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TT 99.1 Thu 15:00 Poster B
Interface coupling in magnetoconductance of Bi-films on
Si(111) — eDoaa ABDELBAREY!, PuiLipp KROGER!, CHRISTOPH
TeceNKAMPY2 and HERBERT PFNOUR! — lInst. fiir Festkdrperphysik,
Leibniz Universitit Hannover — 2Institut fiir Physik, TU Chemnitz

Bi ultrathin epitaxial films are governed by strongly spin-polarized
bands that determine to a large extent their magnetotransport prop-
erties. Magneto conductance of films with a thickness of 20 to 60
bilayers on a Si(111) substrate was measured mostly at T=11 K and
in B-fields up to 4 T. The B-field orientation was varied from perpen-
dicular to parallel to the surface. For the in-plane B-field orientation
strong variations ofscattering properties between the interfaces were
observed that depend both on the angle between B- and E-fields as
well as on the film thickness. For the thinnest films, direct interaction
between interfaces leads to strong spin depolarization and to a conduc-
tance almost independent of B. Thicker films exhibit a dominance of
weak antilocalization, if B and E are parallel, but weak localization for
both in plane, but perpendicular to each other. The latter contribution
disappears at 100 K, where only WAL was seen. Since the potential
gradients on both interfaces point in opposite directions normal to the
surface, the spin directions in the same Rashba-split electronic bands
are opposite (and in plane) for a given EH . This means that only within
the same layer backscattering is forbidden, since scattering from +EH T
to 712“ } requires spin Umklapp, but for scattering between the inter-
faces no Umklapp for the same process is necessary. Therefore, it is
allowed.

TT 99.2 Thu 15:00 Poster B

Controlling conductivity by quantum well states: ul-
trathin Bi(111) films. —  Puipp Krocer!, Doaa
ABDELBAREY!, eMaRrvIN DereErT!, HEeERBERT PrNUR!, and

CHrisToPH TEGENKAMPY2 — lInstitut fiir Festkorperphysik, Leibniz

Universitit Hannover — 2Institut fiir Physik, Technische Universitt
Chemnitz

Epitaxial Bi(111) films were subject to many and partly even con-
troversial studies on the semimetal-semiconductor transition (SMSC)
triggered by a robust quantum confinement. The remaining conduc-
tance was ascribed to conducting surface channels. We investigated
ultra-thin crystalline Bi films on Si(111) as a function of film thick-
ness between 20 and 100 bi-layers by means of electric transport mea-
surements. Varying temperature and magnetic field, we disentangled
essentially two transport channels. One remains indeed metallic at
all thicknesses investigated with a slightly increasing conductance as
a function of film thickness, d, whereas the second is activated with a
d~'-dependence of the activation energy, indicating a quasi-harmonic
confining potential. Both channels reflect the properties of the whole
quantized film and a strict separation into surface and bulk states,
valid for electronic screening lengths much smaller than d, seems to
be doubtful in these strongly quantum confined ultra-thin films. The
metallic channel through the coupled edge states seems to be robust.

TT 99.3 Thu 15:00 Poster B
Transport spectroscopy of 3D Dirac materials — eHENRY LEGG
and AcHiM RoscH — Institute for Theoretical Physics, University of
Cologne, Zilpicher Strafie 77, D-50937, Koln, Deutschland

Many materials that realise a 3D Dirac or Weyl dispersion contain
multiple Dirac nodes within their Brillouin zone; examples include
CdoAss, NagBi, and Pb;_xSnxSe. In this work we propose a new
transport mechanism to ‘spectroscopically’ map the bulk electronic
structure of a 3D Dirac or Weyl semi-metal with multiple nodes within
the Brillouin zone.

A positive magnetoresistance occurs when parallel magnetic and
electric fields are orientated in a direction perpendicular to a vector
connecting a pair of these Dirac nodes. In the presence of long ranged
impurities this magnetoresistance becomes strongly dependent on an-
gle. This angular dependence provides information about the position
of Fermi-surfaces within the Brillouin zone, the Fermi-wave vector, and
the extent of impurities within the material. Our results are compared
to experiments on Pbj_ySnySe.

TT 99.4 Thu 15:00 Poster B

Shot noise of contacts to Fe atoms and FeH,, — eMICHAEL

Location: Poster B

MounRr, ALEXANDER WEISMANN, and RICHARD BERNDT — Insti-
tut fiir Experimentelle und Angewandte Physik, Christian-Albrechts-
Universitat zu Kiel, 24098 Kiel

The ballistic transport through contacts to pristine and hydrogenated
Fe atoms on Au(111) surfaces is investigated with a 4 K scanning tun-
neling microscope. We observe a variation of the current shot noise
measured from the two species suggesting an influence of hydrogen on
the spin polarized transport.

This work was supported by SFB 677.

TT 99.5 Thu 15:00 Poster B
Extending the hierarchical quantum master equation ap-
proach to low temperatures and realistic band struc-
tures — eANDRE ERPENBECK!, CHRISTIAN HERTLEIN!, CHRISTIAN
ScuINABECK!, and MicHAEL Tuoss!?2 — ITheoretische Festkor-
perphysik, Friedrich-Alexander-Universitat Erlangen-Niirnberg, Erlan-
gen, Germany — 2Physikalisches Institut, Albert-Ludwigs-Universitat
Freiburg, Freiburg, Germany

The hierarchical quantum master equation (HQME) approach, orig-
inally developed by Tanimura in the context of relaxation dynamics
[1], has recently received renewed interest as an accurate method to
describe quantum transport in interacting nanosystems [2-4]. Because
the HQME approach relies on a decomposition of the bath correlation
function in terms of exponentials, however, numerical complexity re-
stricts its applicability to systems at higher temperatures coupled to
leads with simple band structures. In this contribution, we outline
an extension of the HQME approach, which uses a re-summation over
poles and can be applied to calculate transient currents at a numer-
ical cost that is independent of temperature and band structure of
the leads. We demonstrate the performance of the extended HQME
approach for noninteracting tight-binding model systems of increasing
complexity as well as for the Anderson-Holstein model.

[1] Tanimura, J. Phys. Soc. Jpn. 75, 082001 (2006)

[2] Jin et al., JCP 128, 234703 (2008)

[3] Hértle et al., PRB 88, 235426 (2013)

[4] Schinabeck et al., PRB 94, 201407(R) (2016)

TT 99.6 Thu 15:00 Poster B
Molecular characterization in liquid and cryogenic envi-

ronments — eFiLiP KiLiBARDA!, ALEXANDER STROBEL!, MANI

LokaMANI', TORSTEN SENDLER!, MICHAEL MORTENSEN?, KURT
GoTHELF?, and ARTUR ErRBE! — 'HZDR, 01328 Dresden, Germany

— 2Center for DNA Nanotechnology, 8000 Aarhus C, Denmark

Current industrial scaling processes are reaching limits. We see not
only diminishing returns with further scaling attempts, but also phys-
ical limitations that come more and more into play. In our research
we offer a novel approach, to use single molecules as electronic com-
ponents. This approach offers not only size improvements, but also
a reduction in power consumption and costs. Our research focuses
on classifying different molecules with the help of Mechanically Con-
trolled Break Junction (MCBJ). Here we present two different kinds
of measurements. One is performed in liquid solution and under am-
bient conditions, and the other one in a cryogenic environment, under
vacuum. As a test bed for these measurements we use salen and Cégo
molecules, respectively. In the case of salen molecules, we show, how
chemical doping influences energy levels and affects electron trans-
port through the molecule. The experimental results are supported by
quantum chemical calculations. The Cgg measurements demonstrate
that we can remove the influence of the solvent by in situ molecular
evaporation into the nanoscopic junction. Additionally, operation un-
der vacuum allows us to use more reactive metals for the nano-junction,
and thus vary metal-molecule orbital overlap, where in traditional ap-
proach contacts are made out of noble metals like gold.

TT 99.7 Thu 15:00 Poster B
Bias-dependent single-molecule junctions
oSUSANNE LEITHERER!, JoNaTHAN BranD?, Nick P. RUBNER!,
Nicoras NEgeL?, Jorc KrOceEr2, and Maps BRANDBYGE! —
IDepartment of Micro- and Nanotechnology, Technical University of

Denmark — 2Institut fiir Physik, Technische Universitét Ilmenau

forces in

We study the forces on single-molecule junctions formed by Cgo-
terminated Cu tips and Cgg molecules adsorbed on Cu(111) employing
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first principles electronic structure and transport calculations based on
density functional theory combined with non-equilibrium Greens func-
tions (DFT-NEGF). The Cgp-Cso bond force evaluated at different
distances and voltages shows an asymmetric dependence on the bias
polarity. This asymmetry can be related to bias-dependent electro-
static forces between the charge densities localized at the molecules,
and also indicates the effect of current-induced forces. We discuss vari-
ous ways to rationalize these forces in terms of transmission eigenchan-
nels, charge redistribution, overlap populations and bond-currents.
Our simulations support the results of scanning tunneling microscopy
studies on the junctions using bias-dependent force spectroscopy, which
cannot be explained without accounting for the non-equilibrium forces
in single-molecule junctions.

