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TT 20: Superconductivity: Tunnelling and Josephson Junctions

Time: Tuesday 9:30-13:00

TT 20.1 Tue 9:30 HSZ 103
Calorimetry of a phase slip in a Josephson junction —
Ere GomUs!, DaniaL Majipi!, DaniLo Nikoric?, Patrick RAIFZ,
Bavyan Karimi®, Joonas PELTONEN®, ELKE ScHEERZ, JUKKA
PEekoLa3, HErvE Courrols', WoLrcanG BeLzic?, and eCLEMENS
WINKELMANN! — 1Univ. Grenoble Alpes, CNRS, Grenoble INP, In-
stitut Néel, Grenoble, France — 2Fachbereich Physik, Universitit Kon-
stanz, Konstanz, Germany — 3Centre of Excellence, Department of
Applied Physics, Aalto University School of Science, Aalto, Finland

Josephson junctions are a central element in superconducting quantum
technology; in these devices, irreversibility arises from abrupt slips of
the quantum phase difference across the junction. This phase slip is
often visualized as the tunnelling of a flux quantum in the transverse
direction to the superconducting weak link, which produces dissipa-
tion. Here we detect the instantaneous heat release caused by a phase
slip in a Josephson junction, signalled by an abrupt increase in the lo-
cal electronic temperature in the weak link and subsequent relaxation
back to equilibrium. Beyond the advance in experimental quantum
thermodynamics of observing heat in an elementary quantum process,
our approach could allow experimentally investigating the ubiquity of
dissipation in quantum devices, particularly in superconducting quan-
tum sensors and qubits.

TT 20.2 Tue 9:45 HSZ 103
Measurement of two coupled Bloch oscillators based on
Al/Al10«/Al-Josephson junctions — eFaBiaN KaAP and SERGEY
Lorknov — Physikalisch-Technische Bundesanstalt, Bundesallee 100,
38116 Deutschland Braunschweig

We investigate a system of two coupled Bloch oscillators based on
~ 50 x 50 nm? Josephson junctions, where one oscillator is a flux tun-
able SQUID and one is a single junction, respectively. To suppress the
quantum oscillations of charge and enable the occurrence of coherent
Bloch oscillations, the leads include high ohmic microstrips made from
oxidized titanium. Between the resistors and junctions, we design the
connection via a capacitively coupled pair of high-kinetic-inductance
meanders of granular aluminum. When only the single junction is ac-
tively driven by an external bias current Ig; the Coulomb blockade of
this junction can be tuned by the flux through the passive, non-driven
SQUID. If additionally a current Igs is applied through the SQUID we
observe synchronisation effects in the IV-curves of both Bloch oscilla-
tors when the currents coincide, Ig; =~ Ig2. We address experimental
issues, such as electron overheating in the leads, the presence of higher
harmonics at low bias currents and the onset of Zener tunneling.

TT 20.3 Tue 10:00 HSZ 103
Phase-dependent transport in thermally driven supercon-
ducting single-electron transistors — ALEXANDER G. BAUER and
eBJORN SoTHMANN — Theoretische Physik, Universitdt Duisburg-
Essen and CENIDE, D-47048 Duisburg, Germany

We investigate thermally driven transport of heat and charge in a
superconducting single-electron transistor by means of a real-time di-
agrammatic transport theory. Our theoretical approach allows us to
account for strong Coulomb interactions and arbitrary nonequilibrium
conditions while performing a systematic expansion in the tunnel cou-
pling. We find that a temperature bias across the system gives rise
to finite heat and charge currents close to the particle-hole symmetric
point which depend both on the gate voltage as well as on the phase
difference between the superconducting reservoirs. The finite thermo-
electric effect arises due to level renormalization from virtual tunneling
processes. Furthermore, we find that the phase bias can give rise to
finite charge currents even in the presence of an inversion-symmetric
temperature bias.

