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Introduction

The Wilhelm und Else Heraeus-Stiftung is a private foundation that supports
research and education in science with an emphasis on physics. It is recognized as
Germany’'s most important private institution funding physics. Some of the
activities of the foundation are carried out in close cooperation with the German
Physical Society (Deutsche Physikalische Gesellschaft). For detailed information
see https://www.we-heraeus-stiftung.de

Aims and scope of the 697. WE-Heraeus-Seminar:

The field of mesoscopic superconductivity has seen several important developments
in the recent years. The Seminar aims at gathering leading experts and young
researchers on highly topical activities in the field of mesoscopic superconductors,
including among others

Spin-polarized superconductors

One-dimensional and two-dimensional superconductors
Systems with spin-orbit interaction

Superconductor semiconductor hybrids

Granular superconductors

Artificial topological systems

Thermal transport in superconducting systems
Thermoelectric effects

Superconductor-insulator transitions

The organizers encourage in particular young researchers to present their results in
short talks and posters and to take advantage of the ample of time to get deeper
into the field and to discuss their findings among each other and with the more
senior speakers and participants.

The three best poster presentations of the seminar will be awarded a prize. All

speakers and participants will be members of the jury and are highly encouraged to
vote for the poster prize.

Scientific Organizers:

Prof. Dr. Elke Scheer Universitat Konstanz, Germany
E-mail: elke.scheer@uni-konstanz.de

Prof. Wolfgang Belzig Universitat Konstanz, Germany
E-mail: wolfgang.belzig@uni-konstanz.de

Prof. Christoph Strunk Universitat Regensburg
E-mail: christoph.strunk@physik.uni-regensburg.de



Program




Sunday, 02 June 2019

17:00-21:00 Registration

18:00 BUFFET SUPPER and get-together

Monday, 03 June 2019

08:00 BREAKFAST

09:15-09:20  Scientific organizers ~ Opening

09:20 - 09:55  Yoichi Ando Quest for topological
superconductivity

09:55-10:30  Hervé Aubin Spin-orbit induced phase-shift in Bi.Ses
Josephson junctions

10:30-11:00 COFFEE BREAK

11:00 - 11:35  Yuli Nazarov Topological properties of multi-
terminal superconducting
nanostructures: effect of a continuous
spectrum

11:35-12:10  Fabrizio Nichele Evidence of topological
superconductivity in planar Josephson
junctions

12:10-12:15 Conference Photo (in the front of the lecture hall)

12:15-12:30 Break

12:30 LUNCH



Monday, 03 June 2019

14:30-15:05  Laurens Molenkamp  Topological superconductivity in HgTe-
based devices

15:05-15:30  William Mayer Anomalous phase shift in Al-InAs
Josephson junctions

15:30-16:00 COFFEE BREAK

16:00 - 16:35  Tristan Cren Two-dimensional topological
superconductivity in Pb/Co/Si(111)

16:35-17:00  Simon Diesch Creation of equal-spin triplet
superconductivity at the Al/EuS
interface

17:00 - 19:00  Poster | (Presenters of posters with ODD

ordering numbers are asked to stay at
their posters)

19:15 HERAEUS DINNER
(social event with cold & warm buffet with complimentary drinks)



Tuesday, 04 June 2019

08:00 BREAKFAST

09:15-09:50  Jukka Pekola Thermometry based on proximity
superconductivity for ultra-sensitive
calorimetry

09:50-10:25  Detlef Beckmann Spin-dependent thermoelectric effects
in superconductor/ferromagnet hybrid
structures

10:25-11:00 COFFEE BREAK

11:00-11:35 Francesco Giazotto  Josephson field-effect transistors go
metal: A groundbreaking route
towards concrete superconducting
electronics

11:35-12:10  Natascha Pugach Spin amplification of electrons cooling
in cold electron bolometers

12:10-12:30  Break

12:30 LUNCH



Tuesday, 04 June 2019

14:30-15:05 Angelo Di Bernardo  Nodal superconducting exchange
coupling

15:05-15:30  Julien Basset Dynamics of strongly driven diffusive
Josephson junctions

15:30-16:00 COFFEE BREAK

16:00 - 16:35  Héléne Bouchiat Microwave signature of topological
Andreev level crossings in a Bismuth-
based Josephson junction

16:35-17:10  Christian Ast Yu-Shiba-Rusinov states from impurities
with a quantum spin

