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& — I Non-local signal

When QD is in resonance:

®(—I> ' - 10% current enhancement B=0.

- 100% current enhancement B=150mT

Hﬂ. =
d 9 - No signal B=250mT > B
Ar 2 €=80nm
c) B=0mT d) B=150mT €)B =250 mT 0.193
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A Device fabrication m CWINEER
SC InAs NW (from J. Nygard NBI) W Devices
on bottom gate structure,

Pb SC lead
j FIB cutting or Ar milling of InAs NW
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Yu-Shiba-Rusinov states (U>A)

Hgp = Zang +Unyny

o

Hgse = Z Exvi ko
ko

[HTS = Z ts (d:r,ﬂ‘ska + f.’h,,dn)]z
ko
Z ts [djf (Uk’yka + ka’Yika) + (uwla + UUk’Y-ka) da}
ko

1&

Simple ZBW model

Yu-Shiba-Rusinov states (U>A)

YSR=a|0,0>+ B |1,1>
le=y|1,0>+6|0,1>
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B field dependence Z. Scherubl et al., preparation for Nature Phys. Comm.
c) B=0omT d)B=150mT

W ca(r)=A(r) exp (-2r/m€) 1/rO-1r2

§(B)~ 1/A
as B supression of
W, :(Ar) is weaker.

First non-local signal 2 then N as B /1. Qualitative -1.45 -1.4 _1_45V 1.4
agreement with NRG data (P. Moca, G. Zarand.) Vi (V) Vg (V)
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Andreev Molecule

Scheruibl et.al. Beilstein Journal of Nanotechnology 10 363-378, (2019)




Local Andreev reflection
[H]0,10-(0,0) ® —Ttsr®po =:TLARR

Crossed Andreev reflection

[H]1)-0,0) ® —Ttsitsrpo =:Tcar
Exponential suppression with the distance

Tcar = vTLarilLar € X §—AT/E)

Elastic cotunneling

Tcar
[Hl0-on ~ =3 (6L + €r)
Yec = lcar/A
Usually neglected

. What is their effect?
Interdot tunneling

[H]r0)-01 = tLr
No energy dependence

Partity is conserved

How to distinguish them?

Ground state properties

CAR couples |g,0) & [T, 0)
gains energy compared to |T!,0) and |0, o)

EC couples |Tl,0) and|a, )
Coupling: ~(e, +eg +U) = 0

EC LAR
lg,0) < [0,0) [T, 0)

IT couples |T1,0) and |a, &)
FCAR =0.1U
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Results: QD—SC—QD
Without non-local couplings
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With non-local couplings (all three finite)
0.6 0.6 o
4
0.4 03
0.2 ___D ]
= B2 =2
3 00 .’ e 2
YA YA 01 &
-0.2 <
-04 ' 0
-06

ELFU ELfU
Hybridized Andreev bound states > Andreev molecular state

Exotic quantum states
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Exotic quantum states

lonic liquid gating of giant Rashba material, BiTeBr

J(E)# J(—E) B#0
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Exotic quantum states

Induced spin-orbit interation in graphene
(a) i (b)

B _',J—--_e

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

Exotic quantum states

High quality graphene/hBN heterostructures

electron side:
1= 115000 cm’/Vs

hole side:
1L = 43 500 cmVs

s Graphene

CRRRRRARRRRRR AR, BARRRARRARRRRARD BENEEEERRRRERNNR

M. Kedves, P. Makk et al.
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Exotic quantum states

Graphene/hBN heterostructures with MoRe SC contact
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More sophisticated model:
>RCSJ

Vo (V)

MUEGTETEM 178

Exotic quantum states

Fraunhofer pattern
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Zhu et al., Nat. Comm. 8, 14552 (2017)
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Exotic quantum states

Coupling Supra to high quality graphene M
Development of supra lead compatible with high B ‘%
v

New nanodevices with quantum dots

Public procurement finished. Contract is signed on 26/05/2019

Instruments
. “rbh |
o - _-_____.—-—
ka_ ~
Ziirich Instruments UHFLI Zirich Instruments HF2LI Zurich Instruments MFLI

Ziirich Instruments HDAWG
Rohde&Schwarz ZNB Rohde&Schwarz SGS100A
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Mesoscopic quantum electrodynamics

MHz-range reflectometry: setup

* BSc work of Tamas Kalmar (supervised by Péter Makk, Gergé Fiilop)

Ve _Z-%
Uy~ Z+ 2%

fo ~ 100 MHz

Mesoscopic quantum electrodynamics

MHz-range reflectometry: results

* Sample: graphene junction

=

g 2 = | i
A. H. CastroNetoetal., Rev. Mod. Phys. 81, 109
(2009)
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Mesoscopic quantum electrodynamics

MHz-range reflectometry: outlook

ET Al (2]

. QUblt readout Gate-based single-shot spin readout characterisation

Mesoscopic quantum electrodynamics

Microwave measurement probe (4 K)

* Building block: superconducting resonator
* Qubit readout (qubit-resonator coupling)

ﬁ\
% \
¢
Transmission {arb, units)

@ A. Blais, PRA 69, 062320 (2004)

- — 7mm T M 1. Majer et al., Nature 449, 443-447

In collaboration with I. Lukdcs MTA EK MFA
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Mesoscopic quantum electrodynamics

Microwave measurement probe (4 K)

’ ;,,”1-.' Substrate:
i * Oxideless, undoped Si wafer
: Superconducting film:
* NbTIN
* Deposited by sputtering in UHV
* Patterned with RIE

fo=4...12 GHz

L, ||<FWHM 5 Quality factor

Sample: CPW feedline + side-coupled quarterwave resonators
In collaboration with I. Lukdcs MTA EK MFA

Coupling Supra to high quality graphene

Development of supra lead compatible with high B

New nanodevices with quantum dots

New fridge, GHz setup, @
Development of coplanar resonators (Al, Nb, NbTiN)
=

Characterization of resonators
\/ &/

New reflectometry setup

Test SC in high magnetic field %
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