TT 99.8 Thu 15:00 Poster B
Vibronic dephasing model for coherent-to-incoherent
crossover in DNA — eParrick KarascH, DMmITRY A. RYNDYK,
and THoMAs FRAUENHEIM — Bremen Center for Computational Ma-
terials Science, Universitat Bremen, Germany

In this work we investigate the interplay between coherent and inco-
herent charge transport in cytosine-guanine (GC) rich DNA molecules.
Our objective is to introduce physically grounded approach to de-
phasing in large molecules and to understand the length dependent
charge transport characteristics and especially the crossover from co-
herent tunneling to incoherent hopping regime at different tempera-
tures. Therefore, we apply a vibronic dephasing model and compare
the results to the Biittiker probe model which is commonly used to
describe decoherence effects in charge transport. Using the full lad-
der model and simplified 1D model of DNA, we consider molecular
junctions with alternating and stacked GC sequences and compare our
results to recent experimental measurements.

TT 99.9 Thu 15:00 Poster B
Electrical Characterization of Polyalanine Molecules —
eDiaNA  Srtawig!, Marte Boénsu!, HerBerr PrNOR!', and
CuristorH TEGENKAMPD2 — lLeibniz Universitdt Hannover, Ger-

many — 2TU Chemnitz, Germany

A new promising and effective approach for spintronics has emerged
using spin selectivity in electron transport through chiral molecules,
named Chiral Induced Spin Selectivity (CISS) [1]. Recently, by uti-
lizing this effect a proof of concept for a new type of chiral-based
Si-compatible universal magnetic memory device was demonstrated
[2]. Therefore the electrical transport through helical peptides is of
high interest. Our study focuses on polyalanine molecules for their
high conductivity over a long range [3] and their large intrinsic dipole
[4]. The molecules were contacted using mechanically controlled break
junctions made of gold, operating in high vacuums.

Systematic conduction measurements revealed different states, which
in turn are split up. This indicates different configurations either of
the thiole-gold bond or configuration of the molecules itself.

Current Voltage measurements show a large asymmetry in the curves,
which can be traced back to the dipole of the molecule [5,6].

[1] R. Naaman et.al., J. Phys. Chem. Lett. 3 (2012)

[2] O. Ben Dor et al., Nat. Commun. 4:2256 (2013)

[3] Y. Arikuma et.al., Angew. Chem., Int. Ed.,49 (2010)

[4] D. Cristancho et al., J.Chem.Phys. 132, 065102 (2010).

[5] S. Sek et al., J. Phys. Chem. B, 109 (2005).

[6] H. Uji, Phys. Chem. Chem. Phys. 757, 15 (2013).

TT 99.10 Thu 15:00 Poster B
Charge transport in bottom-up synthesized graphene
nanoribbon networks — eZnou Znou!2, NiLs RicuTeEr!2,
ALExanDER TRriesh 23, KamaL Asapi®, ZoNGPING CHEN®, AKIM-
11sU NarITa?, KLaus MOLLEN%, and MarHiAs KLAurh2 — Institut
fiir Physik, Johannes Gutenberg Universitdt, Mainz, Germany —
2Graduate School of Excellence Materials Science in Mainz, Mainz,
Germany — 3Max Planck Institute for Polymer Research, Mainz,
Germany — 4Institut fiir Physikalische Chemie, Johannes Gutenberg-
Universitat, Mainz, Germany

Graphene nanoribbons (GNRs) attract attention due to physical phe-
nomena resulting from their geometrical confinement which also de-
pend crucially on their width and edge morphology [1]. Using GNR
field-effect transistors, we perform a systematic study on the electronic
properties of chemically synthesized and atomically perfect armchair
GNRs with a width of 5 and 9 carbon atoms (aGNR5 and aGNR9)|(2,3].
Our measurements reveal nuclear tunneling-assisted charge carrier
hopping [4] as the dominant charge transport mechanism allowing us

to apply a universal scaling law valid for charge transport in networks
of both GNR structures over a large range of driving voltages and tem-
peratures from room temperature down to 4 K [5].

[1] Son et al., Phys.Rev.Lett.97, 216803 (2006).

[2] Z. Chen et al., J.Am.Chem.Soc., 139, 9483-9486 (2017).

[3] Z. Chen et al., J.Am.Chem.Soc., 139, 3635-3638 (2017).

[4] K. Asadi et al., Nat.Commun. 4:1710 (2013).

[5] N. Richter et al., (manuscript in preparation 2018)

TT 99.11 Thu 15:00 Poster B
Coupling suspended carbon nanotubes to superconducting
resonators — eSTEFAN BLIEN, ALEXANDER ALBANG, PATRICK STE-
GER, SIMON REINHARDT, THOMAS HUBER, and ANDREAS K. HUTTEL
— Institute for Experimental and Applied Physics, University of Re-
gensburg, 93040 Regensburg, Germany

The dispersive coupling of nano-electromechanical systems (NEMS)
to superconducting coplanar waveguide (CPW) resonators in the re-
solved sideband regime allows controlled energy transfer between the
two systems and in particular the cooling of the vibration mode. Sus-
pended carbon nanotubes as NEMS embody both single-electron tun-
neling devices as well as high quality mechanical resonators. They are
already close to the mechanical quantum limit at cryogenic tempera-
tures and single electron effects dominate the mechanical behaviour,
making them an interesting testbed for novel optomechanical effects.

We show first results on clean carbon nanotubes that are pre-grown
and successfully transferred to a niobium CPW resonator device. We
have confirmed the high quality of the transferred nanotubes and the
feasibility of transparent contacts by low-temperature transport mea-
surements.

TT 99.12 Thu 15:00 Poster B
Clean NbSes-to-carbon nanotube contacts by all-dry trans-
fer technique — eCHRISTIAN BAUuML, MARIA-TERESA HANDSCHUH,
AnH-TUuAN NcUYEN, NicorLA Parapiso, and CHRISTOPH STRUNK —
University of Regensburg, Regensburg, Germany

The first demonstrations of devices sensitive to the presence of Majo-
rana fermions (MFs) consisted of 1-dimensional semiconductors prox-
imitized by a superconductor (SC) in the presence of spin-orbit interac-
tion and of perpendicular magnetic field. Recent proposals suggested
that MFs exist in carbon nanotubes (CNTs) contacted with a thin
SC which retains its superconducting gap in presence of large in-plane
field [1]. We demonstrate an all-dry technique for contacting CNTs
with few-layer-thick flakes of NbSea, as SC layered material of the
family of the transition metal dichalcogenides (TMDCs). The choice
of NbSes is motivated by its large critical in-plane magnetic field. We
show that the NbSes-to-CNT contact resistance is comparable to that
observed for other methods. Moreover, we demonstrate that, owing to
the spin-valley locking in NbSesz, few-layer devices stay superconduct-
ing up to fields of 10 Tesla, with only minor change in T,.. Our results
demonstrate the first building blocks for the practical implementation
of CNT-based devices for MF physics.

[1] R. Egger et al. Phys. Rev. B 85, 235462 (2012);

M. Marganska et al. arXiv: 1711.03616

TT 99.13 Thu 15:00 Poster B
Shaping a single electron in a nanotube with an axial mag-

netic field — MacpaLENA MAaRGANskAl, DaNIEL R. ScHMIDZ,

PeTER L. STILLER?, ALOIS DIRNAICHNER?, CHRISTOPH STRUNKZ,
MILENA GRIFONI!, and @ ANDREAS K. HUTTEL? — Institute for The-
oretical Physics, University of Regensburg, 93053 Regensburg, Ger-
many — 2Institute for Experimental and Applied Physics, University

of Regensburg, 93053 Regensburg, Germany

Transport measurements on single wall carbon nanotubes allow fas-
cinating insights into the interplay of molecular structure and elec-
tronic wave functions. Here, we analyze the magnetic field behaviour
of quantum states in the limit of a single electron strongly confined to
a quantum dot. An axial magnetic field (in the experiment up to 17T)
exposes a very distinct behaviour of the two valleys. K’ valley states
experience an increase of the tunnel coupling at low field, followed by
subsequent decoupling. In contrast, K valley states decouple from the
leads monotonically.