17:10-17:35  Akashdeep Kamra Superconductivity from squeezed
magnons on normal metals and
topological insulators

18:30 DINNER

20:00-21:00  Philipp Moll Exploring topology on the micron-scale



Wednesday, 05 June 2019

08:00

09:15 - 09:50
09:50 - 10:25
10:25 -11:00
11:00 - 11:35
11:35-12:10
12:10 -12:30
12:30

14:30 - 15:05
15:05 - 15:30

15:30 - 16:00

BREAKFAST

Teun Klapwijk

Attila Geresdi

COFFEE BREAK

Leandro Tosi

Milena Grifoni

Break
LUNCH

loan Pop

Caglar Girit

COFFEE BREAK

Absorption of low-frequency photons
by a superconductor

Andreev and Majorana bound states in
semiconductor nanowire Josephson
junctions

Spin-orbit splitting of Andreev states
revealed by microwave spectroscopy

The ac-Josephson effect in interacting
nanostructures: diagrammatic theory in
the particle-conserving framework

Granular aluminum: A superconducting
material for high impedance quantum
circuits

Non-local Josephson effect in Andreev
molecules




Wednesday, 05 June 2019

16:00 - 16:35  JianTing Ye Field-induced superconductivity in
transition metal dichalcogenides

16:35-17:00 Nicola Paradiso Phase slip lines in few-layer NbSe:
devices

17:00 -19:00 Poster Il (Presenters of posters with EVEN

ordering numbers are asked to stay at
their posters)

19:15 DINNER



Thursday, 06 June 2019

08:00 BREAKFAST

09:15-09:50 Irina Bobkova Magnetoelectric effects in S/F and
S/AF hybrids and Josephson detection
of magnetization dynamics

09:50-10:25 Clemens Winkelmann Tuning the singlet-doublet ground
state transition in a superconductor-
quantum dot hybrid

10:25-11:00 COFFEE BREAK

11:00-11:35  Aviad Frydman Specific heat measurements through
the superconductor-insulator quantum
phase transition

11:35-12:00  Raphaélle Non-linearity and quasi-particle
Delagrange dynamics in superconducting silicon
resonator

12:00 - 12:20  Scientific organizers  Closing and Poster Award Ceremony

12:30 LUNCH

End of the seminar and departure

NO DINNER for participants leaving on Friday morning



Posters




01

02

03

04
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06

07

08

09

10

1

Daniel Arnold

Christian Baumgartner

Andreas Bloch

Alexander Bobkov

Francesca Chiodi

Konrad Dapper

Asbjern Drachmann

Juan C. Estrada Saldafa

Lorenz Fuchs

Ali G. Moghaddam

Alexander Gabovich

Light-induced transport changes of the
superconducting two-dimensional LAO/STO
interface

Gate-tunable supercurrent in epitaxial Al-InAs-
based Josephson junctions

Dynamic triplet pairing in long ferromagnetic
Josephson junctions induced by FMR

Thermally induced torques and magnetization
dynamics in S/F bilayers

Strongly non-linear superconducting silicon
resonators

Dispersive readout of flux vortex dynamics in
quantum Josephson parallel arrays

High critical field superconducting
heterostructures using anodic oxidation

Subgap-state replicas in double quantum dot
Josephson junctions

RLC-resonators as kinetic inductance detectors

Impurity-induced subgap states in time-reversal-
invariant topological superconductors

Josephson and quasiparticle currents between
d-wave superconductors with charge-density
waves