TT 20.4 Tue 10:15 HSZ 103
Josephson nanojunctions fabricated by He focused ion beam
irradiation — eEpwarRD GoLpoBIN!, Max KARRER!, CHRISTOPH
Scumip!, Karsja WURSTER!, RAMON MANZORRO?3, JAVIER PABLO-
Navarro?3, Cesar Magen??3 ReEmwworLd KreINer!, and DIETER
KoeLLE! — !Physikalisches Institut, Center for Quantum Science
(CQ) and LISA™T, Universitit Tiibingen, Germany — 2Instituto de
Nanociencia y Materiales de Aragon (INMA), CSIC-Universidad de
Zaragoza, Spain — 3Laboratorio de Microscopias Avanzadas (LMA),

Location: HSZ 103

Universidad de Zaragoza, Spain

We use a focused He ion beam (He-FIB) for the nanofabrication
of Josephson junctions (JJs) and more complex devices based on
YBazCu3zO7_s (YBCO) thin films [1]. Using an optimum He-FIB
irradiation dose, we “write” Josephson barriers across YBCO micro-
bridges. Such JJs have RCSJ-like -V characteristics, and the depen-
dence of the critical current vs. magnetic field resembles a Fraunhofer
pattern. Using higher irradiation doses, we induce insulating regions
that can be used for nanopatterning of various circuits, i.e., patterning
of SQUID loops, constriction JJs (cJJs), etc.

Investigations of the irradiated regions by scanning transmission
electron microscopy (STEM) provide information on the modification
of the crystalline structure of YBCO on the atomic scale. STEM anal-
ysis reveals the amorphization thresholds for irradiation of 1D and 2D
patterns (depending on the beam size), and provides insights into the
current resolution limits for the fabricaton of YBCO cJJs.

[1] B. Miiller et al., Phys. Rev. Applied 11, 044082 (2019)

TT 20.5 Tue 10:30 HSZ 103
Theory of scanned Josephson tunneling spectroscopy in
cuprates — ePEaYusH CHoUBEY! and PETER HIRSCHFELD? —
IDepartment of Physics, Indian Institute of Technology Roorkee, Roor-
kee 247667, India — 2Department of Physics, University of Florida,

Gainesville, Florida 32611, USA

The scanned Josephson tunneling spectroscopy (SJTS) is a direct lo-
cal probe of superconducting gap order parameter. To the best of
our knowledge, SJTS studies have been limited to the cases where su-
perconducting sample and superconducting tip, both, have the same
gap symmetry- either s-wave or d-wave. One might assume that in
an s-to-d SJTS study of cuprates the critical current would vanish
everywhere, as naively expected for planar junctions. We show here
that this is not the case. Employing first-principles Wannier func-
tions for BizSroCaCuzOg, we develop a scheme to compute Josephson
critical current and quasiparticle tunneling current measured by SJT'S
with sub-angstrom resolution. We demonstrate that the critical cur-
rent due to tunneling between an s-wave tip and a superconducting
cuprate sample has largest magnitude above O sites and it vanishes
above Cu sites as a direct consequence of the d-wave gap symmetry in
cuprates. Moreover, we predict various signatures of pair density waves
in underdoped cuprates that can be tested in future SJTS studies.

TT 20.6 Tue 10:45 HSZ 103
Critical temperature of superconductor-ferromagnetic bi-
layers with helimagnetic metals — eDaniLOo Nikoric, SuB-
RATA CHAKRABORTY, ALFREDO SPURI, ELKE SCHEER, ANGELO D1
BernarDO, and WoLrGANG BEeLzic — Fachbereich Physik, Univer-
sitat Konstanz, D-78457 Konstanz, Germany

Motivated by recent experiments on the proximity effect in
superconductor-ferromagnet structures with the helimagnetic order-
ing of magnetization in the latter, we present a systematic theoretical
study of the critical temperature of such systems. By employing the
quasiclassical Usadel approach [1|, we account for two different con-
figurations of magnetization in the ferromagnet and investigate their
impact on the critical temperature (7¢) of the superconductor. Be-
sides recovering the known results for the case of uniform magneti-
zation [2], we find a nontrivial behavior of T, in the case of spiral
magnetization. Our theory suggests that this can be attributed to the
emergence of long-range spin-triplet correlations generated in the fer-
romagnet [3]. Finally, our model predicts that the presence of spiral
magnetization can reduce the critical temperature in the experimen-
tally relevant range of parameters. This effect is the subject of ongoing
experiments.