This phenomenon stems from the unique combination of cylindrical
topology and honeycomb atomic lattice. Longitudinal and transver-
sal momentum are coupled, allowing manipulation of the longitudinal
electronic wave function via the Aharonov-Bohm phase. At zero field,
the nanotube acts similar to a A/4 resonator, where a wave function
amplitude is finite near one of the contacts. A large magnetic field re-
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stores quantum box behaviour comparable to a A/2 resonator, where
the amplitude vanishes on both sides. This is directly reflected in the
tunnel rates.

TT 99.14 Thu 15:00 Poster B
Light-Driven Dynamics in Finite Graphene Nanostructures
— oJaN-PHILIP JoosT, NicLAs ScHLUNZEN, and MIicHAEL BoNiTz
— CAU Kiel, Germany

The understanding of carrier multiplication effects in nanoscale
graphene structures is essential for various applications including solar
energy harvesting [1]. In this work, we observe impact excitation effects
within a few femtoseconds after an optical laser pulse excitation. The
finite graphene clusters, such as nanoribbons, are described using an
extended Hubbard model that takes into account the overlap of adja-
cent orbitals and hopping between up to third nearest neighbors. The
system dynamics is provided by a nonequilibrium Green functions [2]
(NEGF) approach, that has been thoroughly tested against DMRG [3],
combined with the second Born (SOA) and GW selfenergy to account
for electron correlations. Our description allows to predict the corre-
lated nonequilibrium dynamics of excited graphene nanostructures of
arbitrary geometry containing up to 100 carbon atoms for up to 25 fs.
[1] N. M. Gabor, Acc. Chem. Res. 46(6) 1348 (2013)

[2] K. Balzer and M. Bonitz, Lect. Notes Phys. 867 (2013)

[3] N. Schliinzen, J.-P. Joost, F. Heidrich-Meisner, and M. Bonitz,
Phys. Rev B 95, 165139 (2017)

TT 99.15 Thu 15:00 Poster B
Proximity induced superconductivity in edge connected bal-
listic normal metal-graphene-superconductor junctions —
oPrEETI PaNDEY!, RomaiNn Danneaul, Rarpu Krupke!:?, and
DeTLEF BEckMANN! — lInstitute of Nanotechnology, Karlsruhe In-
stitute of Technology, Karlsruhe, Germany — 2Department of Mate-
rials and Earth Sciences, Technical University Darmstadt, Darmstadt,
Germany

Here, we present an experimental study of proximity induced super-
conductivity in edge connected normal metal-graphene-superconductor
(N-G-S) junctions. The monolayer graphene sheet was sandwiched be-
tween two hexagonal boron nitride (h-BN) crystals creating a van der
Waals heterostructure. Conductance spectra for these junctions in the
superconducting state were measured as a function of magnetic field
and charge carrier density. Our experimental results have been ana-
lyzed and can be explained with a generalized BTK model. In addition,
Fabry-Pérot interferences were observed in the normal state for hole
as well as electron doping of the graphene sheet. It can be explained
by the formation of different interfaces in the vicinity of the contacts
designed with two different materials.

TT 99.16 Thu 15:00 Poster B
Currents in graphene and possible Cooper pair forma-
tion — eKraus MoORAWETZ — Miinster University of Applied Sci-
ences,Stegerwaldstrasse 39, 48565 Steinfurt, Germany — International
Institute of Physics- UFRN,Campus Universitario Lagoa nova,59078-
970 Natal, Brazil — Max-Planck-Institute for the Physics of Complex
Systems, 01187 Dresden, Germany

Based on the quantum kinetic equations for systems with SU(2) struc-
ture, regularization-free density and pseudospin currents are calcu-
lated in graphene realized as the infinite mass-limit of electrons with
quadratic dispersion and a proper spin-orbit coupling. The currents
possess no quasiparticle part but only anomalous parts. The intra-
band and interband conductivities are discussed with respect to mag-
netic fields and magnetic domain puddles. For large Zeeman fields the
dynamical conductivities become independent of the density and are
universal. The optical conductivity agrees well with the experimental
values using screened impurity scattering and an effective Zeeman field.
The universal value of Hall conductivity is shown to be modified due
to the Zeeman field. The pseudospin current reveals an anomaly since
a quasiparticle part appears though it vanishes for particle currents.
The density and pseudospin response functions to an external electric
field are calculated. A frequency and wave-vector range is identified
where the dielectric function changes sign and the repulsive Coulomb
potential becomes effectively attractive allowing Cooper pairing.

[1] Phys. Rev. B 94 (2016) 165415, Phys. Rev. B 92 (2015) 245425
[2] errata: Phys. Rev. B93 (2016) 239904(E), Phys. Rev. B 92 (2015)
245426

TT 99.17 Thu 15:00 Poster B

Dependence of structure factor and correlation energy on

the width of electron wires — VINOD AsHOKAN?, RENU BaLa®,
oKraus MoraweTz!2:3, and KARE NARAIN Paruak? — Miinster
University of Applied Sciences,Stegerwaldstrasse 39, 48565 Stein-
furt, Germany — 2International Institute of Physics- UFRN,Campus
Universitario Lagoa nova,59078-970 Natal, Brazil — 2Max-Planck-
Institute for the Physics of Complex Systems, 01187 Dresden, Germany
— “4Centre for Advanced Study in Physics, Panjab University, 160014
Chandigarh, India — 5Department of Physics, MCM DAV College for
Women, 160036 Chandigarh, India

The structure factor and correlation energy of a quantum wire of thick-
ness b < ap are studied in random phase approximation (RPA) and
for the less investigated region rs < 1. Using the single-loop approx-
imation, analytical expressions of the structure factor are obtained.
The exact expressions for the exchange energy are also derived for a
cylindrical and harmonic wire. The correlation energy in RPA is found
to be represented by ec(b,7s) = % + B(rs) In(b) + n(rs), for small
b and high densities. For a pragmatic width of the wire, the correla-
tion energy is in agreement with the quantum Monte Carlo simulation
data.

[1] arXiv: 1708.06835

TT 99.18 Thu 15:00 Poster B
Universal short-time response and formation of collective
mode — eKraus MorawETz — Miinster University of Applied Sci-
ences, Stegerwaldstrasse 39, 48565 Steinfurt, Germany — International
Institute of Physics- UFRN,Campus Universitario Lagoa nova,59078-
970 Natal, Brazil — Max-Planck- Institute for the Physics of Complex
Systems, 01187 Dresden, Germany

The short-time response of two distinct systems, the pump and probe
experiments with a semiconductor and the sudden quench of cold
atoms in an optical lattice, are found to be described by the same uni-
versal function. This analytic formula at short time scales is derived
from the quantum kinetic-theory approach observing that correlations
need time to form. The influence of the finite-trapping potential is de-
rived and discussed along with Singwi-Sjglander local-field corrections
including the proof of sum rules. The quantum kinetic equation allows
to understand how two-particle correlations are formed and how the
screening and collective modes are build up.

[1] Phys. Rev. B 90 (2014) 075303

[2] Phys. Rev. E 66 (2002) 022103

[3] Phys. Rev. E 63 (2001) 20102

[4] Phys. Lett. A 246 (1998) 311

TT 99.19 Thu 15:00 Poster B
Ultrafast collective response and possible photo-induced
phase transition in the antiferromagnetic insulator CasRuOy4
— ePaRMIDA SHABESTARIVZ, Hao CHUM2, Minjae Kiv!2, Eminy
Huance!2, MaximiLiaN KrRauTLOHER!, CHRISTOPHER DIETL!, JOEL
BerTINsHAW!, KATRIN FURsicH!, BERNHARD KEIMER!, and STE-
raN KaiserD2 — Max Planck Institute for Solid State Research,
Stuttgart, Germany — 2University of Stuttgart, Germany

Among the diverse family of Ruthenates, the Antiferromagnetic Insu-
lator Calcium Ruthenate, CaoRuQOy4, has shown remarkable complex-
ity in spin, orbital and phonons correlations. Raman Scattering [1]
and Inelastic Neutron Scattering [2] experiments suggest strong spin-
orbit coupling which manifests in the form of a complex Raman active
Phonon, Magnon and collective Higgs mode responses. Utilizing ul-
trashort light pulses we are able to directly probe the interplay of
these dynamics in time domain, disentangling the dynamics both in
the ground state and possible light-induced metallic state, as a func-
tion of temperature and laser fluence.

[1] S. Souliou et al., Phys. Rev. Lett. 119, 067201 (2017)

[2] A. Jain et al., Nat. Phys. 13, 633 (2017).