12 Franzisca Gorniaczyk  Electronic thermal conductivity in the insulating
phase of amorphous indium oxide thin films

13 Roy Haller Current-phase relation of a graphene rf SQUID
inductively coupled to a superconducting resonator

14 Robert Hussein Oscillator induced phase transition in a quantum
dot Josephson junction

15 David Indolese Superconducting proximity effect in hBN-graphene
moiré superlattice

16 Alzbeta Kadlecova Quantum phase transitions in superconducting
quantum dots

17 Ning Kang Grain boundaries and tilt-angle-dependent
transport properties of 2D Mo.C superconductor

18 Joachim Kerner On a condensation phenomenon of electron pairs in
a quantum wire

19 Raffael Klees Microwave spectroscopy reveals the quantum
geometric tensor of topological Josephson matter

20 Preeti Pandey Electronic transport properties of multiterminal
graphene based Josephson junctions

21 David Perkins Fluctuation spectroscopy in superconducting
granular boron-doped diamond films

22 Jordi Picé Cortés A diagrammatic approach for transport through
quantum dot-based Josephson junctions



23

24

25

26

27
28

29

30

31

32

33

34

Krzysztof Pomorski

Lukas Powalla

Martin Prestel

Xianggang Qiu

Daniil Rabinovich

Daniil Rabinovich

Ali Rezaei

Ali Rezaei

Yannick Schoén

Laura Sobral Rey

Bjorn Sothmann

Susanne Sprenger

Unified description of single electron
semiconductor devices and Josephson junction
devices in the direction of implementation hybrid
semiconductor-superconductor quantum computer

Fabrication and measurement of high impedance
Josephson junctions

Channel analysis of atomic Palladium contacts by
Andreev reflections

Dynamic vortex insulator to metal transition in
superconducting Nb films with antidote lattices

1. @o-contact in S/AF/S junction

2. Resistive state of SFS Josephson junctions in

the presence of moving domain walls

1. Phase- and voltage-controlled triplet correlations
in a hybrid superconductor-ferromagnet device

2. Spin effects in a superconductor in proximity to

an antiferromagnetic insulator

Rabi oscillations in disordered superconducting
nanowire circuits

Coulomb blockade experiments beyond orthodox
theory

Phase-dependent heat and charge transport
through superconductor-quantum dot hybrids

Interplay of mesoscopic superconductivity and
Coulomb blockade



35 Annika Stellhorn Domain-superconductivity in Nb/FePd thin layers
with lateral inhomogeneous magnetization

36 Francesco Valenti Phonon traps to reduce the quasiparticle density in
superconducting circuits

37 Jan Nicolas Voss Metallic, superconducting and insulating low-
temperature electrical transport response of
disordered nanowires

38 Stephan Weil3 Dephasing of Andreev bound states revealed by
iterative summation of path-integrals

39 Micha Wildermuth Fluxoid dynamics in high impedance long
Josephson junctions

40 Kacper Wrzesniewski ~ Waiting time distribution and current cross-
correlations in triple quantum dot-based Cooper
pair splitter

41 Ulrich Zuelicke Chiral p-wave superfluid from s-wave pairing in the
BEC limit



Abstracts of Talks

(in chronological order)




Quest for Topological Superconductivity

Y. Ando'
'Physics Institute I, University of Cologne, Cologne 50937, Germany

In this talk, | will start with a general introduction to topological superconductivity and
Majorana fermions [1], and explain why spin-orbit coupling is useful for generating such
novel states of matter. | will then elaborate on the nematic topological superconductivity
recently found in electron-doped topological insulators such as CuxBiz2Ses [2, 3], and
show some new results on Cux(PbSe)s(Bi2Ses)s, which is different from CuxBi2Ses in
that it has symmetry-protected gap nodes [4]. In the second part, | will present our
efforts to address proximity-induced topological superconductivity on the surface of
topological superconductors [5], and explain why such a platform is promising for
topological quantum computing. Lastly, | will show some preliminary tunneling
spectroscopy data on the gasi-1D superconductor TI2MosSes, which is a topological
superconductor candidate to host Kramers pairs of Majorana fermions at the ends [6].

References

[1] M. Sato and Y. Ando, Rep. Prog. Phys. 80, 076501 (2017).

[2] K. Matano, M. Kriener, K. Segawa, Y. Ando, and G.-q. Zheng, Nature Phys. 12,
852 (2016).

[3] S. Yonezawa, K. Tajiri, S. Nakata, Y. Nagai, Z. Wang, K. Segawa, Y. Ando, and
Y. Maeno, Nature Phys. 13, 123 (2017).

[4] L. Andersen, Z. Wang, T. Lorenz, and Y. Ando, Phys. Rev. B 98, 220512
(2018).

[5] S. Ghatak, O. Breunig, F. Yang, Z. Wang, A. A. Taskin, and Y. Ando, Nano Lett.
18, 5124 (2018).

[6] S.-M. Huang, C.-H. Hsu, S.-Y. Xu, C.-C. Lee, S.-Y. Shiau, H. Lin, and A. Bansil,
Phys. Rev. B 97, 014510 (2018).