[1] A. I. Buzdin, Rev. Mod. Phys. 77, 935 (2005)

[2] Z. Radovié et al., Phys. Rev. B 44, 759 (1991);

Ya. V. Fominov et al., Phys. Rev B 66, 014507 (2002)

[3] A. F. Volkov et al., Phys. Rev. B 73, 104412 (2006)

TT 20.7 Tue 11:00 HSZ 103
Equal-spin Cooper pair injection in superconducting spin-
tronics devices — eMarTHiAs Escaric! and Xavier MoONTIEL?
— !nstitute of Physics, University of Greifswald, Germany —
2Department of Materials Science & Metallurgy, University of Cam-
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bridge, UK

In a number of recent experiments unusual behavior was observed in
ferromagnet /ferromagnet /superconductor devices when a precession of
the magnetization was induced by ferromagnetic resonance. By using
a non-equilibrium Usadel Green function formalism, we solve for spin-
resolved distribution functions and demonstrate that the spin injection
process in superconductors is governed by the inverse proximity effect
in the superconducting layer. We find that equal-spin Cooper pairs,
which are produced by the two misaligned ferromagnetic layers, trans-
port spin inside the S layer. This then results in an increase of the
injected spin current below the superconducting critical temperature.
Our calculations provide the first evidence of the essential role of equal-
spin Cooper pairs on spin-transport properties of S/F devices and pave
new avenues for the design of superconducting spintronics devices.

15 min. break

TT 20.8 Tue 11:30 HSZ 103
Vortex phase transitions in frustrated two-dimensional
semiconductor-superconductor Josephson junction arrays —
eSTMON REINHARDT!, CHRISTIAN BAUMGARTNER!, SERGET GRONINZ,
GrorrrEY C. GARDNER?, TvYLER LINDEMANNZ, MICHAEL J.
MAaNFRA2, Tarvana I. Barurinal, NicoLa Parapiso!, and
CHRISTOPH STRUNK' — !Institute for Experimental and Applied
Physics, University of Regensburg, 93040 Regensburg, Germany —

2Purdue University, West Lafayette, Indiana 47907, USA

We study two-dimensional Josephson junction arrays in hybrid
aluminum/InGaAs/InAs semiconductor-superconductor heterostruc-
tures. Using a cold resonator technique, we measure both the inductive
response as well as the DC transport properties of the array. A per-
pendicular magnetic field induces highly ordered vortex configurations
for integer and fractional values of the frustration parameter. In the
vicinity of the matching fields we observe pronounced dip-to-peak tran-
sitions of the differential resistance as a function of current bias, which
have previously been interpreted as signatures of a non-equilibrium
vortex Mott transition [1]. The scaling behaviour of the differential
conductance in our array of ballistic SNS junctions is compared with
previous results on diffusive Josephson junction arrays.

[1] N. Poccia et al., Science 349, 1202 (2015)

TT 20.9 Tue 11:45 HSZ 103
Engineering the speedup of quantum tunneling in Joseph-
son systems via dissipation — eDomiNIK MaILe!, JoacHiM
ANKERHOLD!, SABINE ANDERGASSEN?, WoLFaaNG BeLzic3, and GI-
aNLuca RasteLL* — lInstitut fiir Komplexe Quantensysteme, Uni-
versitéit Ulm — 2Institut fiir Theoretische Physik and Center for Quan-
tum Science, Universitdt Tiibingen — 3Fachbereich Physik, Univer-
sitat Konstanz — 4INO-CNR BEC Center and Dipartimento di Fisica,
Universita di Trento

We theoretically investigate the escape rate occurring via quantum
tunneling in a system affected by tailored dissipation [1]. Specifically,
we study the environmental assisted quantum tunneling of the super-
conducting phase in a current-biased Josephson junction. We con-
sider Ohmic resistors inducing dissipation both in the phase and in
the charge of the quantum circuit. We find that the charge dissipation
leads to an enhancement of the quantum escape rate. This effect ap-
pears already in the low Ohmic regime and also occurs in the presence
of phase dissipation that favors localization. Inserting realistic circuit
parameters, we address the question of its experimental observabil-
ity and discuss suitable parameter spaces for the observation of the
enhanced rate.

