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Introduction

S

uperFOx was born in 2012 as a dedicated meeting for the scientific communities working
in the fields of superconductivity and functional oxides.
It is rooted in the traditions of SATT (Conferenza Nazionale di Superconduttività) and FOxE
(Congresso Nazionale sugli Ossidi Funzionali per l’Elettronica), and since its first edition, it
has been characterized by an international profile.
Following the evolution of current research, new scientific topics have been included in
SuperFOx program, with the aim of promoting knowledge exchange between adjacent fields
of research in solid-state physics.
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Programme
Aula Magna
ground floor

Room 201

Room 202

second floor

second floor

Monday September 19
11:00

Registration opening

14:00

Welcome and conference opening

14:20
16:00

Opening session 1 - Chairs: R. De Renzi (Parma), L. Degiorgi (Zürich)

14:20

Plenary lecture • Control of collective quantum phenomena
in metal-oxide superlattices. B. Keimer (Stuttgart)

15:10

Plenary lecture • Theory of light-control of oxides and of light-induced
superconductivity in fullerenes. A. Georges (Palaiseau)

16:10
16:50

Session 1 • Superconducting
materials and properties.
Chair: M. Putti (Genova)

Session 2 • Oxide interfaces
and heterostructures.
Chair: M. Cantoni (Milano)

16:10

Origin of the resistive anisotropy
in the electronic nematic phase of BaFe2As2
revealed by optical spectroscopy.
L. Degiorgi (Zürich)

Hardening of the soft phonon in bulk SrTiO3
interfaced with LaAlO3 and SrRuO3.
P. Calvani (Roma)

16:30

Anisotropy of transport properties
in parent compound BaFe2As2.
M. Meinero (Genova)

Interplay of structural, ferroelectric
and magnetic properties
at the BaTiO3 / La0.7Sr0.3MnO3 interface.
G. Vinai (Trieste)

16:50

coffee break

17:10
18:30

Session 3 • Superconducting
materials and properties.
Chair: P. Carretta (Pavia)

Session 4 • Oxide interfaces
and heterostructures.
Chair: P. Calvani (Roma)

17:10

Disorder in superconductors by isovalent
substitution.
R. De Renzi (Parma)

Chemical and structural properties of
chromium oxide films on ferroelectric BaTiO3
templates.
M. Cantoni (Milano)

17:30

Shubnikov-de Haas oscillations in single
crystals of SmFeAs(O,F).
A. Leveratto (Genova)

Carrier confinement in p and n doped
homometallic heterostructures based on
strongly correlated oxides.
A. Galdi (Fisciano)

17:50

Impressive Mn driven charge
localization in optimally electron
doped LaFeAsO0.89F0.11.
M. Moroni (Pavia)

TeraFERMI: a new beamline at Free Electron
Laser FERMI for non linear
THz spectroscopy.
P. Di Pietro (Basovizza)

18:10

Electrochemical gating in thin films
of conventional and unconventional
superconductors: NbN and P-doped BaFe2As2.
E. Piatti (Torino)

Unconventional transport
in two-dimensional materials
with strong Rashba spin-orbit coupling.
V. Brosco (Trieste)
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Aula Magna
ground floor

Room 201

Room 202

second floor

second floor

Tuesday September 20
8:30
9:55

Opening session 2 - Chairs: A. Perali (Camerino), G. Profeta (L’Aquila)

8:30

Plenary lecture • The roadmap to applications of graphene,
layed materials and hybrid systems. A. C. Ferrari (Cambridge)

9:20

Invited talk • Universal increase in the superconducting critical temperature of two-dimensional
semiconductors at low doping by the electron-electron interaction. M. Calandra (Paris)

10:00
10:40

Session 5 • Superconducting
materials and properties.
Chair: M. Cinchetti (Kaiserslauten)

Session 6 • Graphene and other
low-dimensional materials.
Chair: G. Profeta (L’Aquila)

10:00

Band structure and electron-phonon coupling
in H3S: a tight-binding model.
L. Ortenzi (Roma)

3-dimensional graphene.
S. Lupi (Roma)

10:20

Multi-gap superconductivity and interaction
driven resonances in superconducting films
with an insulating thin layer.
M. Cariglia (Camerino)

Nanoscale characterization
of the thermal conductivity
of supported graphite nanoplates,
graphene and few-layer graphene.
M. Tortello (Torino)

10:40

coffee break

11:00
12:40

Session 7 • Superconducting
materials and properties.
Chair: C. Senatore (Geneva)

Session 8 • Graphene and other
low-dimensional materials.
Chair: S. Lupi (Roma)

11:00

Magnons, phonons and charge density
waves in cuprates studied
by ultra-high resolution RIXS.
G. Ghiringhelli (Milano)

Novel Ba doped graphene reconstruction.
G. Profeta (L’Aquila)

11:20

Time-resolved XUV photoemission:
a new clue for understanding the ultrafast
dynamics in copper oxides.
F. Cilento (Basovizza)

Large gap electron-hole superfluidity
and shape resonances in coupled
graphene nanoribbons.
A. Perali (Camerino)

11:40

Doping dependence of normal
and superconducting state transport
properties of Nd2-xCexCuO4±d thin films.
A. Guarino (Fisciano)

Ultra slow reverse saturable absorption
of graphene oxide dispersions.
N. Ghofraniha (Roma)

12:00

The effect of artificial vortex pinning centers on
transport properties in YBa2Cu3O7-x films at low
temperatures.
A. Frolova (Roma)

BKT transition in thin superconducting films
and artificial nanostructures.
I. Maccari (Roma)

12:20

Study of two different artificial pinning
strategies in YBa2Cu3O7-x films deposited
by metal organic decomposition method.
L. Piperno (Frascati)

Quantum cooperation of electron
and hole states in Weyl semimetals
WTe2 and strained HgTe.
D. Di Sante (Würzburg)

12:40
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lunch

Aula Magna
ground floor

Room 201

Room 202

second floor

second floor

Tuesday September 20
13:45
15:15

Poster session (List of presentations at page 8) - Chair: L. Gozzelino (Torino)

15:15

Pearson: soluzioni digitali
per la didattica della fisica.
R. Candido (Milano)

15:30
16:50

Session 9 • Superconducting
materials and properties.
Chair: D. Daghero (Torino)

Session 10 • Magnetic oxides.
Chair: R. Bertacco (Milano)

15:30

Mechanochemical assisted synthesis
of FeSexTe1-x material: a structural
and thermoanalytical study.
A. Masi (Roma)

Spin-lattice coupling
and magneto-conductive behaviour
in Y2-xZnxRu2O7 pyrochlores.
C. Castellano (Milano)

15:50

Stability mechanisms in the flux
flow state of iron-chalcogenides.
A. Leo (Fisciano)

Strong spin-orbit driven magnetism
in eg1 Mott insulating state.
F. Forte (Salerno)

16:10

Determination of temperature dependent
local atomic displacements in ammonia
intercalated iron selenide superconductor.
E. Paris (Roma)

(La,Sr)MnO3- based microelectromechanical
systems.
F. Remaggi (Genova)

16:30

Weak localization effects in aged
iron-chalcogenide superconducting films
investigated by noise spectroscopy.
C. Barone (Fisciano)

Magnetic properties of CoO/Fe(001)
with controlled interfacial properties.
A. Brambilla (Milano)

16:50

coffee break

17:10
18:10

Session 11
Superconducting electronics.
Chair: G. Pepe (Napoli)

Session 12 • Topological insulators
and superconductors.
Chair: G. Panaccione (Trieste)

17:10

Nanoscale superconductive memories.
S. Pagano (Fisciano)

Spin-resolved angular-resolved
photo-emission spectroscopies
experiments on epitaxial Bi2Se3 thin films
grown pulsed laser deposition.
P. Orgiani (Fisciano)

17:30

Transition-edge sensors:
superconductivity for photon detection.
M. Rajteri (Torino)

Strong correlation effects in topological
quantum phase transitions.
A. Amaricci (Trieste)

17:50

Quantum-accurate waveform synthesis with
pulse-driven Josephson junctions.
A. Sosso (Torino)

Understanding the transport properties
and the topological character of ZrTe5.
G. Manzoni (Trieste)

18:10

Meeting of the Scientific Committee

20:00

social dinner (Castello del Valentino)
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Aula Magna
ground floor

Room 201

Room 202

second floor

second floor

Wednesday September 21
9:00
10:10

Opening session 3 - Chairs: M. Calandra (Paris), S. Calatroni (Geneva)

9:00

Invited talk • High field applications of HTS materials:
the path towards all-superconducting magnets in the 30 T-range. C. Senatore (Geneva)

9:35

Invited talk • The route towards interface-assisted molecular spintronics:
from ferromagnetic metals to spin-textured materials. M. Cinchetti (Kaiserslautern)

10:20
11:00

Session 13 • Nanostructured
materials and devices.
Chair: S. Pagano (Fisciano)

Session 14 • Oxide interfaces
and heterostructures.
Chair: R. S. Gonnelli (Torino)

10:20

Size control of charge-orbital order
and orbital-selective Mottness
in nanoscopic La-doped manganites.
A. Valli (Trieste)

Charge doping of CuO2 planes in CCO based
heterostructures.
D. Di Castro (Roma)

High dose effects by synchrotron radiation
10:40

nanobeams: a novel non-destructive
patterning technique for Bi2Sr2CaCu2O8+d
and possibly for other oxides.
M. Truccato (Torino)

11:00

Mesoscopic disorder and intrinsic charge
instability in oxide heterostructures
N. Scopigno (Roma)

coffee break

11:20
13:00

Session 15 • Large scale applications
of superconductors.
Chair: R. Zanino (Torino)

Session 16 • Strongly correlated
systems - Topological insulators
and superconductors.
Chair: M. Capone (Trieste)

11:20

Study of superconducting Tl(1223)
coatings for beam impedance
mitigation in the FCC.
S. Calatroni (Geneva)

Defects, disorder, and strong electron
correlations in orbital degenerate,
doped Mott insulators.
A. Avella (Fisciano)

11:40

HTS DC transmission and distribution
as an enabler for increased penetration
of renewable generation.
A. Morandi (Bologna)

Disorder-driven metal-insulator
transitions in deformable lattices.
S. Ciuchi (L’Aquila)

12:00

Analysis of the tests of the superconducting
Cable in Conduit Conductors
for the ITER project.
M. Breschi (Bologna)

Superfluid density in underdoped cuprates:
a gauge approach.
P. A. Marchetti (Padova)

12:20

From ITER to DEMO: how the lessons learnt
in the analysis of the cooling of the ITER
superconducting magnets could help
in the design of the DEMO magnet system.
R. Bonifetto (Torino)

The role of Hund’s coupling
in the correlations and the nematicity
of iron superconductors.
L. Fanfarillo (Trieste)

12:40

Test results of the DEMO TF conductor
designed by ENEA.
V. Corato (Frascati)

Anomalous Josephson effect in proximized
quantum spin Hall edge states.
F. Dolcini (Torino)
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Aula Magna
ground floor

Room 201

Room 202

second floor

second floor

Wednesday September 21
13:00

lunch

14:00
15:00

Session 17 • Superconducting
materials and properties.
Chair: J. Lorenzana (Roma)

Session 18 • Dielectrics,
ferroelectrics and multiferroics.
Chair: D. Di Sante (Würzburg)

14:00

Poisoning of superconductivity
by Mn-induced spin localization
and clustering in LaFe1-xMnxAsO0.89F0.11.
G. Allodi (Parma)

Memristive ferroelectric tunnelling junctions
for applications in neuromorphic networks.
M. Asa (Milano)

14:20

Electronic properties of superconducting FeS.
C. Tresca (Coppito)

Electric field-induced transitions
and technological implications.
G. Viola (Torino)

14:40

Phase coexistence of superconductivity
and magnetism driven by spinorial
order parameter.
A. Vargas-Paredes (Camerino)

Magneto-ionic effects in CoFeB/GdOx.
L. Baldrati (Milano)

15:00

Closing
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Posters

POSTER DISPLAY
NUMBER

POSTER TITLE
AND AUTHOR

Graphene and other low-dimensional materials
01

Low entropy in graphene through the Co-C system. F. Beccaria (Torino)

02

Real-time optical monitoring of the photoreduction of graphene oxide:
demonstrations and application to graphene oxide/titanium dioxide composites.
S. Lettieri (Pozzuoli)

Magnetic Oxides
03

Interplay between strong spin-orbit coupling, crystal field splitting and Hund’s
exchange in KOsO4. D. Guerra (Salerno)

Oxide interfaces and heterostructures
04

(Zn, Mg)O/ZnO heterostructures: a deep study of the quantum effects.
A. Leveratto (Genova)