Spin-Orbit induced phase-shift in Bi,Se; Josephson
junctions

A. Assouline’, C. Feuillet-Palma’, N. Bergeal', T. Zhang', A.
Mottaghizadeh', A. Zimmers', E. Lhuillier?, M. Eddrief?, P. Atkinson?,
M. Aprili®, H. Aubin'*

'LPEM, ESPCI Paris, PSL Research University; CNRS; Sorbonne Universités,
UPMC University of Paris 6, Paris, France
2 Institut des NanoSciences de Paris, Sorbonne Universités, UPMC Univ. Paris 06,
CNRS, Paris, France
3Laboratoire de Physique des Solides, CNRS, Univ. Paris-Sud,
University Paris-Saclay, Orsay , France.

“Center for Nanoscience and Nanotechnology (C2N), CNRS, Univ. Paris-Sud,
University Paris-Saclay, Palaiseau, France

For Josephson junctions in open
circuit, with both time-reversal and
inversion symmetries, the phase
difference between the two
superconducting electrodes can
only be a multiple number of =.
However, when both symmetries
are broken, a non-zero
anomalous phase shift is
expected in response to the spin-orbit coupling. In this talk, | will present our recent
study of hybrid SNS Josephson junctions and Josephson interferometers fabricated
with Bi,Ses, a topological material with strong spin-orbit coupling. Simultaneous
measurements of two interferometers oriented differently with an in-plane magnetic
field, see figure, enabled the observation of an anomalous phase shift. A careful
analysis of the symmetry conditions under which this anomalous phase-shift is
allowed leads to the conclusion that no other effect than the spin-orbit coupling can
be responsible for the observed phenomena. From the amplitude of the anomalous
phase shift, one can conclude that the major contribution to the superfluid current in
the Josephson junction arises from the bulk electrons in the conduction band, spin-
splitted by the Rashba effect. We extract a value a=0.38 eVA for the spin-orbit
coefficient[1], in agreement with photoemission results.

References

[1] Assouline, A. et al. Spin-Orbit induced phase-shift in Bi2Se3 Josephson junctions.
Nat. Commun. 10, 126 (2019).




Topological properties of multi-terminal
superconducting nanostructures: effect of a
continuous spectrum

Evgeny Repin', Yuguang Chen', Yuli V. Nazarov'

Kavli Institute of Nanoscience, Delft University of Technology, 2628 CJ Delft, The
Netherlands

Recently, it has been shown that multi-terminal superconducting nanostructures may
possess topological properties that involve Berry curvatures in the parametric space
of the superconducting phases of the terminals, and associated Chern numbers that
are manifested in quantized transconductances of the nanostructure. In this Article,
we investigate how the continuous spectrum that is intrinsically present in
superconductors, affects these properties. We model the nanostructure within
scattering formalism deriving the action and the response function that permits a re-
definition of Berry curvature for continuous spectrum.

We have found that the re-defined Berry curvature may have a non-topological
phase-independent contribution that adds a non-quantized part to the
transconductances. This contribution vanishes for a time-reversible scattering matrix.

References

[1] https://arxiv.org/abs/1812.09102



Evidence of Topological Superconductivity in Planar Josephson Junctions

Fabrizio Nichele', Antonio Fomieril, Alexander M. Whiticar!, F. Setiawanz, Elias Portoles
Marinl, Asbjern C. C. Drachmann', Anna Keselman® , Sergei Gronin"s, Candice Thomas“’s, Tian
Wang"®, Ray Kallaher*’, Geoffrey C. Gardner*’, Erez Berg?®, Michael J. Manfra**"%, Ady

Stems, Charles M. Marcus'

1 Center for Quantum Devices, Niels Bohr Institute, University of Copenhagen and Microsoft Quantum
Lab Copenhagen, Universitetsparken 5, 2100 Copenhagen, Denmark

2James Franck Institute, The University of Chicago, Chicago, IL 60637, USA

3 Station Q, Microsoft Research, Santa Barbara, California 93106-6105, USA

4 Department of Physics and Astronomy and Microsoft Quantum Lab Purdue, Purdue University, West
Lafayette, Indiana 47907 USA

5 Birck Nanotechnology Center, Purdue University, West Lafayette, Indiana 47907 USA

6 Department of Condensed Matter Physics, Weizmann Institute of Science, Rehovot 7610001, Israel
7School of Materials Engineering, Purdue University, West Lafayette, Indiana 47907 USA

8 School of Electrical and Computer Engineering, Purdue University, West Lafayette, Indiana 47907 USA

There is growing interest in material systems that both support Majorana zero modes (MZMs),
relevant for quantum computing, and can be fabricated into complex and scalable geometries. So
far, MZMs have been tentatively identified in individual InSb or InAs nanowires with induced
superconductivity. Future tests of non-Abelian statistics will likely involve braiding or
interferometric measurement, requiring branched or looped geometries, challenging to realize
using individual nanowires.