TT 99.20 Thu 15:00 Poster B
Quantum correlation between two oscillators generated by
non-local electron transport — eFELiciTAS HELLBACH, WOLF-
aaNG BEerzig, FaBiaN Paury, and GiaNnLuca RasTELLI — Fachbere-
ich Physik, Universitat Konstanz, D-78457 Konstanz, Germany

Since the realization of high quality superconducting microwave cavi-
ties one can envisage the possibility to investigate the coherent interac-
tion of light and matter. We study two parallel quantum dots arranged
in the geometry of an Aharonov-Bohm interferometer (ABI) with each
dot linearly coupled to a local harmonic oscillator. We explore how
quantum correlation and entanglement between the two oscillators is
generated by the coherent transport of a single electron traveling in
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two different paths of the ABI. We calculate the covariance by use of
a diagrammatic perturbative expansion (Keldysh Green’s functions)
to the fourth order in the dot-oscillator coupling constant, taking into
account vertex corrections.

TT 99.21 Thu 15:00 Poster B
Readout sensitivity of mechanical motion in inductively cou-
pled nano-electromechanical devices
— oP. ScamipT!h2:3, C. Urscuick!2, D. SCHWIENBACHER
RosenzweiG!2, N. SeGercranTz!?, F. Deppe!23 A. Marxb?2,
R. Grossb23, and H. HuesL!:23 — lWalther-Meifner-Institut,
BAdW, Germany — 2Physik-Department, TUM, Germany —
3Nanosystems Initiative Munich, Germany

1,2,3
, L.

In recent years nano-electromechanics have demonstrated mechanical
ground state cooling and the preparation of nonclassical states em-
ploying the linearized opto-mechanical interaction. However, the op-
tomechanical coupling constant go denoting the single photon - single
phonon coupling rate has remained small compared to the cavity decay
rate.

Here, we present an inductively coupled electromechanical system in
contrast to the typically capactitively coupled mechanical elements. To
this end, we place a dc-SQUID with a mechanical string resonator at
the current anti-node of a superconducting microwave resonator. The
electromechanical coupling is realized via the change of the SQUID
loop area caused by the displacement of the string. Hereby, the cou-
pling is increased as it is levered by the non-linear Josephson junctions
of the de-SQUID, approaching the resonator decay rate.

We focus on challenges related to the non-linearity of the microwave
resonator. In particular, we compare the displacement noise of the
thermal motion of the string resonator with the imprecision and the
backaction noise imposed by the measurement.

TT 99.22 Thu 15:00 Poster B
Superconducting resonators for the study of Two-Level Sys-

tems — eHARTMUT ScHMIDT!, ALEXANDER BiLmes!, JaAN BreEnMm!,

SHLOMI MATITYAHU?, MOSHE SCHECHTER?, ALEXANDER SHNIRMAN',
Grorc WEiss!, ALexey V. Ustinov!l3, and JURGEN LISENFELD!
— Karlsruhe Institute of Technology, Karlsruhe, Germany — 2Ben-
Gurion University, Beer Sheva, Israel — 3Russian Quantum Center,

Moscow, Russia

Structural material defects, so called Two-Level Systems (TLS), re-
ceived much recent interest due to their detrimental effect on various
micro-structured quantum devices such as qubits, photon detectors
and point contacts. In this work, we present superconducting lumped
element resonators that enable one to resolve single TLS in deposited
dielectric materials. We apply an electric field which, in addition to
strain tuning by elastic chip deformation, permits us to manipulate
the TLS’ resonance frequency. This specific design allows us to study
the TLS behavior under strain and external electric fields as well as to
obtain the coupling-strength statistics of TLSs and their density. Es-
pecially, we study the resonator loss in presence of a TLS bath that is
brought out of equilibrium via an electric-field sweep. We observe in-
creased loss at intermediate sweep rates, which we explain by a theory
based on Landau-Zener transitions.

TT 99.23 Thu 15:00 Poster B

Hybrid quantum circuits made of superconducting resonators

and ferromagnetic magnons — eTomisLav Piskor!, Marco
PFIRRMANNY, ANDRE ScHNEIDER!, Icor GoLrovcHANskIYZ3, and
MagrTIN WEIDEs!"# — 1Physikalisches Institut, Karlsruhe Institute

of Technology, Karlsruhe, Germany — 2Moscow Institute of Physics
and Technology, State University, 9 Institutskiy per., Dolgoprudny,
Moscow Region, 141700, Russia — S3National University of Science
and Technology MISIS, 4 Leninsky prosp., Moscow, 119049, Russia
— 4Physikalisches Institut, Johannes Gutenberg University Mainz,
Mainz, Germany

The field of Quantum Magnonics has evolved rapidly in the past few
years. For example, for the growing field of quantum information,
processing the coupling between natural spins and superconducting
circuits is very promising for future implementations.

The aim of this work is to investigate the interaction between mi-
crowave photons in the GHz regime and magnetic spins. The coupling
between superconducting resonators and ferromagnetic magnons will
be investigated in order to study the hybrid system. Beside the Kittel
mode showing the largest coupling strength, it is possible to observe
weaker couplings, generated by magnetostatic spin waves. For peri-
odic resonator structures, which is also the quantization condition, the

spins can build up to propagating or standing spin waves. The cou-
pling between the two systems is achieved by placing the ferromagnetic
sample on top of the superconducting resonator structure.
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Nonlocal thermoelectric effects in superconductor-
ferromagnet hybrid structures — eJonas HeiDRICH and DETLEF
BeEckMANN — Institute of Nanotechnology, Karlsruhe Institute of

Technology, Karlsruhe, Germany

‘We report on our progress in experiments on nonlocal thermoelectric
effects in superconductor-ferromagnet hybrid structures. In these sam-
ples thermoelectric effects are generated by the spin-dependent lifting
of particle-hole symmetry. These latest efforts continue recent experi-
ments [1].

[1] S. Kolenda et al., Phys. Rev. Lett. 116, 097001 (2016).
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Electronic transport through quantum-dot spin valves - ISPI
results — eSimoN MUNDINAR, STEPHAN WEISS, and JURGEN KoONIG
— Theoretische Physik, Universitdt Duisburg-Essen and CENIDE,
Lotharstr. 1, 47048 Duisburg

We study an interacting quantum dot coupled to ferromagnetic leads
that introduce spin-dependent tunneling. We use a path integral ap-
proach to derive the tunneling current as functional derivative of the
Keldysh partition function. The lead degrees of freedom are integrated
out exactly and the on-dot interaction is decoupled via a Hubbard-
Stratonovich transformation. The resulting Keldysh path sum is cal-
culated using the technique of iterative summation of path integrals
(ISPI) [1]. ISPI is based on the truncation of lead-induced correlations
after a characteristic memory time. This method enables us to cal-
culate the tunneling current through the system for different system
parameters, such as gate/bias voltage, polarization, angle between the
two leads’ magnetizations and Coulomb interaction strength.

[1] S. Weiss, R. Hiitzen, D. Decker, J. Eckel, R. Egger, and M. Thor-
wart, Phys. Status Solidi B 250, 2298 (2013)
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Full counting statistics of electron transport through a
negative-U Anderson impurity — eErRic KLEINHERBERS, PHILIPP
STEGMANN, and JORGEN KONIG — Theoretische Physik, Universitét
Duisburg-Essen and CENIDE, Lotharstr. 1, 47048 Duisburg

The process of electron tunneling through nanoscale systems (e.g. a
metallic island or a quantum dot) is a stochastic process. Recent
progress in nanotechnology has made it possible to monitor the transfer
of individual electrons using sensitive electrometers (e.g. a quantum
point contact). The resulting detector signal provides the full counting
statistics (FCS) of the electron transport. A convenient tool to extract
desired information out of the statistics are (generalized) factorial cu-
mulants [1]. The sign of the cumulants reveals whether the transport
of the electrons is statistically correlated or not.

Specifically, we focus on a single-level quantum dot with an attrac-
tive electron-electron interaction (negative -U Anderson impurity) sub-
jected to a Zeeman field. Such a system has been observed in a recent
experiment [2]. With FCS one can clearly differentiate between a re-
pulsive and an attractive electron-electron interaction by analyzing the
short-time limit [3] of the electron transport. Those differences are in-
accessible by only measuring the net current or the current noise.