Superconducting electronics
05

INRiM cryocooler setup for operation of Josephson standards.
P. Durandetto (Torino)

Superconducting materials and properties
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06

Orbital-dependent Fermi surface shrinking as a fingerprint of nematicity in FeSe.
L. Fanfarillo (Trieste)

07

Flux dynamics, pinning and critical current of FeSe superconductor with
and without silver doping. A. Galluzzi (Fisciano)

08

Development of metallic substrates based on Fe/Ni alloys for the deposition
of Fe(Se,Te) superconducting thin films. G. Sylva (Genova)

09

Magnetic states of MnP under hydrostatic pressure. P. Bonfà (Parma)

10

Competing effects of Mn and Y doping on the low-energy excitations and phase
diagram of La1-yYyFeAsO0.89F0.11 iron-based superconductors. S. Sanna (Pavia)

11

Electronic phase diagram of SmFe1-xMnxAsO0.88F0.12. G. Lamura (Genova)

12

Effect of proton irradiation on the low-energy excitations of Ba(Fe1-xRhx)2As2
superconductors. P. Carretta (Pavia)

POSTER DISPLAY
NUMBER

POSTER TITLE
AND AUTHOR

13

Decoupling of Tc and energy gap amplitudes in irradiated
BaFe2(As,P)2. D. Daghero (Torino)

14

Effects of heavy-ion induced disorder in Co- and K-doped BaFe2As2 crystals,
investigated by a microwave coplanar resonator technique. G. Ghigo (Torino)

15

Vortex pinning anisotropy due to heavy-ion irradiation of superconductors
observed by quantitative magneto-optical imaging. F. Laviano (Torino)

16

Anisotropic gaps and Fermi-surface topological phase transitions in Fe-based
superconductors studied by point-contact Andreev-reflection spectroscopy.
R. S. Gonnelli (Torino)

17

Multiband Eliashberg-theory interpretation of the anomalous pressure
dependence of the gap values in CaFe2As2. G. A. Ummarino (Torino)

18

Development of multifilamentary Bi2Sr2CaCu2O8+x round wires and dependence
of the critical current on oxygen overdoping. V. Zunino (Genova)

19

Growth process and pinning properties of YBa2Cu3O7-d thin films obtained by low
fluorine MOD for coated conductors applications. A. Angrisani Armenio (Frascati)

20

A comparison between Barium-based composites for APC introduction in YBCO
coated conductors. V. Galluzzi (Frascati)

21

Far infrared sensor by heavy-ion lithography on superconducting films.
R. Gerbaldo (Torino)

22

Shielding properties of superconducting and superconducting/ferromagnetic
superimposed systems. L. Gozzelino (Torino)

23

Single s-wave superconductivity of non-centrosymmetric Nb0.18Re0.82 thin films
probed by tunneling spectroscopy. M. Caputo (Fisciano)

Topological insulators and superconductors
24

Complete photoemission experiment for probing spin texture at surfaces:
commissioning of VLEED detectors for 3D spin-resolved ARPES and first
experiments. C. Bigi (Milano)

25

Topological states in a spinful 1D chain with periodic-potential and Rashba
spin-orbit interaction. V. Benvenuto (Fisciano)
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Conference and general information
The conference venue
The conference will be held at the Lingotto Campus of the Politecnico di Torino, via Nizza 230.
Conference rooms are both at the ground floor (Main Hall, plenary sessions) and at the second floor (parallel
session rooms). The organizing secretariat desk will be located at the second floor as well as the exhibition
and poster areas.
Instructions for speakers
Presentations (.ppt or .pdf) must be handed in on a USB stick at the conference staff in the meeting room
where your presentation is scheduled, during coffee breaks or lunches. Speakers are kindly asked to be
in the meeting room at least 10 minutes before their session begins. Sessions are tightly scheduled and
it is important that the allotted time be strictly observed. For organisational reasons, speakers are asked
to inform the conference staff in the meeting room well in advance if they have audiovisual material that
requires special software. Computers equipped with PowerPoint 2010 are available in every room.
For any further information on the audiovisual means, please apply to the conference secretariat in good time.
Poster display
Posters will be displayed in the poster area located at the second floor.
Maximum allowed poster size is cm 84 width x 118 height (A0).
Authors can mount their posters on Monday, September 19 as of 12:00. Poster space numbers (see poster
list at page 8) indicate their position on the display board. Presenters are encouraged to leave their posters
on display throughout the conference. Presenters are also invited to stand by their posters to answer
attendees’ questions on Tuesday September 20 from 13:45 to 15:15.
Posters must be removed on September 21 by 14:00. If not, they will be disposed off.
The conference organization cannot be deemed responsible for lost or stolen posters.
For more information please apply to the secretariat desk.
Registration
Pre-registered participants can collect their conference kit and personal name badge at the organizing
secretariat desk located at the second floor.
Opening times: Monday, September 19: 11:00 • 19:00 - Tuesday, September 20: 08:00 • 18:30
Wednesday, September 21: 08:00 • 16:00
Registration fees:
Early registration (until July 11, 2016)
Senior: € 220,00 + VAT 22%
Student: € 170,00 + VAT 22%
On-site registration
Senior: € 320,00 + VAT 22%
Student: € 220,00 + VAT 22%

Late registration (until September 9, 2016)
Senior: € 270,00 + VAT 22%
Student: € 195,00 + VAT 22%
Registration fee for undergraduate students *
Full Conference: € 100,00 + VAT 22%
Daily fee: € 50,00 + VAT 22%

* These rates will be applied to undergraduate students ONLY. Interested people are kindly required to contact
superfox@symposium.it for registration procedure.
N.B.: a certificate proving the student status will be required.
For cancellation policy see superfox2016.polito.it/registration.html
Badges
All delegates and exhibitors are kindly requested to always wear their name badge.
Entrance to meeting rooms will be limited to delegates only.
Badge colours:
• Blue: DELEGATES • Red: EXHIBITORS • Yellow: LOCAL ORGANIZING COMMITTEE AND
ORGANIZING SECRETARIAT STAFF
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Language
Official language will be English. No simultaneous translation will be provided.
Coffee breaks and lunches
Refreshments will be served in the catering areas located at the first and second floors.
See conference programme for coffee break and lunch times.
WI-fi access
Conference participants can access Internet via the Politecnico WiFi network at the conference venue.
Interested people are required to apply to the secretariat desk for their personal password.
Social dinner
The conference social dinner will be held on Tuesday, September 20 at 20:00 at the Castello
del Valentino, viale Mattioli 39.
Participation fee: € 49,00 including VAT.
Admittance will be limited to ticket holders.
For more information on ticket availability please apply to the conference secretariat desk.
Tourist information
An information point of the city tourist agency TurismoTorino will be open at the conference venue
at the following times:
Monday September 19: 12:00-18:00 - Tuesday September 20: 10:00-14:00.
The main tourist information point is located in the city centre (Piazza Castello) and it is open from
Monday to Sunday from 09:00 to 19:00. Phone: +39 011535181.
For more information, please also see www.turismotorino.org/index.aspx
How to get to...
... the conference venue
The Politecnico site of Lingotto can be easily reached by metro (Lingotto metro station). It takes about 9
minutes from the city centre (Porta Nuova metro station). Get off at Lingotto Metro station.
... the social dinner venue
The social dinner will be held at the Castello del Valentino which is located in the Valentino’s park alongside
the river Po. It can be reached in about 10 minutes by tram (line 9) from the city centre (tram stop close
to Porta Nuova railway station) or by Metro subway line (closest stop Marconi + about 10 minutes’ walk).
Liability
Registered conference participants agree that neither the Organizing Committee nor the conference
Secretariat are liable or assume any responsibility for damage or injuries to persons or property
during the conference.
Participants are advised to arrange for their own health, travel and personal insurances.
The conference organization does not cover individuals against cancellation of bookings, theft or damage
to belongings.
Disclaimer
All best endeavours will be made to present the conference programme as published.
However, the conference Organizing Committee and the Secretariat reserve the right to alter or cancel,
without prior notice, any arrangements, timetables, plans or other items relating directly or indirectly
to the conference, for any cause beyond our reasonable control.
The conference Organizing Committee and the Secretariat are not liable for any loss or inconvenience
caused as a result of such alteration.
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Book of Abstracts

September 19-21, 2016
Torino (Italy)

Politecnico, Lingotto Campus

Monday September 19 - Opening session

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

Control of collective quantum phenomena in metal-oxide superlattices
B. Keimer
Department of Solid State Spectroscopy,
Max Planck Institute for Solid State Research, Stuttgart
A grand challenge in the field of correlated-electron physics is the transition from conceptual
understanding of collective ordering phenomena to their control and design. We will outline recent
results of an experimental program designed to meet this challenge through the synthesis and
characterization of metal-oxide superlattices, with particular emphasis on copper [1,2] and nickel
[3-8] oxides. We will show how polarized photon-based methods such as resonant x-ray scattering
and Raman scattering can be used to obtain a comprehensive description of the electron system in
metal-oxide superlattices, and outline perspectives for control of the phase behavior of correlated
electrons in these structures by modifying the occupation of transition metal d-orbitals, the
dimensionality of the electron system, the electron-phonon interaction. We will also discuss new
opportunities afforded by epitaxial integration of 3d and 4f spin systems [9].

[1] N. Driza et al., Nature Mater. 11, 675 (2012).
[2] A. Frano et al., Nature Mater. 15, 831 (2016).
[3] A.V. Boris et al., Science 332, 937 (2011).
[4] E. Benckiser et al., Nature Mater. 10, 189 (2011).
[5] M. Wu et al., Phys. Rev. B 88, 125124 (2013); Phys. Rev. B 91, 195130 (2015).
[6] A. Frano et al., Phys. Rev. Lett. 111, 106804 (2013).
[7] M. Hepting et al., Phys. Rev. Lett. 113, 227206 (2014).
[8] Y. Lu et al., Phys. Rev. B 93, 165121 (2016).
[9] M. Bluschke, A. Frano, E. Schierle, G. Christiani, G. Logvenov, E. Weschke, E. Benckiser, B.
Keimer,
to be published.

Monday September 19 - Opening session

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

Theory of light-control of oxides and of light-induced superconductivity
in fullerenes
A. Georges
Centre de Physique Théorique (CPHT) École Polytechnique,
91128 Palaiseau Cedex, France

Tuesday September 20 - Opening Session

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

The Roadmap to Applications of Graphene, Layered Materials
and Hybrid Systems

Andrea C. Ferrari
Cambridge Graphene Centre, University of Cambridge, Cambridge CB3 OFA, UK

Abstract
Disruptive technologies are usually characterised by universal, versatile applications, which change
many aspects of our life simultaneously, penetrating every corner of our existence. In order to
become disruptive, a new technology needs to offer not incremental, but dramatic, orders of
magnitude improvements. Moreover, the more universal the technology, the better chances it has
for broad base success. The Graphene Flagship has brought together universities, research centres
and companies from most European Countries. At the end of the ramp-up phase significant progress
has been made in taking graphene, related layered materials and hybrid systems from a state of raw
potential to a point where they can revolutionize multiple industries. I will overview the progress
done thus far and the future roadmap.

Tuesday September 20 - Opening Session

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

Universal increase in the superconducting critical temperature of twodimensional semiconductors at low doping by the electron-electron interaction.
B. Pamuk1, J. Baima1, R. Dovesi2, M. Calandra1 and F. Mauri3
1

2

CNRS, UMR 7590 and Sorbonne Universités, IMPMC, 4 place Jussieu, F-75005, Paris, France
Dipartimento di Chimica and Centre of Excellence NIS (Nanostructured Interfaces and Surfaces),
Università di Torino, via P. Giuria 5, I-10125 Turin, Italy
3
Departimento di Fisica, Università di Roma La Sapienza, Piazzale Aldo Moro 5, I-00185 Roma.
Abstract

We investigate the doping behaviour of the spin susceptibility, χs, and the intervalley electronphonon coupling in two-dimensional multivalley semiconductors at low doping. We consider
ZrNCl that is the physical realization of a 2D 2-valley electron-gas. By Li intercalation (LixZrNCl)
the system becomes metallic and superconducting. Both the spin susceptibility and superconducting
Tc are strongly enhanced as the doping is reduced.
We show that DFT with local functionals (LDA/GGA) is not capable of reproducing this behavior.
The use of exact exchange in Hartree-Fock (HF) or in DFT hybrid functionals enhances χs. HF,
B3LYP, and PBE0 approaches overestimate χs, whereas the range-separated HSE06 functional
leads to results similar to those obtained in the random phase approximation (RPA) applied to a
two-valley two-spin electron gas. Within HF, LixZrNCl is even unstable towards a ferromagnetic
state for x<0.16. The intervalley phonons induce an imbalance in the valley occupation that can be
viewed as the effect of a pseudomagnetic field. Thus, similarly to what happens for χs, the electronphonon coupling of intervalley phonons is enhanced by the electron-electron interaction.
Our work demonstrates the general fact that in 2D multivalley semiconductors at low doping, even
a moderate electron-electron interaction enhances the response to any perturbation inducing a valley
polarization. If the valley polarization is due to the electron-phonon coupling, the electron-electron
interaction results in an enhancement of the superconducting critical temperature. [1,2]. We
conclude by discussing what are the conditions for a maximal Tc enhancement in weakly doped
two-dimensional semiconductors.