I will present investigations of hybrid superconductor/semiconductor devices performed at the
University of Copenhagen. Devices are based on a planar InAs heterostructure strongly coupled
to a thin layer of epitaxial Al. By top-down lithography, we defined one-dimensional wires
characterized by a hard superconducting gap, ballistic tunneling probes and in-plane critical
fields up to 3 T. In the presence of an in-plane magnetic field, zero energy states robust in field
emerge and show a behavior consistent with theory for MZMs, including low temperature
saturation at the conductance quantum. Finally, I will show how a new generation of Majorana
devices could be realized by taking advantage of phase control in planar Josephson junction
geometries.



Topological Superconductivity in HgTe-based
Devices

L. Molenkamp
Physics Institute (EP3) Wuerzburg University, Wuerzburg, Germany

Suitably structured HgTe has been shown to be a topological insulator in both 2- (a
quantum well wider than some 6.3 nm) and 3 (an epilayer grown under tensile strain)
dimensions with favorable properties for quantum transport studies, i.e. a good
mobility and a complete absence of bulk carriers.

In this talk | will summarize the results of our efforts (in collaboration with colleagues
all over the globe) to induce superconductivity in the topological surface states of
these materials. Special emphasis will be given to recent results on the ac
Josephson effect. We will present data on Shapiro step behavior that is a very strong
indication for the presence of a gapless Andreev mode in our Josephson junctions.



Anomalous Phase Shift in Al-InAs Josephson Junctions

William Mayer®, Matthieu Dartiailh!, Joseph Yuan', Kaushini S. Wickramasinghe!, and Javad Shabani®
! Center for Quantum Phenomena, Department of Physics, New York University, NY 10008, USA

The study of systems with both superconductivity and spin-orbit coupling has become an impor-
tant topic in condensed matter with implications ranging from superconducting spintronics to the
search for topological superconductivity. Developments in epitaxial growth of aluminum thin films
on indium-arsenide quantum wells has opened new avenues to study mesoscopic superconductivity
[1]. Building on earlier works we realize both gate-tunable spin-orbit pling [2] and tr t
superconductor-semiconductor interfaces [3]. In Josephson junctions where a proximitized normal
region with spin-orbit coupling forms the weak link, theory predicts the interplay of these two prop-
erties will lead to an anomalous phase shift with the application of in-plane magnetic field due to an
equilibrium spin current in the system. We measure the anomalous phase shift in Al-InAs Joseph-
son junctions in a SQUID geometry as a function of in-plane magnetic field. Gate control over the
magnitude of the anomalous phase shift is demonstrated. Rashba spin-orbit coupling is established
as the dominant mechanism leading to the anomalous phase shift. Finally, we demonstrate that this
system realizes larger anomalous phase shifts then predicted by existing theories due to the large
proximitized gap in the system.

References:

1. M. T. Deng, S. Vaitiekenas, E. B. Hansen, J. Danon, M. Leijnse, K. Flensberg, J. Nygard, P.
Krogstrup, C. M. Marcus, Science, 354, 1557-1562 (2016)

2. K.Wickramasinghe, W. Mayer, J. Yuan, T. Nguyen, V. Manucharyan, J. Shabani, Appl. Phys.
Lett. 113 (26), 262104 (2018)

3. W. Mayer, J. Yuan, K. Wickramasinghe, T. Nguyen, M. Dartiailh, J. Shabani, Appl. Phys.
Lett. 114, 103104 (2019)



Two-dimensional topological superconductivity in
Pb/Co/Si(111)

Gerbold C. Ménard’, Sébastien Guissart?, Christophe Brun', Mircea Trif?,
Frangois Debontridder', Raphaél T. Leriche', Dominique Demaille',
Dimitri Roditchev®, Pascal Simon? and_Tristan Cren'