[1] P. Stegmann, B. Sothmann, A. Hucht, J. Kénig, Phys. Rev. B 92,
155413 (2015)

[2] Cheng et al., Nature, 521, 196 (2015)

[3] P. Stegmann and J. Konig, Phys. Rev. B 94, 125433 (2016)
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erties — CHRISTIAN WAGNER!2, eNikLas FRriepricab2:3, PawEkL
CumieLNiak®?2 Jerr Rawson®52 Taner Esat!?, MICHAEL
MarworM®, RusLan TEMIROV!2, and F. STEFAN TauTz!:2 — 1Peter
Griinberg Institut (PGI-3), Forschungszentrum Jiilich, Germany —
2Jiilich Aachen Reserach Alliance (JARA) - Fundamentals of Fu-
ture Information Technology, Jiilich, Germany — 2CIC nanoGune,
Donostia-San Sebastian, Spain — “Institute of Inorganic Chemestry,
RWTH Aachen University, Germany — S5Peter Griinberg Institut
(PGI-6), Forschungszentrum Jiilich, Germany — SInstitut for Automa-
tion Engineering (IFAT), Otto-von-Guericke University Magdeburg,
Germany

Mapping electrostatic surface properties with high spacial resolution,



Berlin 2018 — TT

Thursday

as well as high precision in the energy resolution is a desired goal in to-
day’s surface and interface physics. However, for many scanning probe
techniques it remains unclear to which extend the probing mechanism
itself influences the measurement. Here we demonstrate that scan-
ning quantum dot microscopy (SQDM) [1,2] is a technique suited to
overcome this problem. Using this technique we investigate a single
PTCDA molecule on Ag(111). Independent of the tip-sample distance
we measure its surface dipole moment to |p| = -624 + 38 mD. Fur-
thermore, we show that the imaging process does not depend on the
LUMO energy of the molecule used as the quantum dot during SQDM
imaging.

[1] C. Wagner et al. Phys. Rev. Lett. 115, 026101 (2015)

[2] M. Green et al. Japan. J. Appl. Phys. 55, 08NA04-7 (2016)
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Finite-Frequency Noise of a Time-Dependently Driven and
Interacting Quantum Dot — eNikras DrrrMann2:3 and Ja-
NINE SPLETTSTOESSER® — lInstitute for Theory of Statistical Physics,
RWTH Aachen University, Germany — 2Peter-Griinberg Institut and
Institute for Advanced Simulation, Forschungszentrum Jiilich, Ger-
many — SDepartment of Microtechnology and Nanoscience (MC2),
Chalmers University of Technology, Gothenburg, Sweden

We derive the current-noise spectrum stemming from a quantum dot
weakly tunnel-coupled to a nearby electronic reservoir and driven by
a time-dependent gate voltage. This experimentally relevant setup is
frequently applied as an on-demand emitter of single electrons into
a mesoscopic conductor. The presence of Coulomb interaction poses
an additional challenge for a theoretical description. In this work, we
extend a real-time diagrammatic technique to obtain the symmetric
finite-frequency current noise. The derived noise spectrum reveals a
rich interplay between different energy scales of this system, defined
by the interaction strength, the tunnel-coupling strength, the temper-
ature and the driving frequency. We discuss how the noise frequency
probes features related to these energy scales.
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Influence of the spin-polarized charge transport on the
waiting time distribution in ferromagnet-quantum dot-
superconductor systems — e KAcCPER BociaN and IRENEUSZ WEY-
MANN — Faculty of Physics, Adam Mickiewicz University, Umultowska
85, 61-614 Poznan, Poland

Based on the Markovian quantum master equation for the reduced
density matrix we investigate the waiting time distribution of a single-
level quantum dot (QD) system tunnel-coupled to the ferromagnetic
(F) and/or superconducting (S) leads. Waiting times describe the
delay times between the consecutive tunnelling events and carry the
information about their dynamics. We compare the distributions of
waiting times in different setups: F-QD-F, F-QD-S, and in the Cooper
pair splitter geometry with two F and one S leads. By changing the
spin-polarization of the ferromagnetic leads, the transition probabili-
ties, and hence the waiting times, become modified. In the limiting
case of the half-metallic leads all transitions can be blocked. We dis-
cuss the influence of presence of the superconductor on the waiting
times and indicate the features of Cooper pair tunnelling. Further-
more, we analyze the impact of asymmetry of the couplings between
the quantum dot and the external leads.

This work is supported by the National Science Centre in Poland as
the Project No. DEC-2013/10/E/ST3,/00213.
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Non-spin-conserving effects in electronic transport through
quantum dots — eLucia GonzaLez'2, Jorp! Pico!, and GrLo-
rRIA PraTEro! — lInstituto de Ciencia de Materiales, CSIC, Canto-
blanco, E-2 8049 Madrid, Spain — 2Current affiliation: JARA Insti-
tute for Quantum Information (PGI-11), Forschungszentrum Jiilich,
52425 Jiilich, Germany

Pauli exclusion principle can lead to a spin dependant current blockade
in a system of several quantum dots. This blockade is of great use for
quantum manipulation and computation as it allows for spin-charge
conversion, but non-spin-conserving processes can lift it by allowing
the electrons to change its quantum numbers. Following previous re-
search [1,2] on the effect in double quantum dots (DQD) of two of these
processes, the hyperfine interaction and spin orbit coupling, we study
theoretically their impact in transport in larger quantum dot systems.
[1] J. Danon, Yu. V. Nazarov. Phys. Rev. Lett. B 80 (2009) 041301R.
[2] N. Jouravlev, Yu. V. Nazarov, Phys. Rev. Lett. 96 (2006) 176804.
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Correlation-induced refrigeration with superconducting
single-electron transistors — eRAFAEL SANCHEzZ — Universidad
Autonoma de Madrid

The model of a superconducting tunnel junction is presented which
refrigerates a nearby metallic island without any particle exchange.
Heat extraction is mediated by charge fluctuations in the coupling ca-
pacitance of the two systems. The interplay of Coulomb interaction
and the superconducting gap reduces the power consumption of the re-
frigerator. The island is predicted to be cooled down to temperatures
close to 50 mK, for realistic parameters [1]. The results emphasize
the role of non-equilibrium correlations in bipartite mesoscopic con-
ductors. This mechanism can be applied to create local temperature
gradients in tunnel junction arrays.

[1] R. Sanchez, Appl. Phys. Lett. 111, 223103 (2017).
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Probing the interaction of single electron pumps using RF-
SETs — eDavip RerrerT!, NieLs UsBELoHDE!, RaLr Doraral,
VYACHESLAVS KASHCHEYEVS2, THoMAs WEIMANN!, and ALEXAN-
DER ZORIN' — 1Physikalisch-Technische Bundesanstalt (PTB), Bun-
desallee 100, 38116 Braunschweig. Germany — 2Faculty of Physics
and Mathematics, University of Latvia, 25 Zellu street, LV-1002 Riga,
Latvia

We utilize rf-driven semiconductor based quantum dots as single elec-
tron pumps (SEP). These SEPs transport a controlled number of n
electrons per pump cycle and therefore create a precise quantized cur-
rent I =n-e- f, where f is the pumping frequency. Since this current
can achieve a high accuracy of 0.2 ppm, these SEPs can be utilized as
a new primary standard for the unit ampere. To validate and improve
the precision, we implemented an error counting scheme by operating
several pumps in series and measuring the charge of the nodes in be-
tween them, with ultra-sensitive electrometers. For this purpose, we
use semiconductor quantum dots, operating as single electron tran-
sistors (SET). To increase the measurement bandwidth, we applied
rf-reflectometry, which allows us to read out the detector by analyzing
the detuning of a LC-resonator due to the impedance change of the de-
tector. This measurement setup enables us to investigate the transfer
probabilities of the pumps operated solo or in series, and lets us test for
correlations and coupling between two pumps operated in series. This
allows us to examine the mechanism of the coupling between several
pumps which is necessary to further improve the precision.
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Open system dynamics with energy-dependent tunnel cou-
plings — eJENS SCHULENBORG!, MAARTEN WEGEWIIS2, and Ja-
NINE SPLETTSTOESSER! — !Department of Microtechnology and
Nanoscience (MC2), Chalmers University of Technology, Géteborg,
Sweden — 2Peter Griinberg Institut, Forschungszentrum Jiilich, 52425
Jilich, Germany & JARA-FIT

A good theoretical understanding of the dynamics of tunnel-coupled
electronic open nanosystems is crucial for the current strive towards
controlled few-particle emission in the context of, e.g., metrology or
quantum optics with electrons. However, while often experimentally
relevant|1], most analytical studies on decay dynamics with strong lo-
cal Coulomb interaction have so far neglected the energy structure of
the tunnel barriers themselves, focussing only on the wideband limit.
Recently, we have shown the so-called fermion-parity duality|2] to
be particularly insightful for such time-dependent problems. This work
extends our approach to a general class of fermionic open systems with
energy-dependent bare couplings in the Markovian, sequential tunnel-
ing limit. For the simplest relevant example of a spin-degenerate in-
teracting single-level quantum dot, we show the duality to be similarly
powerful as in the wideband limit. Even in an environment far away
from equilibrium, it enables us to analyze the entire dot decay dynam-
ics, including time-dependent particle- and energy current, in terms of
simple-to-understand stationary equilibrium observables.
[1] J. D. Fletcher et al., Phys. Rev. Lett. 111, 216807 (2013)
[2] J. Schulenborg et al., Phys. Rev. B 93, 081411 (2016)
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Investigation and application of propagating two-mode
squeezed microwaves — eMinxiNG Xul2, K. G. FEporov!:2, S.
PocorzaLek!2, B. Guarrari?2, P. Eperb2:3, M. Fiscuer!23, E.
Xieh2:3 A, Marx!, F. Deppeb2:3, and R. Gross!»?3 — 'Walther-
Meifiner-Institut, Bayerische Akademie der Wissenschaften, 85748
Garching, Germany — 2Physik-Department, TU Miinchen, 85748
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Garching, Germany — 3Nanosystems Initiative Munich (NIM), 80799
Miinchen, Germany