[1] M. Calandra, P. Zoccante and F. Mauri, Phys.
Rev. Lett. 114, 077001 (2015)
[2] B. Pamuk, J. Baima, R. Dovesi, M. Calandra,
and F. Mauri, Phys. Rev. B 94, 035101 (2016)

Figure 1: Superconducting Tc versus doping
in LixZrNCl.

Wednesday September 21 - Opening Session

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

High field applications of HTS materials: The path towards all-superconducting
magnets in the 30 T-range
C. Senatore1, C.Barth1, M. Bonura1, P. Komorowski2, R. Herzog2, R. Schneider2, R. Tediosi2
1

Department of Quantum Matter Physics (DQMP) and Department of Applied Physics (GAP),
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Abstract
High field superconducting magnets are the enabling technology for modern magnetic medical
imaging, magnetic resonance spectroscopy, particle colliders and fusion reactors. To further push the
boundaries of science, enhancing resolution or energy, these devices call for ever increasing magnetic
fields. However, solenoidal coils built with the Low Temperature Superconductors (LTS) NbTi and
Nb3Sn are limited to around 23.5 T while accelerator dipole magnets based on LTS will most likely
reach their ultimate performance at about 16 T. Recent progresses in REBa2Cu3O7-x (REBCO, RE =
rare earth) coated conductors (CCs) have paved a way for the development of all-superconducting
magnets capable of generating fields in the range of 30 T, i.e. well beyond the limits of the present
technology. However, the development of REBCO magnets still poses several fundamental and
engineering challenges [1].
In this work, I will present a case study on the development of a REBCO-based field booster. In a
cooperation between University of Geneva and Bruker BioSpin, we designed, constructed and tested
an insert coil able to generate a field increase of 4 T in a background field of 21 T, corresponding to
a generation of a total field of 25 T. The success of the project relied on the control of electromagnetic
[2], electromechanical [3,4] and thermophysical [5,6] properties of REBCO CCs. I will give an
overview of the relevant physical properties of state-of-the-art REBCO CCs and discuss the
implications for the design of high field inserts.

[1] C. Senatore, M. Alessandrini, A. Lucarelli, R. Tediosi, D. Uglietti, and Y. Iwasa, Supercond. Sci.
Technol. 27, 103001 (2014)
[2] C. Senatore, C. Barth, M. Bonura, M. Kulich, and G. Mondonico, Supercond. Sci. Technol. 29,
014002 (2016)
[3] C. Barth, P. Komorowski, R. Tediosi, R. Herzog, R. Schneider, and C. Senatore, IEEE Trans.
Appl. Supercond. 26, 4600609 (2016)
[4] C. Barth, G. Mondonico, and C. Senatore, Supercond. Sci. Technol. 28, 045011 (2015)
[5] M. Bonura, and C. Senatore, Appl. Phys. Lett. 108, 242602 (2016)
[6] M. Bonura, and C. Senatore, Supercond. Sci. Technol. 28, 025001 (2015)
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The route towards interface-assisted molecular spintronics:
from ferromagnetic metals to spin-textured materials
Mirko Cinchetti
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Abstract
One very efficient route to tailor the spin properties of surfaces and interfaces, which was so far
only applied to ferromagnetic metals, is the creation of customized hybrid interfaces between
inorganic and organic materials. The interest in the spin properties of such systems was originally
stimulated by the observation of magneto-resistive effects in spin-valve structures prepared with an
organic-based spacer layer [1]. Today, it is known that the performance of such organic spintronics
devices is mostly determined by the spin-dependent properties of the hybrid interface formed
between the organic molecules and the ferromagnetic electrodes: the so-called spinterface [2].
Crucially, the spin properties of a specific spinterface such as spin polarization, spin filtering, and
coercive field can be in principle tuned by any external stimulus that will either modify the
electronic structure of the organic molecules forming the spinterface, or change the strength of the
interaction between the molecules and the ferromagnetic substrate. This concept was demonstrated,
for example, for doping of the organic molecules with electron donors [3] and for chemical
synthesis of tailored molecules [4, 5].
In this talk I will show that the extreme multi-functionality of organic molecules can be used to
functionalize the spin properties of a more general class of spin-textured materials, opening new
and exciting routes for controlling spin at the atomic scale [6]. In particular, I will present a rational
design approach to customize the spin-texture of surface states of the prototypical topological
insulator (TI) Bi2Se3 [7]. For the rational design we use theoretical calculations to guide the choice
and chemical synthesis of appropriate molecules that customize the spin-texture of Bi2Se3. The
theoretical predictions are then verified in angular-resolved photoemission experiments. We show
that by tuning the strength of molecule-TI interaction, the surface of the TI can be passivated, the
Dirac point can energetically be shifted at will, and Rashba-split quantum-well interface states can
be created. These tailored interface properties – passivation, spin-texture tuning, and creation of
hybrid interface states - lay a solid foundation for interface-assisted molecular spintronics in spintextured materials.
[1]
[2]
[3]
[4]
[5]
[6]
[7]

M. Cinchetti et al., Nature Materials 8, 115 (2009);
S. Steil et al., Nature Physics 9, 242 (2013);
M. Cinchetti et al., Physical Review Letters 104, 217602 (2010);
A. Droghetti et al., Physical Review B 89, 094412 (2014);
S. Müller et al., New Journal of Physics 15, 113054 (2013);
M. Cinchetti, Nature Nanotechnology 9, 965 (2014);
S. Jakobs et al., Nano Letters 15, 6022 (2015).
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Origin of the resistive anisotropy in the electronic nematic phase of BaFe2As2
revealed by optical spectroscopy

L. Degiorgi
Laboratorium für Festkörperphysik, ETH - Zürich, CH-8093 Zürich, Switzerland
The ferropnictides harbor a structural tetragonal-to-orthorhombic transition at Ts that may either
coincides or precedes a transition into a long-range antiferromagnetic order at TN, usually ascribed
to a spin-density-wave state. There is an ongoing debate as to whether the dc anisotropy (both in
the nematic phase (TN < T < Ts) or in the tetragonal phase above Ts in the presence of an external
symmetry breaking field) is primarily determined by the Fermi surface or scattering rate
anisotropy. We measure the in-plane optical reflectivity of BaFe2As2 over a broad spectral range,
covering the energy interval from the far infrared to the ultraviolet, at several combinations of
uniaxial pressure, used to detwin the specimen, and temperature. Our goal is to probe the
anisotropic response in the real part σ1(ω) of the optical conductivity, extracted from the
reflectivity data via Kramers-Kronig transformations. We thus elucidate how the anisotropic optical
metallic response evolves as a function of stress, considered as an external symmetry breaking
field, and across the ferro-elastic structural transition at Ts = TN = 135 K. The infrared response
reveals that the dc transport anisotropy in the orthorhombic antiferromagnetic state is determined
by the interplay between the Drude spectral weight and scattering rate, but that the dominant
effect is clearly associated with the metallic spectral weight (Fig. 1). In the paramagnetic tetragonal
phase, though, the dc resistivity anisotropy of strained samples is almost exclusively due to stressinduced changes in the Drude weight rather (Fig. 1) than anisotropy in the scattering rate. This
result definitively establishes that the primary effect driving the resistivity anisotropy in the
paramagnetic orthorhombic phase (i.e., the electronic nematic state) is the anisotropy of the Fermi
surface [1].

[1] C. Mirri et al., Phys. Rev. Lett. 115, 107001 (2015).

Figure 1: Temperature and stress dependence
of the Drude weight anisotropy
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Anisotropy of transport properties in parent compound BaFe2As2
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Abstract
In iron-based superconductors (FeSC) the parent compounds show antiferromagnetic order and
superconductivity emerges with doping. The proximity of these two regions suggests that
superconductivity might be mediated by magnetic excitations. FeSC parent compounds show
interesting properties from magnetic excitations [1] to multiband nature [2].
All these topics can be tested through electric, thermal and thermoelectric transport. We measured
all electronic, thermal and thermoelectric properties in single crystals of BaFe2As2, both as grown
and annealed.
The high quality of the annealed crystal emerges from magnetoresistivity and Nernst coefficient,
which reveal the high mobility of the carriers.
We succeeded in measuring thermal, electrical and thermoelectrical properties both in and out-ofplane. All the properties exhibit a remarkable anisotropy both in absolute value and behaviour.
Electrical and thermal conductivity show basically the same anisotropy of a factor around 5. On the
other hand, the Seebeck coefficient is different when measured in the two directions both in shape
and sign, indicating that the electron and hole bands contribute in different ways to the transport in
and out of plane. Moreover the field dependence, which characterize the in-plane Seebeck effect in
the antiferromagnetic state and was related to the coupling between carriers and magnetic excitation
[3], is heavily reduced when measured out-of-plane. In addition, the signature of the magnetostructural transition is interestingly sharper in all the out-of-plane properties.
All these features indicate the comparison between in and out-of-plane measurements as a powerful
tool to test the carriers’ behaviour, when coupled or not with any of the system’s excitation. To shed
light on these aspects the experimental data will be compared with ab-initio calculations obtained
using the Boltzmann equation in the paramagnetic and antiferromagnetic regions.
[1] J. Paglione et al., Nat. Phys. 6.9, 645–658 (2010)
[2] P. Richard et al., Phys. Rev. Lett. 104, 137001 (2010)
[3] F. Caglieris et al., Phys. Rev. B 90, 134421 (2014)
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Hardening of the soft phonon in bulk SrTiO3 interfaced with LaAlO3 and
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Abstract
Terahertz (THz) reflectivity measurements on SrTiO3 (STO) crystals covered either by a 10-nmthick metallic film of SrRuO3 (SRO) or by 4-nm-thick films of LaAlO3 (LAO) have been performed
to investigate the effect of a thin conducting layer at the STO surface, and of a two-dimensional
electron system (2DES), on the electrodynamics of bulk STO, in the absence of any static electric
field. We found that, at 10 K, the soft phonon TO1 of STO hardens by about 15 and 7 cm−1,
respectively, with respect to bare STO at the same T. In SRO/STO, the observed hardening can be
predicted by the depolarizing action of the SRO free electrons which follow the ion motion. In
LAO/STO, the TO1 shift could be detected only by patterning the 2DES in form of microstripes
(Fig. 1), and using polarized THz radiation. An indirect effect of the 2DES plasmon could thus be
observed.

Fig. 1 AFM image of a 10 u.c. LAO/STO sample patterned with conductive stripes
(brighter) (a) and AFM profile of the LAO surface (b).
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Interplay of structural, ferroelectric and magnetic properties at the BaTiO3 /
La0.7Sr0.3MnO3 interface
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Abstract
The possibility of controlling magnetic properties through external parameters such as electric field
or structural variations is a fascinating field of research. This can be obtained either by single-phase
multiferroic materials [1] or by artificially combining ferroelectric/piezoelectric and ferromagnetic
materials in multiferroic heterostructures [2].
Our study is focused on the coupling between a BaTiO3 (BTO) single crystal and a La0.7Sr0.3MnO3
(LSMO) epitaxial thin film. BTO ferroelectric exhibiting three distinct structural phase transitions [3],
whereas LSMO films are magnetically sensitive to strain [4] and ferroelectric polarization [5]. In the case
of BTO/LSMO heterostructures, the complex phase diagram of LSMO, with transitions between
ferromagnetism and antiferromagnetism, together with ferroelectric properties of BTO could result
in many fascinating effects.
In our work we have characterized the strain effects of LSMO on BTO layers grown on SrTiO3
(STO) crystals due to the large mismatch between the different materials. Epitaxial thin films have
been deposited by molecular beam epitaxy, with variations of thicknesses and deposition
conditions. Figure 1 shows an example of reciprocal phase map.
An LSMO thin film grown on a BTO single crystal has been studied as a function of temperature
both structurally and electrically, showing metal to insulting transitions in correspondence of the
BTO structural transitions. The magnetism of the LSMO film has been investigated by XMCD,
showing ferromagnetic to paramagnetic transitions at the critical temperatures. The magnetic
behavior of LSMO has been also investigated under applied electric field on BTO crystal.