TInstitut des Nanosciences de Paris, CNRS & Sorbonne Université, Paris, France
2| aboratoire de Physique des Solides, CNRS & Université Paris-Saclay, Orsay,
France
3L aboratoire de physique et d'étude des matériaux, CNRS-ESPCI, Paris, France
*Corresponding author: tristan.cren@upmc.fr

The examination of supposedly well-known condensed matter systems through
the prism of topology has led to the discovery of new quantum phenomena
that were previously overlooked. Just like insulators can present topological
phases characterized by Dirac edge states, superconductors can exhibit
topological phases characterized by Majorana edge states. Two-dimensional
(2D) superconductors are expected to exhibit propagating Majorana edge
states characterized by a Dirac-like dispersion. We have recently observed
some hint of dispersive Majorana edge states in a single atomic layer Pb
superconductor coupled to a buried Co-Si nano-magnet [1]. In addition to their
dispersive edge states, 2D topological superconductors are also supposed to
support Majorana bound states localized on topological defects, our recent
measurements seem to support this theoretical prediction [2].

[1] G. C. Ménard et al., Nature Comm, 8, 2040 (2017)
[2] G. C. Ménard et al., arXiv:1810.09541, Nature Comm (2019)



Creation of equal-spin triplet superconductivity

at the AIl/EuS interface

S. Diesch', P. Machon', M. Wolz', C. Siirgers?, D. Beckmann®,
W. Belzig', and E. Scheer"

Fachbereich Physik, Universitit Konstanz, Germany
2 physikalisches Institut, Karlsruhe Institute of Technology (KIT), Germany.
3 Institute of Nanotechnology, Karlsruhe Institute of Technology (KIT), Germany.

In conventional superconductors, electrons are bound in singlet Cooper pairs, i.e.
with opposite spin. More recently, experiments on superconductor-ferromagnet
systems have shown supercurrents tunneling through ferromagnetic layers,
indicating Cooper pairs of equal spin, thus corresponding to a long-range triplet
proximity effect [1]. Most experimental evidence for triplet superconductivity comes
from observations of the thickness dependence of the Josephson current through a
ferromagnetic barrier, and there is now an increasing amount of direct spectroscopic
evidence [2] to test the existing theoretical models.

In this contribution we present scanning tunneling spectra of thin films of the
ferromagnetic insulator europium sulfide on superconducting aluminum measured at
280 mK and in varying magnetic fields [4]. We observe significant broadening of the
superconducting energy gap and a variety of sub-gap structures induced by the
presence of the ferromagnet. We interpret our findings based on an advanced circuit
theory model [3].

References

[11 F.S. Bergeret, A. F. Volkov & K. B. Efetov, Phys. Rev. Lett. 86, 4096
(2001)

[21 A.DiBernardo, S. Diesch, Y. Gu, J. Linder, G. Divitini, C. Ducati, E.
Scheer, M.G. Blamire & J.W.A. Robinson, Nat. Comm. 6:8053 (2015)

[31 P.Machon, P. Machon, M. Eschrig & W. Belzig, Phys. Rev. Lett. 110,
047002 (2013)

[41 S. Diesch, P. Machon, M. Wolz, C. Siirgers, D. Beckmann, W. Belzig &
E. Scheer, Nat. Comm. 9:5248 (2018)



Thermometry based on proximity superconductivity for ultra-sensitive calorimetry
Jukka Pekola
Aalto University, School of Science, Helsinki/Finland

We present a radio-frequency thermometer based on a zero-bias anomaly of a tunnel
junction between a superconductor and proximitized normal metal [1]. It features non-
invasive detection and essentially uncompromised sensitivity down to the lowest
temperatures of below 20 mK in contrast to commonly used finite bias thermometers that
dissipate orders of magnitude more power and lose their sensitivity at low temperatures.
Using this thermometer we demonstrate detection of equilibrium fluctuations of temperature
in a system of about 10”8 electrons exchanging energy with phonon bath at a fixed
temperature [2]. Moreover, temperature fluctuations under nonequilibrium conditions present
a nontrivial dependence on the chemical potential bias of a hot electron source. These
fundamental fluctuations of T set the ultimate lower bound of the energy resolution of a
calorimeter.