Josephson parametric amplifiers (JPAs) can be employed for the gener-
ation of itinerant quantum signals in the form of propagating two-mode
squeezed (TMS) states, which are essential for quantum communica-
tion and sensing protocols with superconducting quantum circuits. In
our work, we employ two flux-driven JPAs at the inputs of an entan-
gling hybrid ring in order to generate two-mode squeezing between the
hybrid ring outputs and investigate the resulting TMS states. In par-
ticular, we study the robustness of quantum entanglement and other
nonclassical correlations, such as quantum discord, in the TMS states
to external noise. Finally, we experimentally implement a remote state
preparation protocol with an analog feed-forward using propagating
squeezed states and determine detrimental effects of losses and noise
on the protocol based on a theoretical model.

The authors acknowledge support from DFG through FE 1564/1-1.
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Chains of nonlinear and tunable superconducting resonators
— oM. FiscHer!23, P. EpEr!'2:3, S. PocorzaLEk 2, E. Xigl:2:3,
K. Feporovl:2, F. Deppe!2:3, A, Marx!, and R. Gross!:23 —
IWalther-MeiRner-Institut, Bayerische Akademie der Wissenschaften,
85748 Garching, Germany — 2Physik-Department, TU Miinchen,
85748 Garching, Germany — 3Nanosystems Initiative Munich (NIM),
80799 Miinchen, Germany

We present theoretical predictions and characterization measurements
of a quantum simulation system of the Bose-Hubbard-Hamiltonian in
the driven dissipative regime in the realm of circuit QED. The sys-
tem consists of series-connected, capacitively coupled, nonlinear and
tunable superconducting resonators. The nonlinearity is achieved by
galvanically coupled SQUIDs, placed in the current anti-node of each
resonator and can be tuned by external coils and on-chip antennas.
The authors acknowledge support from the German Research Founda-
tion through FE 1564/1-1, the doctorate program ExQM of the Elite
Network of Bavaria, the IMPRS ‘Quantum Science and Technology’.
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Fabrication and Characterization of SQUID-Array Paramet-
ric Amplifiers — eDaNIEL ArRwEILER}'2, KIRILL G. FEDOROV!Z,
STEFAN PoGoRrzALEK!2, PETER EDER'Z:3, MIicHAEL FiscHer!?2:3,
Epwar Xieb23 AcuiMm Marx!, Frank Deppel23, and RupoLF
Gross!23 — !Walther-Meifiner-Institut, Bayerische Akademie der
Wissenschaften, 85748 Garching, Germany — 2Physik-Department,
TU Miinchen, 85748 Garching, Germany — 3Nanosystems Initiative
Munich (NIM), 80799 Miinchen, Germany

In the rapidly evolving field of quantum information processing and
circuit QED, Josephson parametric amplifiers (JPAs) have emerged
as key building blocks. They consist of a coplanar waveguide res-
onator coupled to a dc superconducting quantum interference device
(SQUID). The latter acts as flux-tunable nonlinearity enabling para-
metric effects, including quantum-limited amplification of weak signals
and generation of squeezed microwave light.

In our work, we investigate advanced versions of JPAs with dc-
SQUID arrays instead of a single dc-SQUID to enhance the dynamic
range and 1-dB compression point. We employ the well-established
technologies of electron-beam lithography and aluminium shadow
evaporation to fabricate our samples. We characterize our JPAs at
millikelvin temperatures using transmission microwave measurements
with a network analyzer and conclude by comparing key properties
such as gain and 1-dB compression point between various designs.

The authors acknowledge support from DFG through FE 1564 /1-1.
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Josephson vortex dynamics in nanoscale Josephson junction

parallel arrays — eMicHA WILDERMUTH!, AMADEUS DIETER!,

YanNick ScHON!, MARTIN WEIDES!, HANNEs RotziNngeERr!, and
ALEXEY V. UsTinov!:2 — 1Physikalisches Institut, Karlsruhe Insti-
tute of Technology, 76131 Karlsruhe, Germany — 2Russian Quantum
Center, National University of Science and Technology MISIS, Moscow

119049, Russia

One-dimensional parallel arrays of Josephson junctions are very in-
teresting with respect to the rich dynamics inherent in this system.
In quantum regime new physical phenomena are expected, which we
aim to explore. The investigated system consists of several ultra-small
Josephson junctions, which are arranged in parallel configuration form-
ing an array of loops. We present preliminary measurements of such

Josephson junction arrays, with novel I-V characteristics features.

TT 99.38 Thu 15:00 Poster B
Superconducting and insulating behaviour in granular alu-
minium oxide nano-wires — eJaN NicoLas Voss!, YANNICK
Scuon!, Dominik Dorer!, Micua WILDERMUTH!, SEBAsSTIAN T.
Skacer!, Hannes RotziNger!, and ALexey V. UsTinovl:2
I Physikalisches Institut, Karlsruhe Institute of Technology, 76131
Karlsruhe, Germany — 2Russian Quantum Center, National Univer-

sity of Science and Technology MISIS, Moscow 119049, Russia

Granular aluminium oxide (AlOx) nano-wires are a promising alterna-
tive to Josephson tunnel junctions as a non-linear element in super-
conducting quantum circuits. Due to the internal structure, the sheet
resistance of this material can be adjusted over a wide kOhm range
[1]. Due to the high flexibility of this approach, we employ an electron
beam lithography nano-fabrication process, with the intention of be-
ing used for highly coherent superconducting quantum circuits. The
fabricated 20nm wide nano-wires have a very clean interface to the
sapphire substrate and no remaining fabrication residue in the vicinity
of the circuit. Experimentally, we explore the phase transition from
superconducting to insulating behavior in nano-wires with a length
span between 50 nm and 1 pm.

[1] H. Rotzinger, S. T. Skacel, M. Pfirrmann, J. N. Voss, J. Miiunzberg,
S. Probst, P. Bushev, M. P. Weides, A. V. Ustinov and J. E. Mooij,
Supercond. Sci. Technol. 30, 025002 (2016)
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Switching Current Distributions of Granular Aluminum
micro-SQUIDs — eFELIX FrIEDRICH!, PATRICK WINKEL!, HANNES
SEEGER!, NaTaLiya MaLeeval, CHrisToPH SURGERs!, IoaNn M.
Pop!, and WorLrcaNg WERNSDORFER!2:3 — 1PHI, Karlsruhe Insti-
tute of Technology (KIT), Karlsruhe, Germany — 2INT, Karlsruhe In-
stitute of Technology (KIT), Eggenstein-Leopoldshafen, Germany —
3Institut Néel, CNRS, Grenoble, France

Granular aluminum (GrAl) is a strongly disordered superconductor
consisting of nm-sized aluminum (Al) grains separated by aluminum
oxide (AlOx) tunnel barriers. The material shows both increased crit-
ical temperature and critical field compared to pure Al. Furthermore,
its high kinetic inductance makes GrAl interesting for e.g. high induc-
tance superconducting detectors or circuits [1]. In order to obtain a
better understanding, we performed transport measurements in GrAl
micro-SQUIDs and will present first results. We measure IV curves
and analyze switching current distributions as a function of tempera-
ture, current sweep rate, as well as in- and out-of-plane magnetic field.
Our micro-SQUIDs have loop areas in the order of 1 um? and are inter-
rupted by constrictions with a few 100 nm length and less than 100 nm
width. We find strong deviation from the standard RCSJ-model that
we try to relate to the granular nature of the junctions. As the grain
size is much smaller than the junctions’ dimensions, we expect Joseph-
son junction arrays formed from the coupled Al/AlOy grains to define
the switching current modulation.