[1] W. Eerenstein et al., Nature 442, 759 (2006)
[2] J.M. Hu et al., Adv. Mater. 28, 15 (2016)
[3] H. F. Kay et al., Philos. Mag. 40, 1019 (1949)
[4] A. M. Haghiri-Gosnet et al., J. Appl. Phys. 88, 4257
(2000)
[5] X. Hong et al., Phys. Rev. B 68, 134415 (2003).
Figure 1: Reciprocal space map of
BTO/LSMO heterostructure deposited on
STO substrate.
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Disorder in superconductors by isovalent substitution
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Abstract

We present some recent results on cuprates [1,2,3], and iron pnictide superconductors [4,5,6],
where the isovalent substitution of one of the atoms in the complex, layered structure of the
superconductor, leads to surprisingly large variations of the electronic properties. For example in
Y1-xEuxBa2Cu3O6.35 mean (Y,Eu) cation size modulates the Cu(2)O 2 hole density by controlling the
basal Cu(1)O chain length. On top of this, Y-Eu disorder maximally modifies the phase diagram
(top Figure) for maximal disorder (x=0.5). This is
indeed a very moderate, controlled disorder effect. In
contrast FeRu substitution in iron pnictides
influences more drastically the electronic properties.
This fact underlines the presence of several distinct
possible ground states, separated by very small
energy differences in the energy landscape of these
in these unconventonal superconductor materials.
Some of these findings will be briefly reviewed in
the context of our present understanding.
[1] S. Sanna et al Phys. Rev. B, 82, 100503 (2010)
[2] F. Coneri et al. Phys. Rev. B 81, 104507 (2010)
[3] S. Sanna et al., to be published
[4] P. Bonfà et al., Phys. Rev. B 85 054518 (2012)
[5] S. Sanna et al. Phys. Rev. Lett. 107, 227003
(2011)
[6] S. Sanna et al. Phys. Rev. B 87, 134518 (2013)

Figure 1: Y1-xEuxBa2Cu3O6.35. Top: phase
diagram with/without disorder (filled/open
circles) Bottom: the Cu(2)O2 hole density:
calibrated from Cu(1)O chain length and
apparent, deduced from TN, Tc, (open/filled
circles). The apparent deviation (squares) is
really due to disorder.
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Shubnikov-de Haas oscillations in single crystals of SmFeAs(O,F)
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Abstract

The discovery of superconductivity below 26K in fluorine doped LaFeAsO by the group of Prof.
Hideo Hosono 	
   in 2008 represented an exceptional breakthrough in the physics of correlated
materials. Precise	
  knowledge	
  of	
  electronic	
  structures	
  near	
  the	
  Fermi	
  level	
  EF	
  is	
  a	
  prerequisite	
  
for	
   understanding	
   the	
   origins	
   of	
   novel	
   superconductivity.	
   The	
   electronic	
   structures	
   of	
   Iron	
  
Based	
   Superconductors	
   at	
   low	
   energies	
   are	
   rather	
   well	
   established	
   by	
   band	
   structure	
  
calculations	
   ab	
  initio	
   and	
   has	
   been	
   confirmed	
   by	
   angle	
   resolved	
   photoelectron	
   spectroscopy	
  
(ARPES)	
  and	
  other	
  measurements.	
  
A	
   powerful	
   approach	
   to	
   investigate	
   the	
   topology	
   of	
   the	
   Fermi	
   Surface	
   (FS)	
   in	
   high	
   quality	
  
single	
   crystals,	
   is	
   the	
   magnetotransport.	
   Indeed,	
   the	
   longitudinal	
   resistitvity	
   can	
   exhibit	
   the	
  
Shubnikov-‐de	
  Haas	
  quantum	
  oscillations	
  (SdHOs)	
  whose	
  frequency	
  is	
  related	
  to	
  the	
  areas	
  of	
  
extremal	
  orbits	
  around	
  the	
  FS,	
  giving	
  information	
  on	
  the	
  band	
  structure.	
  	
  
Here	
   we	
   present	
   the	
   first	
   observation	
   of	
   SdHOs	
   in	
   FeAs-‐1111	
   family,	
   specifically	
   in	
   single	
  
crystals	
   of	
  the	
   compound	
   SmFeAsO1-‐xFx	
   ,	
   with	
   x=0,	
   0.04	
  	
   (see	
   Figure	
   1).	
   Remarkably,	
   from	
   our	
  
measurements,	
   we	
   obtained	
   quantitative	
   information	
   about	
   the	
   band	
   parameters	
   (effective	
  
mass,	
   scattering	
   time,	
   carrier	
   density)	
   and	
   we	
   compared	
   it	
   with	
   theoretical	
   predictions,	
  
verifying	
  an	
  interesting	
  agreement.	
  
	
  

Figure
1: SdHOs in SmFeAsO single crystal
!
fitted with the Lifshitz-Kosevic function.
Inset: SEM image of the patterned SmFeAsO
single crystal.
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Abstract
Defects and impurities often lead to marked effects on the critical temperature (Tc) and to
significant changes in the phase diagram of the high temperature superconductors. In this study we
focused on the peculiar case of Mn impurities substitution on the Fe site in optimally electron doped
LaFeAsO0.89F0.11 (La1111). In this system a tiny concentration (x=0.2 %) of Mn is enough to
destroy the superconducting state. Muon spin rotation experiments (ZF-µSR) revealed the presence
of a re-entrant magnetic phase in samples at Mn concentrations above the critical one. The magnetic
transition temperature [1,2] rise with increasing Mn content for x>0.2 %, reaching 80 K for x=0.5%
(see Figure 1). Zero field 75As Nuclear Magnetic Resonance (NMR) spectra, measured at
temperatures well below the magnetic transition temperature TN, indicate the presence of the same
collinear stripe (π/a, 0) order also present in undoped LaFeAsO. The relative weight of the Nuclear
Quadrupolar Resonance (NQR) spectrum low frequency peak, measured above TN, markedly
increase with Mn content resulting in spectra which are strikingly similar to those of the underdoped compounds [3], suggesting an increased weight of the localized electron states. Together
with static stripe magnetism also ortorombicity is recovered, as revealed by a shift in the NQR
frequency below TN, which is identical to that observed in LaFeAsO [4]. Also the c axis grows
drammatically with Mn concentration, so that the samples with x=0.5% have rougly the same c axis
of the undoped compound. All these experimental evidences strongly suggest that the introduction
of even a tiny amount of Mn results in a strong localization effect which shifts the optimally
electron doped compound towards the underdoped region of the phase diagram.

[1]
[2]
[3]
[4]

F. Hammerath et al., Phys. Rev. B 89, 134503.
F. Hammerath, al., Phys. Rev. B 92, 020505.
G. Lang et al., Phys. Rev. Lett. 104, 097001.
M. Fu., Phys. Rev. Lett. 109, 247001.
M
SC

Figure 1: Phase diagram of Mn doped
LaFeAsO0.89F0.11. Red: superconducting
phase; blue: magnetic phase.
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E. Piatti1, D. Daghero1, S. Galasso1, G. A. Ummarino1, J. R. Nair1, C. Gerbaldi1, R. S. Gonnelli1,
A. Sola2, C. Portesi2, R. Cristiano3, K. Iida4, T. Hatano4 and H. Ikuta4
1

Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy
2
Istituto Nazionale di Ricerca Metrologica (INRIM), Torino, Italy
3
Istituto di Cibernetica E. Caianiello, Consiglio Nazionale delle Ricerche (CNR), Pozzuoli, Italy
4
Department of Crystalline Material Science, Nagoya University, Nagoya, Japan

Abstract
Electrochemical gating is a technique that is becoming increasingly popular for the study of the
fundamental physics of electronic transport in a wide range of different materials. This is due to its
unique capability to induce large, purely electrostatic modulations of the surface charge density 𝑛𝑛2𝐷𝐷
up to 1015 cm-2 in the active channel of electric-double-layer field-effect devices (EDL-FED). This
large modification of 𝑛𝑛2𝐷𝐷 can even induce superconductivity in insulating materials [1,2] and was
recently employed to demonstrate the true 2D nature of superconductivity in EDL-gated MoS2 [3].
Starting from our experience in EDL gating of gold thin films [4], where we observed 𝑛𝑛2𝐷𝐷
modulations in excess of 4 ⋅ 1015 𝑐𝑐𝑚𝑚−2 and reversible resistivity variations up to 10% at 4 K, we
applied the same technique to thin films of superconductors.
In NbN thin films with thicknesses 𝑑𝑑 ranging between 10 and 40 nm we observed small positive
and negative shifts in the critical temperature 𝑇𝑇𝐶𝐶 (|Δ𝑇𝑇𝐶𝐶 | < 0.1 K) at the change of the gate-voltage
polarity. We found Δ𝑇𝑇𝐶𝐶 to be larger for thinner films. These findings indicate that the modification
of the material’s superconducting properties extends well beyond the electrostatic screening length.
This bulk-like perturbation via surface-confined field effect is nicely explained by taking into
account the proximity effect occurring between the electrostatically doped surface and the
unperturbed bulk volume. A quantitative agreement between the model and the experimental
behaviour of Δ𝑇𝑇𝐶𝐶 with both 𝑛𝑛2𝐷𝐷 and 𝑑𝑑 is found by means of ab-initio DFT and strong-coupling
Eliashberg calculations, which indicates an unexpected increase of the effective screening length to
5 – 6 u.c. at the largest doping levels.
Similar experiments carried out in 10 nm-thick films of optimally P-doped BaFe2As2 result in a
small asymmetric decrease of 𝑇𝑇𝐶𝐶 (|Δ𝑇𝑇𝐶𝐶 | < 0.2 K) for both electron accumulation and depletion.
These results suggest again an important role of proximity effect and underline the large difference
between charge doping and isovalent substitutions in iron pnictides.
[1] J. T. Ye et al., Nature Mat. 9, 125 (2009).
[2] J. T. Ye et al., Science 338, 1193 (2012).
[3] J. M. Lu et al., Science 350, 1353 (2015).
[4] D. Daghero et al., Phys. Rev. Lett. 108, 066807 (2012).
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Abstract
Antiferromagnet spintronics is an emerging frontier for magnetic memories allowing to realize new
generation devices with larger packing density, due to the absence of stray fields with respect to their
ferromagnetic counterparts, and improved robustness versus external magnetic fields [1]. Chromium
has recently emerged as a promising candidate, but the antiferromagnetic functionality at the thin
films level of both metal and oxides have not been demonstrated up to now.
In this contribution, we report on the growth of ultrathin Cr oxide (CrOx) films, about 1 nm thick, on
a BaTiO3/SrTiO3(001) template. The latter, following the experience on Fe/BaTiO3 [2] by the authors,
aims at controlling the CrOx magnetic properties by electric field, thus allowing the electrical control
of the spin configuration. Cr is grown by Molecular Beam Epitaxy at room temperature on a 100 nm
thick BaTiO3 (BTO) film, and followed by post annealing for 30’ in ultra-high vacuum conditions.
At variance with Cr films grown on MgO, that are stable over oxidation up to 873 K, Cr films on
BTO become oxidized after 773 K annealing. In-situ X-ray Photoemission Spectroscopy (XPS) and
ex-situ X-ray Absorption Spectroscopy (XAS) point
towards a Cr3+ oxidation state, as in Cr2O3 (the most
stable chromium oxide, with antiferromagnetic
character). However, in-situ X-ray Photoelectron
Diffraction (XPD) and Low Energy Electron
Diffraction (LEED) suggests a structure of the Cr
oxide different from its known phases, corundum αCr2O3 and defective spinel γ-Cr2O3, with
CrOx[110]//BTO[110]//SrTiO3[110].
Further investigation are in progress to understand
the crystal structure and the magnetic properties of
this CrOx film, in order to discern on its potential
application to antiferromagnet spintronics.
[1] X. Martì, I. Fina, and T. Jungwirth, IEEE Trans.
On Magnetics 51, 4 (2015)
[2] G. Radaelli et al., Nat. Comm. 5, 3404 (2014)