[1] B. Karimi and J. P. Pekola, Phys. Rev. Applied 10, 054048 (2018).
[2] B. Karimi et al., arXiv:1904.05041



Spin-dependent thermoelectric effects in
superconductor/ferromagnet hybrid structures

S. Kolenda', J. Heidrich', M. J. Wolf', C. Siirgers?, D. Beckmann'

"Karlsruhe Institute of Technology (KIT), Institute of Nanotechnology, Karlsruhe,
Germany
2Karlsruhe Institute of Technology (KIT), Physikalisches Institut, Karlsruhe, Germany

We report on the experimental observation of spin-dependent thermoelectric effects
in superconductor-ferromagnet tunnel junctions in high magnetic fields. The
thermoelectric signals are due to a spin-dependent lifting of particle-hole symmetry
on the energy scale of the superconducting gap. Due to the small energy scale, the
thermoelectric effects can be quite large, and we infer a maximum Seebeck
coefficient of about 100 uV/K from our data. The thermoelectric signals can be further
enhanced by an exchange splitting induced by the proximity effect with a
ferromagnetic insulator. Nonlocal thermoelectric effects elucidate the coupling of spin
and heat transport in high-field superconductors.

References

[1] S. Kolenda, M. J. Wolf, and D. Beckmann, Phys. Rev. Lett. 116, 097001
(2016)

[2] S. Kolenda, P. Machon, D. Beckmann, and W. Belzig, Beilstein J.
Nanotechnol. 7, 1579 (2016)

[3] S. Kolenda, C. Siirgers, G. Fischer, and D. Beckmann, Phys. Rev. B 95,
224505 (2017)



Josephson field-effect transistors go metal: A
groundbreaking route towards concrete
superconducting electronics

F. Giazotto
NEST Istituto Nanoscienze-CNR and Scuola Normale Superiore, I-56127 Pisa, Italy

In their original formulation of superconductivity, the London brothers predicted
more than eighty years ago the exponential suppression of an electrostatic field
inside a superconductor over the so-called London penetration depth, A., in analogy
to the Meissner-Ochsenfeld effect. Despite a few experiments indicating hints of
perturbation induced by electrostatic fields, no clue has been provided so far on the
possibility to manipulate conventional superconductors via field-effect. In this talk, |
will report the evidence of full field-effect control of the supercurrent in all-metallic
transistors made of different BCS superconducting thin films [1]. At low temperature,
our field-effect transistors (FETs) show a monotonic decay of the critical current
under increasing electrostatic field up to total quenching for gate voltage values as
large as +40V in titanium-based devices. This bipolar field effect persists up to ~ 85%
of the critical temperature (~ 0.41K), and in the presence of sizable magnetic fields.
A similar behavior, though less pronounced, was observed in aluminum thin film
FETs [1]. Moreover, | will show the experimental realization of Ti-based Dayem
bridge field-effect transistors (DB - FETs) [2, 3] able to control the Josephson critical
current (I¢) of the superconducting channel. Our easy fabrication process DB — FETs
show symmetric full suppression of /¢ for an applied critical gate voltage as low as
Vs ~ +8V at temperatures reaching about the 85% of the record critical temperature
550mK for titanium. Our devices show extremely high values of transconductance
(up to 15pA/V) and variations of Josephson kinetic inductance with gate voltage of
two orders of magnitude. Finally, | will show the behavior of mesoscopic
superconductor-normal  metal-superconductor (SNS) Josephson field-effect
transistors [4] which will reveal as well the impact of intense electrostatic fields even
on proximity metals. All this seems to suggest that the field effect is universal, i.e., it
can affect either genuine or proximity fully-metallic superconductors. Besides
shedding light on a key issue in physics, these results represent a groundbreaking
asset for the realization of an all-metallic superconducting field-effect electronics and
leading edge quantum information architectures based on Josephson FETs. Possible
electronic and circuital schemes based on this all-metallic technology will be
furthermore discussed [3].

References
[1] G. De Simoni, F. Paolucci, P. Solinas, E. Strambini, and F. Giazotto, Nat.
Nanotechnol. 13, 802 (2018).
[2] F. Paolucci, G. De Simoni, E. Strambini, P. Solinas, and F. Giazotto, Nano
Lett. 18, 4195 (2018).
[8] F. Paolucci, G. De Simoni, P. Solinas, E. Strambini, N. Ligato, P.
Virtanen, A. Braggio, and F. Giazotto, Phys. Rev. Applied 11, 024061 (2019)3.
[4] G. De Simoni, F. Paolucci, C. Puglia, and F. Giazotto, arXiv:1903.03435.