[1] H. Rotzinger, et al., Supercond. Sci. Technol. 30, 025002 (2017)
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Design considerations for a superconducting granular alu-

minum nano-wire qubit — eYannick Scuon!, Jan Nicoras

Voss!, SeasTiaN T. SkaceL!, ALEXANDER STEHLI}, JOCHEN
BrAUMULLER!, MarriIN WEemEs!, HaNNEs Rotzincer!, and
ALexey V. Ustinov!:2 — Physikalisches Institut, Karlsruhe Insti-
tute of Technology, 76131 Karlsruhe, Germany — 2Russian Quantum
Center, National University of Science and Technology MISIS, Moscow

119049, Russia

At feature sizes of nano-meter scale, superconducting wires made from
a material with a high normal conducting sheet resistance show a pro-
nounced non-linear microwave response. If such a nano-wire is em-
bedded in a self-resonating circuit, the non-linearity can be observed
even at very low photon numbers. Unfortunately, these materials often
show a rather high photon loss, which makes them unusable for long
lived quantum circuits.

Granular aluminium is a new material for superconducting quan-
tum circuits which features not only a very high kinetic inductance
but also high quality factors. [1] To explore the potential of nano-
wires fabricated from granular aluminium, we propose a new type of
superconducting qubit. Replacing the Josephson tunnel junction in a
transmon qubit, the granular aluminium nano-wire is operated in a
high-impedance Josephson weak-link regime. We present design con-
siderations and preliminary measurements of first samples.



Berlin 2018 — TT

Thursday

[1] H. Rotzinger, et al., Supercond. Sci. Technol. 30, 025002 (2016)
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Fluxonium superconducting qubit using a granular aluminum
superinductor — eMARTIN SPIECKER!, Lukas GRUNHAUPT!, Na-
TALIYA MALEEVA!, HANNES RoTzINGER!, ALExEY V. UsTiNovD:?2,
and IoaN M. Pop! — 1Physikalisches Institut, Karlsruhe Institute of
Technology, Karlsruhe, Germany — 2Russian Quantum Center, Na-
tional University of Science and Technology MISIS, Moscow, Russia

Superconducting quantum circuits have already shown several impor-
tant milestones towards quantum information processing. An inter-
esting subtype of superconducting qubits is the fluxonium. It consists
of a Josephon junction shunted with a large ’super’ inductance, which
results in an offset charge insensitive qubit with an anharmonic level-
structure. The superinductor is typically implemented using Josephson
junction arrays. I will present an alternative path, based on the use of
a high kinetic inductance material, namely granular aluminum.
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Implementing an inductively shunted transmon qubit with
tunable transverse and longitudinal coupling — eSEBASTIAN
T. SkaceL!, NataLiya MaLeEEval, DArRiA GUSENKOVA', SUSANNE
RicHER?, DaviD D1VINCcENZOZ, and IoaN M. Pop! — !Physikalisches
Institut, Karlsruher Institut fiir Technologie, D-76131 Karlsruhe, Ger-
many — 2JARA Institute for Quantum Information, RWTH Aachen
University, 52056 Aachen, Germany

We discuss some of the challenges in the physical implementation of an
inductively shunted transmon qubit with flux-tunable transverse and
longitudinal coupling to an embedded harmonic mode. The inductive
shunt consists of a combination of compact, low-loss and linear induc-
tances, in the range of several nH, and chains of Josephson junctions.
The former could be realized by superconducting strips consisting of
a high kinetic inductance material, granular aluminum, while the lat-
ter can be made from standard thin-film aluminum. The electrical
connections between these different metallic layers could be realized
using recently developed argon ion cleaning and contacting techniques
which preserve the coherence of the circuit. The sample is enclosed in
a 3D waveguide which offers the advantage of strong coupling for the
resonator mode inside the designed pass band between 6 and 8 GHz,
while the qubit mode can be efficiently decoupled from the microwave
environment.
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Investigation of a superconducting quantum metamaterial —
eJAN Davip BrReEuM! and ALExEY V. Ustinov!2 — 1 Physikalisches
Institut, Karlsruhe Institute of Technology, 76131 Karlsruhe, Germany
— 2Russian Quantum Center, National University of Science and Tech-
nology MISIS, Moscow 119049, Russia

Quantum metamaterials extend the idea of classical metamaterials to
a regime where the quantum coherence of the meta-atoms exceeds the
typical propagation time of an impinging wave through the medium.
In recent works, it was proposed that this gives rise to various collective
light-matter interaction effects such as selfinduced transparency, quasi-
superradiant phase transitions and lasing. Superconducting qubits are
strong candidates for an implementation of meta-atoms in the quan-
tum regime because they feature well controllable properties, have sub-
wavelength dimensions, and are known to have sufficiently long coher-
ence times. First implementations of quantum metamaterials made of
arrays of superconducting flux [1] and transmon [2] qubits were tar-
geted at studying their collective interaction with a single mode of a
microwave resonator. Here, we investigate a one-dimensional quantum
material which consists of an array of transmon qubits coupled to a
continuum of the light modes in a coplanar waveguide.

[1] P. Macha et al., Nature Commun. 5, 5146 (2014)

[2] K. V. Shulga et al., JETP Lett. 105, 47 (2017)
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Local density of states in clean 2D SNS heterostructures
— eDaniLo Nikoric!, Worrcaneg BEeLzic!, and Juan CARLOS
Cukvas? — 1Fachbereich Physik, Universitéit Konstanz, D-78457 Kon-
stanz, Germany — 2?Departamento de Fisica Teérica de la Materia

Condensada, Universidad Auténoma de Madrid, Spain

The advent of 2D materials like graphene have reignited the interest
in the study of the proximity effect in clean hybrid superconducting
structures. Here, we present a systematic analysis of the local den-
sity of states in a clean 2D normal metal coupled to superconducting

leads. By solving the Eilenberger equations in the framework of the
quasiclassical theory of superconductivity, we are able to describe the
impact in the Andreev bound state spectrum of these hybrid systems
of, among others, a superconducting phase difference, a finite trans-
mission of the interfaces or the presence of a weak magnetic field. Our
results shed light on recent experiments on the Andreev bound states
in graphene-based hybrid superconducting structures.

[1] L. Bretheau, J.I.J. Wang, R. Pisoni, K. Watanabe, T. Taniguchi,
P. Jarillo-Herrero, Nature Physics, doi:10.1038/nphys4110 (2017)
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Josephson junctions induced by strain in an individual few-
layer NbSez monocrystal — eKarL Enzo Kross, ANH-TUAN
NGUYEN, SorFiA BLANTER, PAuUL LiNsSMAIER, CHRISTOPH STRUNK,
and NicorLAa Parapiso — Institut fiir experimentelle und angewandte
Physik, University of Regensburg

Superconducting transition metal dichalcogenides offer the opportu-
nity to study superconductivity in the limit of clean 2D monocrystals.
This opens the way to the study of phenomena that cannot be ob-
served on bulk or disordered samples. One example is the impact of
crystal distortions on the local superconducting order parameter. In
this work we study the transport characteristics of few-layer NbSeg
flakes with a crystal fold which divides them in two halves separated
by a strained region. This latter may act as a weak link or as a strong
barrier, depending on the crystal stress. The weak link corresponds to
Josephson junction within the same monocrystal. This is confirmed
by our finite-bias measurements in perpendicular field, which reveal a
typical Fraunhofer pattern.
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On unambigous quantum signatures in driven swept-bias
Josephson junctions — eHaraLD Loserr!, KArL VoceL!, and
WoLrrcanc P. ScaLeicHb2 — lInstitut fiir Quantenphysik and Cen-
ter for Integrated Quantum Science and Technology (IQST), Univer-
sitdt Ulm, D-89069 Ulm — 2Institute for Quantum Science and Engi-
neering (IQSE), Department of Physics and Astronomy, Texas A&M
University, College Station, TX 77843

Josephson junctions are one of the best examples for the observation
of macroscopic quantum tunneling. In the case of a current-biased
Josephson junction the phase difference behaves like the position of
a particle in a tilted washboard potential. The escape of this phase-
particle corresponds to the voltage switching of the associated junction.
The escape from the potential can be explained by quantum tunnel-
ing from the ground state, or an excited state. However, it has been
shown [1][2], that in the case of periodic driving the experimental data
for quantum mechanical key features, e.g. Rabi oscillations or energy
level quantization, can be reproduced by completely classical calcula-
tions.

Motivated by this discussion, we focus on the escape process in a swept-
bias Josephson junction setup. We point out how a large or a small
critical current of the junction affects the distinction between quantum
and classical effects. In particular, we contrast the switching current
distributions resulting from a quantum and a classical description of
the time evolution in each case.

[1] Marcheseet al., Eur. Phys. J. Special Topics 147, 333 (2007)

[2] Blackburn et al., Phys. Rev. B 85, 104501 (2012)
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Reliability of different fabrication processes for window-
and cross-type Nb/Al — AlOx/Nb Josephson junctions
— oF. BAUER, F. ZIMMERER, A. FERRING, M. WEGNER, S. KEMPF,
and C. Enss — Kirchhoff-Institute for Physics, Heidelberg University,
Im Neuenheimer Feld 227, 69120 Heidelberg, Germany.