Figure 1: XPD curve of CrOx(1nm) film after
773K annealing along the [110] azimuth of
BaTiO3, indicating a cube-on-cube growth; in
the inset, is reported the XAS spectrum of
CrOx at the L2,3 edges, which suggests a Cr3+

oxidation state.
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Abstract
Transition metal oxide (TMO) quantum wells (QW) have been recently brought to attention by
several scientific works, involving various oxide systems. The quantum confined systems often
show different properties than their bulk constituents; for example SrTiO3 QW embedded in
GdTiO3 show metallic and ferromagnetic properties, while bulk SrTiO3 is a band-insulator[1]. The
complex physics of strongly correlated 3d TMOs allows for creating new states of matter through
manipulation of spin and orbital order, interfacial proximity effects and reduced dimensionality.
Most of the oxide-trilayered systems and a large part of the oxide-superlattice systems studied so far
have shown electron-like related transport properties. The availability of both n and p doped QW is
critical not only to investigate eventual symmetries/asymmetries in their physical behaviors, but
also to allow the design of several ambipolar devices and excitonic systems[2].
We
here
consider
SrMnO3/La0.7Sr0.3MnO3/SrMnO3
(SMO/LSMO/SMO)
and
SrCuO2/Sr0.9La0.1CuO2/ SrCuO2 (SCO/SLCO/SCO) heterostructures with ultrathin central layers of
a metallic compound that has hole (p) or electron (n) carriers respectively. In this case the carriers
in the central layer are confined by the Coulomb attraction to the La3+ ions. In such homometallic
(same transition-metal ion) heterostructures, we can consider such confinement a "soft confinement"
as opposed with systems where the ultrathin film (few unit cells thick (u.c.)) has interfaces with
different transition-metal compounds or with substrate/vacuum.
In both cases the system under study is characterized by an ordering temperature that can be probed
by transport measurements, that is a metal to insulator transition, related to ferromagnetic ordering,
for SMO/LSMO/SMO and superconducting critical temperature for SCO/SLCO/SCO. The samples
have been grown by reactive layer-by-layer molecular beam epitaxy and characterized by x-ray
diffraction and resistivity measurements. For the SMO/LSMO/SMO a metal-insulator transition as
a function of thickness is observed when the LSMO layer is about 5 u.c. thick. For the more 2D
SCO/SLCO/SCO the metal-insulator transition is reached when the SLCO layer is 3 u.c. thick. The
ordering temperature is monitored and all the samples present the ordering transition until the
critical thickness is reached
[1] S. Stemmer and A.J. Millis, MRS Bulletin vol.38 (2013)
[2] A.J. Millis, D.G. Schlom, Phys. Rev. B 82, 073101 (2011)
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Abstract
FERMI is the seeded Free Electron Laser (FEL) facility in Trieste (Italy), operating in the 100–4
nm fundamental wavelength range. Here, we present the TeraFERMI beamline, now in
commissioning, for the extraction of THz light from the FERMI beam-dump section, taking
advantage of THz coherent transition radiation source [1] [2].
The emitted THz pulses are ultrashort, high powerful and broadband (from 0.3 THz to about 12
THz).
Since THz light couples with vibrational, electronic and magnetic excitations of matter, it is
possible for instance to populate the low energy excited states of a system, to control the lattice
inducing ultra-fast structural distortions or to induce the electronic response under giant quasi static
electric fields. In particular, THz pulses will be used as a pump beam for ultrafast non linear
spectroscopy.
The THz pump-IR probe technique can provide useful information on the metal-to-insulator
transition in oxide heterostructures [3].

[1] A. Perucchi et al., Rev. Sc. In. 84, 022702 (2013).
[2] C. Svetina et al., Journal of Synchrotron Radiation 23, 106 (2016).
[3] P. Di Pietro et al., Phys. Rev. Lett. 114, 156801 (2015).
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Abstract
We discuss the transport properties of a disordered two-dimensional electron gas with strong
Rashba spin-orbit coupling. We show that in the high-density regime where the Fermi energy
overcomes the energy associated with spin-orbit coupling, dc transport is accurately described by a
standard Drude’s law, due to a non-trivial compensation between the suppression of back-scattering
and the relativistic correction to the quasi-particle velocity. On the contrary, when the system enters
the opposite dominant spin-orbit regime, Drude’s paradigm breaks down and the dc conductivity
becomes strongly sensitive to the spin-orbit coupling strength. Along with numerical results we
present simple but accurate analytical formulae that could be readily tested in experiments.
Beside being relevant for all systems with strong Rashba coupling, our findings may provide a
suitable tool to test the entanglement between spin and charge degrees of freedom in oxides
interfaces and they hint at the possibility to assess the strength of spin-orbit coupling in a simple
transport measurement. Our results [1] may as well pave the way to new applications that exploit
the tunability of Rashba coupling to control charge transport in strong spin-orbit coupled materials.
Eventually, they may shed new light on the deviations from Drude transport laws observed in
LaAlO3/SrTiO3 interfaces [2].
[1] V. Brosco, L. Benfatto, E. Cappelluti, and C. Grimaldi, Phys. Rev. Lett. 116, 166602 (2016).
[2] C. Bell et al. Phys. Rev. Lett. 103 226802 (2009); M. Ben Shalom et al. Phys. Rev. Lett. 104
126802 (2010); J. Biscaras et al. Phys. Rev. Lett. 108 247004 (2012).
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Abstract

We present a robust tight-binding description, based on the Slater-Koster formalism, of the band
structure of H3S in the Im 3m structure, stable in the range of pressure P=180−220 GPa.[1] We
show that the interatomic hopping between the 3p sulphur orbitals is fundamental to capture the
relevant physics associated with the Van Hove singularities close to the Fermi level. Comparing the
model so defined with density functional theory calculations we obtain a very good agreement not
only of the overall band-structure, but also of the low-energy states and of the Fermi surface
properties. The description in terms of Slater-Koster parameters permits us also to evaluate at a
microscopic level a hopping-resolved linear electron-lattice coupling which can be employed for
further tight-binding analyses also at a local scale.

[1] L. Ortenzi 1,2, E. Cappelluti1,2, L. Pietronero1,2
arXiv:1511.04304v1 (2015).

Figure 1: Comparison between tight-binding
and density functional theory bandstructure
(a), density of states (b) and Fermi surface (c)
and (d).
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Abstract
Superconducting nanofilms have attracted a lot of attention during recent years as an experimental
arena where quantum size effects play a major role [1]. While it is well known that several energy
bands contribute to the overall superconducting energy gap and that geometrically induced shape
resonances can appear in the energy gap as the films’ thickness is modulated [2], less known is the
fact that all individual gap energies are identical or at most one energy gap is different from the
others, the latter case happening around a resonant value of the film thickness. Here we show that it
is sufficient to introduce an intermediate ultrathin insulating layer in order to break the gap
degeneracy and produce different individual gap contributions, hence inducing in the system multigap superconductivity. In addition we find that as the strength of the potential barrier increases, the
energy of the symmetric states is enhanced, which can trigger a resonance in the value of the
superconducting gap. This happens as one of the bands enters the effective energy window of states
contributing to the superconducting pairing. Therefore we obtain a new type of interaction driven
resonance in the superconducting gap. Our results are obtained modeling the superconducting
hetero-structure here considered using an infinite potential well to quantum confine the
superconducting system and a delta function potential barrier is located in the middle of the system
to account for the insulating barrier. We solve numerically the Bogoliubov-de Gennes equations in
the Anderson approximation to evaluate the superconducting ground state properties.

[1] Y. Guo et Al, Science 306, 1915 (2004).
[2] C. J. Thompson and J. M. Blatt, Phys. Lett. 5, 6 (1963).
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Abstract
Graphene Plasmons hold promise of wide applications due to low-losses, tunability and extreme
confinement at the nanoscale, and have been investigate in all sorts of 2 Dimensional nanostructures
and hybrid systems [1]. Three-dimensional Nanoporous Graphene (NPG) has recently been
achieved with a new Chemical Vapor Deposition based fabrication process [2], building graphene
in a 3D configuration (see Fig.1a) while retaining the unique characteristics of mass-less Dirac
fermions with high electron mobility. While NPG is the object of ongoing studies to demonstrated
its application such as energy harvesting electrode [3], little is known about its optical properties. In
this talk we discuss some terahertz and infrared optical conductivity properties of NPG graphene.
The optical conductivity spectra, as in Fig.1b, exhibit, beside the typical interband absorption of
graphene above the threshold of 2EF (chemical potential of the system), i.e. in the near-infrared and
visible part of the spectrum, a strong plasmonic absorption at terahertz (for low-doped samples) and
Mid-Infrared (for EF=250 meV) frequencies. We have shown that these plasmonic excitations
strongly depend on the chemical doping and pore-size of the NPG 3D structure, following the
behavior of 2D Dirac-Plasmons like in 2D graphene [4].
[1] T. Low and P. avouris, ACS Nano 8, 1086
(2014)
[2] Y. Ito, M. Chen et al., Angewandte Chemie 54,
2131 (2015)
[3] F. D’Apuzzo et al., submitted (2016)

Figure 1: a) SEM image of Nanoporous
Graphene with average pore size p=200 nm. b) A
typical Infrared absorption spectrum for a doped
sample shows two absorption features: interband
transitions and a plasmonic peak, at high and low
frequency, respectively.
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Abstract

The extraordinary properties of a single suspended layer of graphene change, sometimes
dramatically, when the number of layers increases considerably or when it is supported or included
as a filler in a polymer matrix. Thus, it is of utmost importance to know and control its properties in
these conditions. In particular, it is highly desirable to investigate the thermal properties at the
nanoscale because it is at this level that they are affected by the interfaces.
Here we show that [1] i) annealing in vacuum at 1700 °C for 1 h strongly reduces the amount of
defects in graphite nanoplates (GNPs), as shown by Raman, XRD, XPS and TGA measurements. ii)
As a consequence, their thermal conductivity considerably increases, as revealed by high resolution
Scanning Thermal Microscopy (SThM) results on individual GNPs supported by SiO2/Si. iii) This
fact is more clearly observed when the GNPs are supported by a less conducting substrate (PET).
iv) Lumped parameter models and finite element analysis are discussed in order to interpret the
results and determine the thermal conductivity and the effect of the substrate. In particular, the
models are tested in a case study of multilayer (1 to 4) CVD graphene [2], suspended or supported
by different substrates like SiO2/Si, PET, Al2O3, etc.
Figure 1 reports some SThM maps: as
the measurable parameter in SThM is
the heater temperature, the more
conducting nanoplates induce a larger
temperature decrease (with respect to
the substrate), than the less conducting
ones. Red masked areas are used for
calculating the average temperature on
the samples.
[1] M. Tortello, S. Colonna, M. Bernal,
J. Gomez, M. Pavese, C. Novara, F.
Giorgis, M. Maggio, G. Guerra, G.
Saracco, R.S. Gonnelli, A. Fina,
Figure 1: SThM maps of GNP (a) and GNP_1700 (b)
submitted
supported by Si/SiO2 and GNP (c) and GNP_1700 (d)
[2] I. Pasternak, A. Krajewska, K.
supported by PET. (e) CVD graphene on SiO2. (f) 4-layer
Grodecki, I. Jozwik-Biala, K. Sobczak,
CVD graphene on SiO2.
and W. Strupinski, AIP Advances 4,
097133 (2014)
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Abstract
High Tc superconducting cuprates are preserving a halo of mystery 30 years after their discovery,
due to their exceptionally complex interplay between electronic, magnetic and lattice degrees of
freedom. The full picture needed for a definitive explanation of their non-conventional high
temperature superconductivity is still missing because the countless experimental techniques used
up to now to characterize their physical properties often are applicable to only a subset of the
known cuprates. For instance, the “fermiology” provided by Angle Resolved Photoelectron
Spectroscopy (ARPES) and its interplay with phonons is not available for the uncleavable YBCO;
and the magnetic spectrum as measured by inelastic neutron scattering is unknown for the BSCCO
family due to the lack of large enough high quality single crystals. Resonant Inelastic X-ray
Scattering (RIXS) at the Cu L3 edge (in the soft x-ray range) is a remarkable exception, in that it
can simultaneously be used to measure orbital excitations (and thus the crystal field strength),
magnons and paramagnons (even in thin and ultrathin films and sub-millimeter single crystals),
phonons (thanks to the much sought electron-phonon coupling), particle-hole excitations (and thus,
potentially, superconducting gap opening) and charge density fluctuations (and their influence on
the other local or collective modes listed above).
I will present a series of very recent and unpublished results obtained with the new ERIXS facility
at the beam line ID32 of the ESRF. The 7 axis sample+analyser device allows a full mapping of
spin-waves in undoped and doped compounds, and the detection of the CDW peak even at optimal
doping. The 30 meV instrumental band-width allows the resolution of several lattice modes and the
study of the q-dependent e-ph coupling. The full polarization control, thanks to the polarimeter
mounted on the spectrometer, dissipate any ambiguities on the magnetic nature of mid-IR
excitations in doped compounds.
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Abstract
High temperature superconductivity in copper oxides is among the most intriguing phenomena
concerning strongly-correlated materials. Cuprates are characterized by a complex Fermi Surface,
where nodal and antinodal quasiparticles display markedly different properties and are thought to
hide the key for understanding the unique properties of cuprate superconductors [1]. Hence,
momentum-resolved spectroscopies constitute the primary tool of investigation for these materials.
Here we combine the unique momentum resolution of ARPES with a non-equilibrium approach to
study the dynamics of quasiparticles over the entire Brillouin Zone of the Y-Bi2212 compound, by
using an ultrafast HHG XUV photon source [2]. For the first time, we map both the nodal and
antinodal excitations, revealing a peculiar transient surplus of positive charge at the antinodes.
Moreover, we study the dynamics of the Mott-like excitations involving O 2p states lying 1.5 eV
below the Fermi level. In cuprates, these high-energy excitations are intertwined with the electronic
properties at the Fermi level [3], and a challenge is to understand how the high-energy physics
associated to Mott-like excitations is involved in the condensate formation. We reveal a long-lasting
dynamics of the O 2p states, that is rationalized within the five-band Hubbard model where holes
interact with the antiferromagnetic background [4]. Finally, we developed a novel approach for
studying via TR-ARPES with high energy and momentum resolution and limited space charge the
quasiparticle dynamics of copper-oxides over their entire Brillouin Zone [5]. This setup will
contribute to a more comprehensive understanding of the relaxation dynamics in cuprate and ironbased superconductors.
[1] C. Smallwood et al, Phys. Rev. B 89, 115126 (2014)
[2] F. Frassetto et al., Opt. Expr. 19, 19169 (2011)
[3] C. Giannetti et al., Nat. Commun. 2, 353 (2011)
[4] H. Ebrahimnejad et al., Nat. Phys. 10, 951 (2014)
[5] F. Cilento et al., J. Electr. Spectrosc. Relat.Phenom. 207, 7 (2016)
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Abstract
High-temperature superconductivity in cuprate materials is achieved by the hole or electron doping
of the parent Mott insulator, thus the study of their phase diagram is of fundamental importance in
order to unveil the underlying electronic mechanisms. In this work electron-doped Nd2-xCexCuO4±d
(NCCO) films have been grown on different substrates through a DC sputtering technique. Since
the normal state can be obtained by controlling the oxygen content inside the crystalline structure
by means of appropriate annealing procedures (that allow a reduction process), various kinds of asgrown non-superconducting films have been obtained with different oxygen content. In any sample
superconductivity has been observed after a suitable combination of thermal treatments in flowing
Argon. The transport measurements have been performed both in the normal and in the
superconducting state, even in the presence of an applied magnetic field. The results obtained on
samples having a different Oxygen content will be presented, and analyzed also in correlation with
the Cerium content.
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YBa2Cu3O7-x Films at Low Temperatures
A. Frolova1, A. Angrisani Armenio2, A. Augieri2, V. Galluzzi2, A. Mancini2, V. Pinto2, L.
Piperno1,2, N. Pompeo1, F. Rizzo2, A. Rufoloni2, E. Silva1, G. Sotgiu1, A. Vannozzi2, G.
Celentano2
1