Spin amplification of electrons cooling in cold-
electron bolometers
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The method of electron cooling via current flow through a superconductor-insulator-
normal metal junction is used in cold-electron bolometers (CEB) [1]. Andreev current
limits the cooling effect at low temperatures, being a parasitic to the cooling
quasiparticle current.
We have theoretically explained the obtained data on the electron cooling effect in
CEB using Al absorber with a thin ferromagnetic (Fe) layer. A maximal electron
cooling in CEB at phonon temperature 300 mK and below was reached
experimentally. Several reasons allowing this achievement, are the optimization of
geometry, the effective withdrawing of hot quasiparticles from the tunnel barrier using
electron traps, and the suppression of Andreev current in hybrid N-island, composed
by Fe and Al.
We show that the ferromagnetic presence provides the spin scattering, that
suppresses the Andreev reflection in the normal absorber, and therefore, suppresses
the Andreev current. The theory is based on the Keldysh technique for the Usadel
equations.
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Nodal superconducting exchange coupling
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Predating the discovery of giant magnetoresistance [1-2], in 1966 Pierre de Gennes
[3] predicted the superconducting equivalent of a ferromagnet/normal
metal/ferromagnet (F/N/F) spin valve (SV). In de Gennes system, the N layer is
replaced by a conventional (s-wave) S and, by changing the alignment of the
magnetizations of the Fs from parallel (P) to antiparallel (AP), it is possible to
modulate the S critical temperature (Tc). The T. modulation is due to the additive
nature of the pair-breaking magnetic exchange (hex) fields at the two S/F interfaces,
meaning that in the P state they sum up hence resulting in a lower T, compared to
the AP configuration. Such effect has been experimentally observed in a variety
FI/S/FI (FI being a ferromagnetic insulator) and F/S/F systems [4-9], which have
showed that the changed in T. between P and AP state, AT., occurs for a S
thickness (ds) of the order of its superconducting coherence length (§). In particular,
for FI/S/FI trilayers with ds smaller than §, a S-mediated exchange coupling between
the Fls is observed [5] with a full suppression of T in the P state [4-5], in agreement
with de Gennes prediction.

More recently, | have designed and investigated a full-oxide FI/S/FI system, where
S is the nodal (d-wave) S YBaxCusO7s (YBCO) and Fl is the manganite
Pro.sCao2MnOs (PCMO). In this talk, | will show the results that | have recently
obtained for this trilayer system [10], which demonstrate evidence for an
unconventional S-mediated exchange coupling between the PCMO layers. This
novel form of coupling goes beyond that predicted by the Gennes in the sense that it
is mediated by nodal quasiparticle states near the YBCO Fermi surface. AT. values
as large as 2K and oscillating in sign with ds up to length scales of the order of 100 §
are observed as result of this coupling mechanism.
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By measuring the Josephson emission of a diffusive Superconductor-Normal metal-
Superconductor (SNS) junction at a finite temperature we reveal a non-trivial sensitivity
of the supercurrent to microwave irradiation. We demonstrate that the harmonic
content of the current-phase relation is modified due to the energy redistribution of
quasiparticles in the normal wire induced by the electromagnetic field. The distortion
originates from the phase-dependent out-of-equilibrium distribution function which is
strongly affected by the ac-response of the spectral supercurrent. For phases close to
n, transitions accross the Andreev gap are dynamically favored leading to a
supercurrent reduction. This finding is supported by a comparison with the
quasiclassical Green's function theory of superconductivity in diffusive SNS junctions
under microwave irradiation [1].
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Demonstrating the topological protection of Andreev states in Josephson junctions is an
experimental challenge. In particular the telltale 4 pi periodicity expected for the current phase
relation has remained elusive, because of fast parity breaking processes. It was predicted

that low temperature ac susceptibility measurements could reveal the topological protection
of quantum Spin Hall edge states by probing their low energy Andreev spectrum at finite
frequency. We have performed such a microwave probing of a phase-biased Josephson
junction built around a bismuth nanowire, a predicted second order topological insulator, and
which was shown to host one-dimensional ballistic edge states. We find absorption peaks at the
Andreev level crossings, whose temperature and frequency dependencies point to protected
topological crossings with an accuracy limited by the electronic temperature of our
experiment.
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Magnetic impurities in a superconductor give rise to pairs of quasiparticle levels
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