[1] D.Maile et al., PRB 106, 045408 (2022)

TT 20.10 Tue 12:00 HSZ 103
Complete magnetic control over the superconducting ther-
moelectric effect — oJaBIR ALl Ouassou!, CEsar GONZALEZ-
Ruano?, Dieco Caso?, FaArkHAD G. ALIEVZ, and JacoB LINDER! —
LCenter for Quantum Spintronics, Department of Physics, Norwegian
University of Science and Technology, NO-7491 Trondheim, Norway
— 2Departamento Fisica de la Materia Condensada C-III, INC and
IFIMAC, Universidad Auténoma de Madrid, Madrid 28049, Spain

Giant thermoelectric effects are known to arise at the interface between
a superconductor and strongly polarized ferromagnet, and this enables
the construction of efficient thermoelectric generators. We predict that
the thermopower of such generators can be completely controlled by
a magnetic input signal: not only can the thermopower be toggled on
and off by rotating a magnet, but even the sign of the thermopower can
be reversed. This in situ control diverges from conventional thermo-
electrics, where the thermopower is usually fixed by the device design.

TT 20.11 Tue 12:15 HSZ 103
Quantum phases in a frustrated sawtooth chain of Josephson
junctions — eBENEDIKT J.P. PERNACK, MIKHAIL V. FistuL, and
Irya M. ErReEMIN — Ruhr-Universitdt Bochum, Bochum Germany

We present a theoretical study of quantum phases occurring in a frus-
trated sawtooth chain of small Josephson junctions. In the model the
frustration f arises due to the Josephson couplings having alternating
signs (0 and 7 Josephson junctions) in a single lattice cell. At the criti-
cal value of f = 3/4 such a system displays a phase transition from the
ordered state into the frustrated one with a highly degenerate ground
state characterized by penetration of topological (anti)vortices [1]. In-
troducing additional capacitances to the ground, we derive an effective
Ising quantum spins model with a long-range interaction between well
separated vortices/antivortices, and obtain various collective quantum
phases and quantum phase transitions between them.

[1] A. Andreanov and M. V. Fistul, J. Phys. A: Math. Theor. 52,
105101 (2019)

TT 20.12 Tue 12:30 HSZ 103
Low-energy model for superconducting quantum dot systems
— eVwiapIsLav Pokorny! and MarTIN Zonpa2 — 1FZU - Institute
of Physics, Czech Academy of Sciences, Na Slovance 2, 182 21 Prague,
Czech Republic — 2Faculty of Mathematics and Physics, Charles Uni-
versity, Ke Karlovu 5, 121 16 Prague, Czech Republic

We present a method to extract the Andreev bound state energies of
a single-level quantum dot connected to superconducting leads from
the imaginary-time results of quantum Monte-Carlo method without
the use of analytic continuation techniques like maximum entropy
method. We describe the system using the superconducting impu-
rity Anderson model and show that for low energies it maps on an
atomic-like model. The parameters of this model can be extracted
from the self-energy calculated in imaginary-frequency domain using
the hybridization-expansion quantum Monte Carlo method. We com-
pare the results to zero-temperature numerical renormalization group
data to show the limits of usability of the low-energy model.

TT 20.13 Tue 12:45 HSZ 103
Tracking current path in multi-terminal graphene Josephson
junctions — eDEvVANG PARMAR — Institute for Quantum Materials
and Technologies (IQMT), Karlsruhe institute of Technology, 76021
Karlsruhe, Germany.

Multiterminal Josephson junctions have been predicted to be platforms
to observe various exotic phenomena such as new topological phases of
matter [1], correlated states [2-5] or the so-called Andreev molecules
[6,7]. In order to control the electronic properties of these complex de-
vices, it is important to comprehend and track the supercurrent flow
with respect to their geometries and superconducting lead peculiari-
ties.

Here, we investigated the supercurrent in multi-terminal
superconductor-graphene-superconductor (SGS) junctions. Together
with magnetic interferometry experiments in these multiterminal
graphene devices, we clearly observe that the contact transparencies
can be very different from one lead to the other which mainly drives the
entire transport properties in SGS. Our work provides insights of the
supercurrent flow in multiterminal Josephson junctions and paves the
way for further investigations in more complex multiterminal devices.
[1] R. P. Riwar et al., Nat Commun 7, 11167 (2016)

[2] A. Freyn et al., Phys. Rev. Lett. 106, 257005 (2011)

[3] A. H. Pfeffer et al., Phys. Rev. B 90, 075401 (2014)

[4] R. Mélin et al., Phys. Rev. B 100, 035450 (2019)

[5] K.-F. Huang et al., arXiv preprint arXiv:2008.03419 (2020)
[6] Z. Su et al., Nat. Commun. 8, 585 (2017)

[7] J.-D. Pillet et al., Nano Lett. 19, 7138 (2019)