Università Roma Tre, Dipartimento di Ingegneria, Via Vito Volterra 62, 00146 Rome, Italy
2
ENEA Frascati Research Centre, Via E. Fermi 45, 00044 Frascati, Italy

Abstract
Power applications of high-temperature superconductors (HTS), such as fusion magnets, demand
very strong vortex pinning capable to yield high values of the critical current density (Jc) in high
magnetic fields (H) and low temperatures. With the aim of understanding at microscopic level the
vortex pinning mechanisms at such conditions, the transport properties and angular () dependences
have been studied in nanocomposite YBa2Cu3O7-x (YBCO) films with BaZrO3 (BZO) Artificial
Pinning Centers (APCs), very effective for these purposes [1]-[3], with the standard four-probes dc
technique down to 4.2 K and in magnetic fields up to 12 T. The contributions of isotropic and
correlated pinning mechanisms were evaluated and quantified exploiting the mass anisotropic
scaling law [4], [5] in the Jc -  curves. The effective mass ratio is compared to evaluations from
high-frequency surface impedance measurements Zs(H,).
The samples were grown by Pulsed Laser Deposition (PLD) and Metal Organic Decomposition
(MOD) techniques on SrTiO3 single crystal substrates with different BZO doping concentrations,
up to a maximum doping of 10%.
The effect of APCs was clearly observed in both the J c dependences on H and  in the low
temperature range. The results indicated that BZO particles mainly act as isotropic pinning centres
in MOD samples. Moreover, in PLD samples the temperature and magnetic field range where the
correlated contribution of BZO columnar structure is effective was determined.
The comparison between the results on different kind of films allows to quantitatively define the
contribution of APCs to strong pinning, as well as the H-T region where such contribution is
effective.
[1] J. Gutiérrez et al., Nature Mater. 6, 367 (2007).
[2] N. Pompeo et al., Appl. Phys. Lett. 103, 022603 (2013).
[3] A. Augieri et al., J. Appl. Phys. 108, 063906 (2010).
[4] T. Puig et al., Supercond. Sci. Technol. 21, 034008 (2008).
[5] L. Civale et al., IEEE Trans. Appl. Supercond., 15, 2808 (2005).
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YBa2Cu3O7-x (YBCO) film grown by metal organic decomposition (MOD) is a promising
candidate for high performance HTS wires. Moreover, artificial pinning centres (APC) inclusions
improve the current transport performance of the films both in high magnetic fields and
temperatures.
In this work we investigate two different pinning strategies: BaZrO3 (BZO) nanoinclusions grown
via MOD together with the superconducting film, and La0,67Sr0,33MnO3 (LSMO) nanoislands
grown in a preliminary step via polymer assisted deposition (PAD) and then used as substrate for
the deposition of YBCO via MOD.
We thoroughly analyze the properties of YBCO thin films with different BZO mol. percentage
deposited on SrTiO3 single crystals obtained from a low fluorine 0.2M coating solution.
Morphology and crystalline structure of superconductor films were deeply investigated by using
scanning electron transmission, and atomic force microscopies, X-ray and X-ray photoelectron
spectroscopy.
Superconducting properties, assessed through electrical and magnetic analyses, were evaluated at
different temperatures (from 10 K to 85 K), magnetic field directions and intensities (0-12 T).
LSMO solutions were prepared with different concentration and deposited on different substrates
(SrTiO3, Y2O3 stabilized ZrO2, MgO) via PAD. The as obtained samples were characterized via
AFM and XRD. Selected samples then acted as substrate for the growth of the superconducting film
of YBCO via pulsed laser deposition (PLD). Preliminary results revealed good YBCO structural
and superconductive properties defining this method as promising for the realization of YBCO
films with improved vortex pinning properties.
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Novel Ba doped graphene reconstruction
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Abstract

In this work, starting by experimental results, we investigate through Density Functional
Theory (DFT) calculations the electronic and structural properties of Ba doped graphene
grown on two different substrates. We investigate the role of the substrate in determining the
electron-phonon coupling. Graphene is growth on Ni(111) substrate and then intercalated
with Au or Ge monolayers, respectively . We first demonstrate that the intercalation process is
able to detach graphene from the substrate recovering the linear Dirac bands characteristic of
the free-standing graphene and discuss the differences in the doping level produced by the
two substrates.
Subsequent deposition of barium induces a p(2 × 2) reconstruction for both substrates, but
with different adsorption site for barium. To the best of our knowledge, this is the first time in
which the p(2 × 2) phase is observed for barium doped graphene. Indeed, in the bulk bariumintercalated graphite (BaC6) the stable phase is the p(√3x√3) − R30° [1, 2] and DFT
calculations predicts it is also stable for the free-standing monolayer.
Interestingly, no ordered structure is observed for identically prepared alkali and Ca-doped
monolayer on Au [3, 4].
We show that the adsorption pattern of dopants is decisive for the resulting electronic band structure
and related many-body effects. In addition, we calculated by first-principles the electron-phonon
coupling for the E2g modes at the Γ-point for the Ge- and Au- intercalated systems showing that
different substrates behave in different ways: Ge substrate leads to a slightly higher charge transfer
to graphene and an higher and more asymmetric electron-phonon coupling.

[1] D. Guerard et al.: Synthetic Metals 3, 45-19 (1981).
[2] M. S. Dresselhaus and G. Dresselhaus: Advances in Physics 30 (1981).
[3] D. Haberer et al.: Phys. Rev. B 88, 081401 (2013).
[4] A. V. Fedorov et al.: Nat. Commun. 5 (2014).
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Title: Large gap electron-hole superfluidity and shape resonances
in coupled graphene nanoribbons
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Abstract
Cooper pairs of electrons and holes in separated layers of a solid state heterostructure are expected
to form a superfluid at high temperatures. It has been predicted that by employing atomically thin
crystals such as a pair of adjacent bilayer, or few-layer, graphene sheets, equilibrium superfluidity
of electron-hole pairs should be achievable for the first time. The transition temperatures are well
above liquid helium temperatures [1,2].
Here, we propose a new graphene device to observe superfluidity and we predict enhanced electronhole superfluidity in two coupled electron-hole armchair-edge terminated graphene nanoribbons
separated by a thin insulating barrier [3]. In contrast to graphene monolayers, the multiple subbands
of the nanoribbons are parabolic at low energy with a gap between the conduction and valence
bands, and with lifted valley degeneracy. These properties make screening of the electron-hole
interaction much weaker than for coupled electron-hole monolayers, thus boosting the pairing
strength and enhancing the superfluid properties. The pairing strength is further boosted by the
quasi one-dimensional quantum confinement of the carriers, as well as by the large density of states
near the bottom of each subband. The latter magnifies superfluid shape resonances caused by the
quantum confinement [4,5]. Several superfluid partial condensates are present for finite-width
nanoribbons with multiple subbands. We find that superfluidity is predominately in the stronglycoupled BEC and BCS-BEC crossover regimes, with large superfluid gaps up to 100 meV and
beyond. When the gaps exceed the subband spacing, there is significant mixing of the subbands, a
rounding of the shape resonances, and a resulting reduction in the one-dimensional nature of the
system.
[1] A. Perali, D. Neilson, and A. R. Hamilton, Phys. Rev. Lett. 110, 146803 (2013).
[2] M. Zarenia, A. Perali, D. Neilson & F.M. Peeters, Scientific Reports 4, 7319 (2014).
[3] M. Zarenia, A. Perali, F.M. Peeters & D. Neilson, Scientific Reports 6, 24860 (2016).
[4] A. Perali, A. Bianconi, A. Lanzara, and N.L. Saini, Solid State Comm. 100, 181 (1996).
[5] A. Bianconi, A. Valletta, A. Perali, N. L. Saini, Physica C 296, 269 (1998).
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Ultra slow reverse saturable absorption of graphene oxide dispersions
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Abstract

There is increasing interest in manipulating the intensity and shape of laser pulses in a number of
advanced optical technologies using nonlinear optical (NLO) materials. There are two main classes
of materials with nonlinear absorption: (i) saturable absorbers, which give increased transmittance
at high optical intensities or fluences, and are useful for pulse compression, Q-switching and mode
locking; and (ii) optical limiters, which give decreased transmittance, and are useful not only for
pulse shaping and mode locking, but also for the protection of eyes and sensor focal-plane arrays.
Significant progress has been made over recent decades with large NLO responses, particularly in
carbon-based materials and recently, suspensions of graphene and graphene oxides (GO) have also
been shown to give broadband optical-limiting characteristics [1]. These observations were ascribed
to nonlinear scattering arising from the formation of solvent bubbles and microplasmas, to two
photon or to excited-state absorption mechanisms.
Here we show for the first time reverse nonlinear absorption of GO sheets dispersed in water due to
their thermal diffusion with slow dynamics (Soret effect) [2]. The GO sheets are attracted by the
laser light up to their aggregation into clusters and thus increasing light absorption. A characteristic
transmittance curve and a picture are reported below.
[1] Geok-Kieng Lim et al., Nature Phot. 5, 554 (2011)
[2] N. Ghofraniha et al., Phys. Rev. Lett. 102, 038303 (2009)