Josephson tunnel junctions (JJs) are the basic element of many su-
perconducting electronic devices such as SQUIDs or qubits. To allow
for a successful and predictable operation of these devices, JJs having
high quality and well-defined parameters are needed. The fabrication
of window-type JJs is an often used approach to reliably produce such
junctions. However, restrictions in alignment accuracy practically lim-
its the junction size if not using advanced technologies such as e-beam
lithography. Additionally, the overlap between the base electrode and
the top wiring as well as the minimum junction size leads to constraints
with respect to the junction capacitance and therefore to practical de-
sign parameters of SQUIDs and qubits. Both issues can be addressed
by introducing a cross-type JJ fabrication process.

Within this context, we present different fabrication processes for
Nb/Al — AlOx/Nb based JJs. This includes not only our well-
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established, anodization-free fabrication process for window-type JJs
but also different types of fabrication processes for cross-type JJs. We
will compare all processes with each other by means of different figures
of merit such as the ratio of subgap to normal resistance ng/Rn or
the characteristic voltage Rsglc and show that our JJs exhibit a very
high quality.
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Low frequency excess flux noise in dc-SQUIDs — e A. FERRING,
S. KempF, and C. Enss — Kirchhoff-Institute for Physics, Heidelberg
University, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany

Low frequency excess flux noise strongly impairs the performance of
superconducting quantum devices (SQDs) such as SQUIDs and Qubits.
It is, for example, the dominating mechanism causing decoherence in
flux or phase Qubits and makes SQUID based measurements of low
frequency signals rather challenging. But even though it has been ex-
tensively studied for many years, many open questions concerning its
origin and properties remain. Recent experiments, for example, hint
for surface adsorbates as a potential origin of noise contributions. It
remains however unclear whether additional sources of low frequency
excess flux noise exist. Therefore further investigations need to be
done.

In this contribution, we first discuss a detailed study of low frequency
excess flux noise in SQDs made of different materials like Nb, Al and
Pbln, that hints for a material- and device-type dependence. We also
show indications for a correlation between the 1/f-noise amplitude
of de-SQUIDs and the dc-magnetization of the used insulating SiOg
layer originating from magnetic contaminations introduced during the
actual fabrication process. Finally, we present noise measurements on
dc-SQUIDs having all Nb/Al-AlOy /Nb Josephson Junctions but using
washers made from different materials.
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Optimal control pulses for a superconducting circuit with
low anharmonicity — eNicorLas WITTLER, SHAI MACHNES, and
FrANK WILHELM-MAUCH — Universitdt des Saarlandes, Saarbriicken,
Deutschland

In order to perform specific operations on a superconducting quan-
tum device with a desired fidelity, we investigate theoretical methods
for shaping optimal control pulses of such systems. The 3D Trans-
mon, a Josephson junction embedded in a microwave cavity, achieves
a low sensitivity to charge noise, while retaining small, but sufficient
anharmonicity, to allow for distinct transition frequencies. Because
of this low anharmonicity, the difference in transition frequencies will
be small, so that a pulse designed to drive a selected transition will
also drive the neighboring transitions. Performing a desired quantum
gate with a certain accuracy on the device requires driving pulses, that
don’t effect undesired transitions. With pulse shaping techniques such
as DRAG](1| and GOAT|2|, that engineer the frequency spectrum
of a control pulse to suppress unwanted transitions, an increase in fi-
delity or shortening of the gate time can be achieved. The analytical
method DRAG (Derivative Removal by Adiabatic Gate) presents an
approach, where an initial pulse is shaped by adding its derivative with
a suitable amplification factor to suppress certain transitions. GOAT
( Gradient Optimization of Analytic ConTrols) shapes pulses by nu-
merically solving a differential equation for the control parameters, to
find the optimial pulse.

[1] F. Motzoi et al., Phys.Rev.Lett. 103 (2009) 110501,

[2] S. Machnes et al., arXiv:1507.04261
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CHRISTIN POMMERENING and Davip DiViNcENzo — JARA Institute
for Quantum Information, RWTH Aachen University, 52056 Aachen,
Germany

We study high-fidelity operations on two coupled superconducting
qubits. We consider the cross-resonance gate, presenting a straightfor-
ward analytic derivation of its action based on the theory of Makhlin
invariants.

Starting from an effective J coupling between the qubits, this deriva-
tion relies on a single rotating wave approximation to make the Hamil-
tonian time-independent in the frame that is rotating both qubits at
the frequency of the cross-resonant drive. At that point no further
frame or basis transformations are necessary, and the model can be
solved exactly. A time evolution locally equivalent to a CNOT gate
can then be found in multiple bases in the limit of small coupling

strength J, and in one basis in particular for any J.

In practice the qubit basis is of course not arbitrary, but can be de-
fined by the measurement basis or the basis in which single-qubit gates
are applied. In this context we study how the (always-on) two-qubit
coupling affects single-qubit measurements, and more specifically the
measurement basis. In doing so we eventually seek to better under-
stand the errors that arise from a possible mismatch between measure-
ment and qubit basis.
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Remote entanglement stabilization and distillation by quan-
tum reservoir engineering — DIDIER NIcoLAs?, eJEREMIE
GuiLLAUD!, SHYAM SHANKARS, and Mazyar MirraHIMI! — lInria
Paris, Paris, France — 2Rigetti Computing, Berkeley, USA — 3Yale
University, New Haven, USA

Quantum information processing protocols based on teleportation re-
quire highly entangled pairs of distant qubits as a primary resource.
‘We present a new protocol that achieves an autonomous remote en-
tanglement distillation using two-mode squeezed light as an imperfect
source of entanglement. Two remote cavities are driven at distance
using a three-wave mixing device that generates a two-mode squeezed
light at resonance with the cavities. The autonomous distillation is
performed through the local dispersive couplings of qubits to cavities
and some additional local drives on the qubits. We will illustrate (nu-
merically and analytically) how this protocol stabilizes a maximally
entangled Bell state of the qubits regardless of the applied squeezing
strength. We also study the robustness study of this reservoir en-
gineering protocol in presence of various sources of imperfection and
decoherence. This study is done through numerical simulations and
systematic model reduction techniques such as adiabatic elimination
of stable fast dynamics.
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Effect of parasitic capacitances on Bloch oscillations mea-
sured via dual Shapiro steps — eLisa ArRNDT, FABIAN Has-
SLER, and ANANDA Roy — JARA-Institute for Quantum Information,
RWTH Aachen University, D-52056 Aachen, Germany

Measurement of Bloch oscillations in a single Josephson junction in the
phase slip regime is a crucial element of metrology that links the cur-
rent to the frequency standard. Bloch oscillations can be measured by
applying a periodic drive to a DC-biased Josephson junction. Phase-
locking between the two oscillations then gives rise to dual Shapiro
steps. Unlike the normal Shapiro steps, a measurement of these dual
Shapiro steps is impeded by parasitic capacitances. These parasitic ca-
pacitances can be screened by an on-chip superinductance. However,
as the system is constantly driven, the energy has to be dissipated. To
that end, we propose to add an additional large off-chip resistance. We
investigate the resulting system by a set of analytical and numerical
methods. We show that even in the presence of parasitic capacitances,
it is possible to observe Bloch oscillations with realistic system param-
eters. In particular, we show that the leading effect of the parasitic ca-
pacitance is a reduction of the critical voltage of the phase slip junction
by a factor of exp(—10k2/Z) where Z is the characteristic impedance
formed by the parasitic capacitance and the superinductance.
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Decoherence dynamics of the quantum Ising model in the
strong coupling regime — eHANNES WEISBRICH, WOLFGANG
BEeLzic, and GianLuca RASTELLI — Fachbereich Physik, Universitét
Konstanz, D-78457 Konstanz, Germany

We study the decoherence dynamics of the 1D quantum Ising model
within the framework of the Lindblad equation. We consider spins
forming a 1D ring lattice uniformly coupled to a single bath via the
spin component parallel to a transverse magnetic field. The system
is analysed in the strong coupling regime in which the interaction
strength is much larger than the transversal field, such that the spin
chain has two degenerate ground states. We will focus on the dy-
namics between the ground states and the lowest excited states of the
system. We find a decoherence free subspace as long as the dissipative
coupling is parallel to the transverse magnetic field. Finally, we show
that even if a more realistic model of non-uniform dissipative interac-
tion is assumed, i.e. the local dissipation is uncorrelated with the rest
of the ring, the decoherence free subspace is preserved due to parity
conservation.