Figure 1: Transmittance and picture of
thermophoresis induced NLO.
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BKT transition in thin superconducting films and artificial nanostructures
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Abstract
Despite its age, the Bereznskii-Kosterlitz-Thouless (BKT) [1] transition is still object of great
interest for its topological nature and criticality, but above all for its applicability to a wide class of
phenomena, mostly related to the superfluid or superconducting (SC) transition in two dimensions.
Instead of the usual vanishing of the order parameter, the transition is driven by topological vortex
excitations, leading to the universal jump of the superfluid-density of carriers. Yet, this hallmark is
rather elusive in SC films, essentially because of: (i) the presence of quasiparticle excitations, that
limits the observation of the BKT effects to a small temperature range; (ii) the screening effect due
to charged supercurrents, that modifies the logarithmic interaction between vortexes needed to
observe BKT physics. The latter can be avoided reducing the thickness of the SC films below the
Pearl length, but it also implies that the observation of BKT physics is restricted to samples near to
the superconductor-to-insulator transition (SIT), where several additional features must be
considered. In particular, as shown by tunneling spectroscopy measurements [2], these ultrathin SC
films present an intrinsic inhomogeneity of the SC properties, which leads to a significant smearing
of the superfluid-density jump predicted by the conventional BKT theory[3,4,5]. This effect is
apparently at odd with the standard expectation that disorder is irrelevant on the BKT transition,
according to the Harris’ criterium. In order to better understand the nature of this smearing and the
optical properties of these systems in continuity with [6,7], we have performed numerical
simulations of the classical two-dimensional XY model with different kinds of quenched disorder.
We have observed that, fixing the size of the lattice, the superfluid-density jump becomes broader
only when the inhomogeneity induced by disorder generates non-trivial space structure, responsible
for quantum glassiness. The enhanced sensitivity to the finite size of the system is discussed in
connection to recent observation of the finite-size effects induced by finite-frequency measurements
[5] in ultra thin films.
[1] J.M. Kosterlitz and D.J. Thouless, J. Phys. C.: Solid State Phys. 6 1181 (1973)
[2] B. Sacepe et al., Nat. Phys. 7 239 (2011)
[3] M. Mondal et al. Phys. Rev. Lett. 107, 217003 (2011)
[4] J. Yong et al., Phys. Rev. B 87, 184505 (2013).
[5] R. Ganguly eta al. Phys. Rev. B 91, 054514 (2015).
[6]T. Cea et al., Phys. Rev. B 89 174506 (2014)
[7]I. Maccari et al., Eur. Phys. J. B (2016) 89: 127
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1

Abstract
The behaviour of electrons and holes in a crystal lattice is a fundamental quantum phenomenon, accounting for a rich variety of material properties. Boosted by the remarkable
electronic and physical properties of two-dimensional materials such as graphene and
topological insulators, transition metal dichalcogenides (TMDs) have recently received
renewed attention. In this context, the anomalous bulk properties of semimetallic WTe2 have
attracted considerable interest. Recently it was found that WTe2 exhibits extremely large
uniaxial magnetoresistance along the crystallographic c-axis [1], attributed to a balanced
electron-hole resonance, and it was further predicted to realize the first Weyl-II type quantum
phase [2].
In this talk we report first-principles calculations and angle- and spin-resolved photoemission spectroscopy measurements on WTe2 [3], through which we provide clear evidence that
the electronic properties of WTe2 display a layer-dependent evolution from surface to bulk,
that is, it cannot be considered a priori as a non-interacting 2D-layered system. The balance
between the hole and electron states, representing one of the crucial conditions for the nonsaturating magnetoresistance in this system, is established only beyond finite number of
layers (three) and maintained in the bulk. This consideration provides a fundamental input
for future exploitation of TMDs in general, and WTe2 in particular, in devices and
heterogeneous interfaces. Moreover, the Weyl properties of WTe2 are presented, and
compared with the one of strained HgTe, the most famous topological insulator. In fact,
recently HgTe has been theoretically predicted to be an ideal Weyl semimetal under
compressive strain, and in this talk we will show new results that shed more light on the
interplay between topological properties and Weyl states [4].
[1] Ali, M. N. et al., Nature 514, 205208 (2014).
[2] A. A. Soluyanov et al., Nature 527 495 (2015).
[3] P. K. Das, D. Di Sante et al., Nat. Commun. 7,
10847 (2016).
[4] to be published

Figure 1: ARPES spectra and DFT bands
with and without Spin-Orbit Coupling.
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Abstract
Iron chalcogenides gathered significant attention in the last years due to their high magnetic field
transport properties. Due to these characteristics, several studies have been carried out on the
FeSexTe1-x system, mainly focused on the relationship between structure and superconductivity.
The material synthesis is usually carried out by means of a multi-step high temperature solid state
reaction between the elements, eventually followed by melting of the thermally obtained pellets.
Others synthesis approaches have also been investigated, without leading however to significant
improvements with respect to the traditional methodologies.
In this work, an innovative synthesis approach is developed. The method consists in a
mechanochemical pre-activation treatment of the reacting elemental mixtures, followed by a low
temperature thermal treatment of the milled powders. The process is characterized in its different
material development stages, evaluating the phase composition of the reacting solid system by
means of X-Ray diffraction. To evaluate the thermal behaviour different thermoanalytical
techniques (TPD, DSC and TGA) are employed.
The obtained materials have been studied in their superconducting properties, and the results are
here reported.
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Abstract
The stability in the flux flow state is one of the issues which can determine if a given
superconductor could be an interesting technological material. In type II superconductors, like High
Temperature (HTCS) or Iron Based (IBS), the voltage stability in current bias mode above the
critical current, Jc, is directly related to the stability of the moving Abrikosov vortices. It is well
known that the vortices may become unstable at large driving forces, giving rise to the so-called
Flux-Flow Instability phenomenon (FFI), i.e., an abrupt transition from the superconducting to the
normal state, which is manifested by a steep jump in the current-voltage characteristic (CVC). Thus,
it is clear that the FFI is of paramount importance for applications, since it can strongly compromise
the high-current-carrying capability of any superconducting device. The FFI can be triggered by
either thermal or electronic mechanisms. In both cases, there is a close relation between the trigger
mechanism and the quasiparticle energy relaxation processes, so that the FFI can be used as a tool
to investigate superconducting fundamental properties [1]. Here, we report the experimental
observation of the flux-flow instability in an iron-based superconductor, namely, in Fe(Se,Te) thin
films [2-4]. Our theoretical analysis and experimental data suggest that this instability is determined
by an intrinsic electronic mechanism, which coexists with a non-negligible contribution from
extrinsic Joule self-heating effects. Morevover, we take a closer look to the relation between the
pinning properties of the material voltage stability.
[1] A. Leo et al., Phys. Rev. B 84, 014536 (2011)
[2] A. Leo et al., Supercond. Sci. Technol. 28, 125001 (2015)
[3] A. Leo et al., Phys. Rev. B 93, 054503 (2016)
[4] A. Leo et al., IEEE Tans. Appl. Supercond. 26, 8001104 (2016)
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Determination of temperature dependent local atomic displacements in
ammonia intercalated iron selenide superconductor
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Abstract
Recently, ammonia-thermal reaction has been used for molecular intercalation in layered FeSe,
resulting a new Lix(NH3)yFe2Se2 superconductor with Tc~45 K [1]. Here, we have used
temperature dependent extended x-ray absorption fine structure (EXAFS) to investigate local
atomic displacements in single crystals of this new superconductor. Using polarized EXAFS at Fe
K-edge we have obtained direct information on the local Fe-Se and Fe-Fe bondlengths and
corresponding mean square relative displacements (MSRD). We find that the Se-height in the
intercalated system is lower than the one in the binary FeSe, suggesting compressed FeSe4
tetrahedron in the title system. Incidentally, there is hardly any effect of the intercalation on the
bondlengths characteristics, revealed by the Einstein temperatures, that are similar to those found in
the binary FeSe. Therefore, the molecular intercalation induces an effective compression and
decouples the FeSe slabs. Furthermore, the results reveal an anomalous change in the atomic
correlations across Tc, appearing as a clear decrease in the MSRD, indicating hardening of the local
lattice mode. Similar response of the local lattice has been found in other families of
superconductors, e.g., A15-type and cuprates superconductors. This observation suggests that local
atomic correlations should have some direct correlation with the superconductivity [2].

[1] M. Burrad-Lucas et al, Nat. Mat 12, 15 (2012).
[2] E. Paris et al, Scientific Reports, submitted (2016).
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Abstract
Iron-chalcogenides superconductors, especially in the form of thin films, can undergo to aging
when subject to unprotected environmental conditions, with a consequent degradation of their
superconductive properties. The understanding of the effects of aging is, therefore, important in
view of practical applications. Investigations of thin films of FeSe and FeSe 0.5Te0.5, in their pristine
form and after long aging in protected environment, are reported. The materials were deposited
using a pulsed laser deposition system from a FeSe 0.5Te0.5 and a FeSe polycrystalline pellets, and
patterned in the form of microstrips by means of a metallic mask during the deposition. The pristine
films showed a superconducting transition temperatures (T c) ranging from 9 to 12 K for FeSe and
near 17 K for FeSe0.5Te0.5, and an overall metallic behavior above Tc.
After several months in low humidity and low pressure environment, the samples showed a
different behavior. The superconductive transition was no longer present, at least for temperatures
above 8 K, and an overall larger resistivity was observed, with a characteristic upturn for
temperatures lower than Tmin = 50 K (for FeSe).
The nature of the resistivity upturn was investigated by means of low-frequency noise spectroscopy.
The intrinsic noise properties showed an unusual bias current dependence of the 1/f noise
component in the low-temperature region below T min, with a clear change from a quadratic to a
linear dependence. This finding has been associated to nonequilibrium universal conductance
fluctuations, that are considered as the distinctive feature of weak-localization effects [1]. This
indicates the presence of aging induced scattering centers in the material. Moreover, a peak of the
1/f noise amplitude was also observed in the temperature region near 100 K, where a change of the
structural properties has been found in iron-chalcogenide superconductors.
[1] C. Barone et al., Scientific Reports 5, 10705 (2015)
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Abstract
A2Ru2O(1)6O(2) pyrochlores display a wide range of chemico-physical properties also useful for
specific applications, like metal-insulator as well as spin-singlet transitions. Ruthenium can be
either in the 4+ or 5+ oxidation state promoting good electro-catalytic properties and a remarkable
electrochemical behaviour at temperatures as low as 350 °C, making these systems promising as
intermediate temperature solid-oxide fuel cells cathodes. Y2Ru2O7 is characterized by an
antiferromagnetic (AF) phase transition at TN ~ 77 K. A spin-glass-like behaviour is suggested by a
large zero field (ZFC)-field cooled (FC) deviation in magnetic susceptibility. We have performed
extended X-ray absorption fine structure measurements (EXAFS) founding evidence of a
significant magnetoelastic coupling at TN. We noticed also the occurrence of a never observed
before local order-disorder structural phase transition at T* = 150 K [1]. We have also studied the
magnetic, electrical and structural properties of the A-doped Y2-xZnxRu2O7 systems in the doping
range 0.00<x<0.20 [2]. Magnetization and muon spin relaxation measurements show that the AF
transition typical of the undoped compound is slightly broadened in the doped samples. EXAFS
measurements give evidence for a strong magnetoelastic coupling and a local precursor orderdisorder transition at T* > TN up to x = 0.10. DC conductivity data reveal a sizeable decrease in
resistivity after Zn2+ doping and X-ray photoemission spectroscopy measurements point out that a
fraction of Ru atoms corresponding to the nominal doping level acquires the 5+ valence state
consistently with the absence of oxygen vacancies in Y2-xZnxRu2O7.
[1] C. Castellano, G. Berti, S. Sanna, R. Ruiz-Bustos, J. van Duijn, A. Brambilla, Á. Muñoz-Noval,
P. Carretta, L. Duò, F. Demartin, Phys. Rev. B 91, 224101 (2015)
[2] G. Berti, S. Sanna, R. Ruiz-Bustos, J. van Duijn, A. Brambilla, Á. Muñoz-Noval, F. Demartin,
L. Duò, and C. Castellano, RSC Adv. 5, 100809 (2015)
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Abstract

The properties of strongly correlated transition-metal oxides (TMOs) with significant spin-orbit
coupling (SOC) present a challenging problem. Strong SOC is known to deeply impact the
magnetic state of a TM within a t2g manifold in a TMO6 octahedron by changing the character of
the multiplet state, as it has been intensively studied for the case of the reduction of the magnetic
state of Ir4+ to an effective Kramers doublet with j=1/2 in iridates[1].
Corresponding effects in an eg manifold have rarely been considered. Magnetism in eg TMOs is
usually associated with spin degrees of freedom, due to the conventional wisdom that the eg
subshell ensures a perfectly quenched orbital moment. From this viewpoint, heavy transition metal
oxides containing TMO4 tetrahedra are of great interest, since crystal field (CF) splitting leads to
partially filled orbitals in the eg manifold.
Here we consider the Mott-insulating limit in the case of eg1 configuration, and analyze the role of
the interplay between strong Hubbard interaction, large SOC strength and orbital/lattice coupling of
the TMO4 tetrahedron, in determining the magnetic phase. In particular, we derive an effective
model that describes the magnetic exchange coupling- fully incorporating the CF splitting, atomic
SOC and Hund's coupling- and single-ion anisotropy terms due to the virtual inclusion of t2g
orbitals. Our analysis demonstrates that, as a consequence of unquenched orbital magnetism, the
resulting magnetic phase deviates from a conventional fixed s=1/2 Heisenberg antiferromagnet, to
an extent that crucially depends on the relative ratio between SOC and CF parameters, thus
challenging the conventional wisdom that local moments are robust against small perturbations in a
Mott insulator.
[1] D. Pesin and L. Balents, Nat. Phys. 6, 376 (2010)
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Abstract
The simple manganite with composition La0.7Sr0.3MnO3 (LSMO) exhibits a transition from a high
temperature paramagnetic phase to a low temperature ferromagnetic phase at around 360 K. This
feature makes LSMO an interesting material for the development of spintronic devices or new
sensors. Here, we will discuss some applications of MicroElectromechanical Systems (MEMS)
such as microbridges (MB) and microcantilevers entirely made of thin epitaxial LSMO films [1,2].
Due to the low thermal dissipation of freestanding regions, MB can be easily heated at high
temperature by an applied current bias through Joule effect. The non-linear behaviour of the R(T) in
LSMO is responsible for bistable phenomena leading to the existence of two possible resistance and
thermal states in specific temperature ranges [1]. The LSMO MB can also be rapidly and reversibly
heated in pure oxygen environment up to their complete fusion. However, if heating occurs in low
oxygen pressure, creation of oxygen vacancies within the microbridge takes place, shifting the
transition temperature, and the MB shows electrical memory retention behaviour [2]. These
phenomena can be applied for studying memristive effects in oxide materials and for bolometric
applications. Freestanding structures can also be put into mechanical oscillation by proper
excitation. This open perspectives for the development of mechanical sensors with these materials,
where the observed changes of mechanical behaviour can be correlated to intrinsic material
properties or interactions with external fields such as local magnetic fields. The complete electricalthermal and mechanical characterization of such systems is the first step for the realization of more
complicated devices employing heterostructures of crystalline oxide materials having targeted
functionalities.
[1] V. Ceriale et al. J. Appl. Phys. 115,
054511 (2014).
[2] N. Manca et al. Appl. Phys. Lett. 106,
203502 (2015).
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Figure 2: Optical microscope image in reflected
light of typical LSMO suspended microstructures:
cantilever with thickness of 300 nm on the left,
double clamped microbridge with thickness of
100 nm on the right. Lighter areas are
freestanding.
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Magnetic properties of CoO/Fe(001) with controlled interfacial properties
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Abstract

Intriguing magnetic properties can be obtained in systems containing antiferromagnetic (AF)
transition metal (TM) oxides both by low-dimensionality and by proximity to ferromagnetic (F)
layers. So far, we have investigated both chemical [1] and magnetic [2] properties of a rich record
of AF/Fe (NiO, CoO) layered structures [3]. One of the most critical issues concerning the
interfaces between TM mono-oxides and a reactive TM is the high degree of chemical mixing at the
interfaces [1]. Exploiting a metastable Co buffer layer, we have recently succeeded in obtaining a
CoO/Fe interface free of any Fe oxide [4]. Such samples are, intriguingly, also characterized by a
dislocation-driven nanostructuration of CoO, which grows in square islands whose lateral sizes
(tens of nanometers) increase with coverage (see, e.g., Fig. 1) [4]. On such samples we observe, by
magneto-optical Kerr effect (MOKE), a relevant uniaxial anisotropy induced in a thick Fe film by
tiny amounts of deposited CoO. Such a magnetic behavior was further investigated by performing
element specific hysteresis loops by X-ray Magnetic Circular Dichroism (XMCD), and by
magnetization-induced second harmonic generation (MSHG), revealing that the source of the
magnetic anisotropy resides indeed at the very interface. Ongoing magnetic X-PEEM
measurements will provide further insight on the role of the different magnetic components in
determining the occurrence of the magnetic anisotropy. The experimental results will be discussed
in the light of their importance in tailoring the magnetic properties of low-dimensional F/AF
interfaces.
[1] A. Picone, M. Riva, A. Brambilla, A. Calloni, et al., Surf.
Sci. Rep. 71, 32 (2016).
[2] M. Finazzi, A. Brambilla, P. Biagioni, et al., Phys. Rev.
Lett. 97, 097202 (2006).
[3] M. Finazzi, L. Duò, and F. Ciccacci, Surf. Sci. Rep. 64,
139 (2009).
[4] A. Brambilla, A. Picone, D. Giannotti, M. Riva, et al.,
Appl. Surf. Sci. 362, 374 (2016)

Figure 1: STM image (about 150
nm x 100 nm) of 7 ML CoO/Co/Fe
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Nanoscale Superconductive Memories
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Abstract
Energy efficiency is a key issue for modern high performance computing. Today's level of
superconductive digital electronics has already demonstrated superior performances in terms of
speed and energy dissipations. However there are still important open issues, such as the realization
of effective sub-micron scale gates and memories and which are the real lower limits of achievable
power dissipation. Superconducting nanowires are the heart of state of the art single photon
detectors. The same technology has been used to realize three-terminal active devices. Basic
amplification and logic functionalities have been already demonstrated, but the potential capabilities
of this technology have not been explored to their full extend. In particular, the potential
combination of electro-thermal and magnetic coupling, is an important perspective for the
realization of nanoscale memories. In this work several possible nanowire memory configurations
are proposed. In particular hybrid superconductive/magnetic and other latching type of nanostructures have been considered. Each configuration has been investigated with the specific goal of
realizing reliable and high speed read and write operations. Physical models of the device dynamics,
in terms of the spatial distribution of electron and phonon temperatures, and of superconducting and
normal current densities, have been built and studied through numerical simulations. Also the
interaction with the bias and read/write circuit has been considered to compute the overall logic
level operation of the devices. The relevant devices parameters have been optimized with respect to
the materials choice and to the technological fabrication and measurement constraints.
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Transition-Edge Sensors: superconductivity for photon detection
M. Rajteri, L.Lolli, E. Taralli, and E. Monticone
Nanoscience and Materials Division, INRIM, Torino, Italy
Abstract
Superconducting devices can be applied to detect low power light signals and even single photons.
Superconducting Tunnel Junctions (STJ), Transition-Edge Sensor (TES), Superconducting
Nanowire Single-Photon Detectors (SNSPD) and Microwave Kinetic Inductance Detectors (MKID)
have shown single photon detection capability with different performances.
In this work the results obtained at INRIM with TESs are summarized. TESs are detectors based on
the sharp transition between the superconducting and the normal state of a thin film that acts as light
absorber; they are so sensitive to detect single photons with intrinsic energy resolution. This
capability allows to resolve the number of incident photons (at fixed wavelength) making TESs
photon-number resolving (PNR) devices. This property is very important in a growing number of
applications as f.i. quantum optics and quantum metrology.
At INRIM, TESs based on Ti/Au films have been developed with different techniques. Ti/Au is a
structure commonly used in metallization of electronic devices and easy to reproduce, besides by
changing the Au thickness fundamental parameters as recovery time and working temperature can
be tuned.
Ti/Au bilayer structure with active area of 10 µm x 10 µm, thickness of 90 nm and critical
temperature of 106 mK [1] shows an intrinsic energy resolution of 0.113 eV at 1570 nm, with a
response time of 3.8 µs. TESs with active area of 20 µm x 20 µm allow to reach an high saturation
energy and are able to count up to 29 photons at telecom wavelength, with a response linear up to
15 photons. To obtain faster TESs it is necessary to work at higher temperatures (300-450 mK) and
with active area of 1 µm x 1 µm it is possible to obtain a τetf of about 150 ns, with a still very good
energy resolution of 0.12 eV [2], but the small area poses problems with the quantum efficiency of
the detector that are object of research.

[1] L. Lolli et al., Appl. Phys. Lett. 103 041107 (2013).
[2] C. Portesi et al., IEEE Trans. Appl. Supercond. 25 2101004 (2015).
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Quantum-accurate waveform synthesis with pulse-driven Josephson junctions
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Abstract
Pulse-driven array of Josephson junctions allow the synthesis of arbitrary voltage signals with very
high spectral purity up to the megahertz range. Indeed, driving the array with trains of sub-nanosecond
pulses, instead of the sinusoidal rf signal used in traditional voltage standards, makes it possible to
modulate the rf period while keeping junctions phase-locked over a wide range of frequencies.
The desired waveform is encoded into a pattern of digital bits through ADC delta-sigma conversion
techniques. A pulse generator is used for the transmission of the pulse pattern to the array:
fundamental accuracy follows from the control of the magnetic flux quanta transferred through the
junctions by each pulse.
We present preliminary results obtained in tests of waveform synthesis with arrays of overdamped
Josephson junctions with niobium as superconductor element. Unipolar sine waves at 1÷1.5 kHz and
amplitudes ranging up to tens of millivolts have been generated in both liquid helium bath and
cryocooler setup at temperature around 5 K.
The advantage of cryocooled operation is related to the loading effects of cables when the frequency
of the output signal increases: indeed cryocoolers offer the opportunity to reduce the cable length.
Nevertheless, some specific effects related to the different thermal conditions with respect to liquid
helium must be taken into account for proper cryogen-free operation of pulsed standards. In
particular, to overcome undesirable thermal links, a special coaxial cable is employed for pulse
transmission, that can be shorter than in liquid helium probes nearly by a factor of two. It is also
useful to use an inner-outer dc-block at the end of the coaxial cable for thermal insulation of the array,
though we have to re-inject in the array the low-frequency component of the high-speed signal
through the dc lines.
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Spin-resolved angular-resolved photo-emission spectroscopies experiments
on epitaxial Bi2Se3 thin films grown Pulsed Laser Deposition
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Abstract
Topological insulators Bi2Se3 thin films with (0001)-orientation have been grown by Pulsed Laser
Deposition on both (111)-SrTiO3 and (0001)-Al2O3 substrates. The effects of the substrate temperature
(ranging from 270°C up to 400°C) on the structural properties of the Bi2Se3 films have been investigated.
The growth at low substrate temperature (Ts =290°C) provides the Bi2Se3 crystalline phase, as demonstrated
by x-ray diffraction (XRD) investigation. In order to perform Spin and Angle-Resolved Photo-Emission
Spectroscopy (SARPES) experiments, the samples surface quality have been checked by mean of in-situ
Low-Energy Electron Diffraction (LEED). Bi2Se3 thin films grown on (111)-STO substrates have been
found not well ordered in the surface plane; even though the LEED image does show the hexagonal in-plane
coordination, the six spots appear very broad with a bright connecting ring. However, Bi2Se3 thin films
grown on (0001)-Al2O3 sapphire substrates do show both a single crystalline (000l) orientation and a unique
ordered phase in the plane parallel to the substrate plane. Indeed, the LEED pattern does show sharp
diffraction spots in hexagonal coordination with no sign of a bright ring connecting them.
Spin-resolved and conventional ARPES experiments on the topological surface state of Bi2Se3 thin
films, in-situ transferred directly from the PLD growth chamber, were performed by using synchrotron
radiation. ARPES band dispersion of the Bi2Se3 thin films show a single Dirac cone, fingerprint of the
topological surface states, centered at the Γ point. The spin-resolved spectra with the respective polarization
are ascribed to the corresponding points of the k-space. Opposite spin polarization for opposite momenta
have been found, confirming the fingerprint of the topological surface states, whose spin helical texture is
strictly linked to the crystal momentum in the topological surface state.

Figure captions – a) Picture of the plume during the Bi2Se3 deposition; b) XRD q-2q spectra of a bare STO substrate (red), and Bi2Se3 thin films
grown at 400°C (blue), 330°C (red) and 290°C (magenta), respectively; c) Azimuthal phi-scans of an optimized Bi2Se3 thin film grown on Al2O3
substrate; d) LEED pattern of an optimized Bi2Se3/Al2O3 thin film; e) ARPES data of Bi2Se3/Al2O3 thin film band dispersion that shows the
characteristic Dirac cone surface state; f) spin-resolved results on Bi2Se3 thin film showing the opposite spin polarization for opposite momenta.
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Strong Correlation Effects in Topological Quantum Phase Transitions
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Abstract
Topological Quantum Phase Transitions (TQPT) are characterized by changes in global topological
invariants. These invariants classify quantum systems beyond the conventional paradigm of local
order parameters. For noninteracting electrons, it is well understood that such transitions are
continuous and always accompanied by a gap closing of the energy gap, as long as the symmetries
protecting the topological phase are preserved.
However, the recent progress in engineering or predicting non-trivial topological states in heavyelements compounds, pushed the attention to the effects of large electronic interaction in
Topological Insulators (TI).
Here, we demonstrate that a sufficiently strong electron-electron interaction can fundamentally
change the conventional portrait of TQPT: we uncover a topological transition of first-order
character in the genuine thermodynamic sense occurring for strong enough interaction. Our
theoretical study reveals the existence of a quantum critical endpoint, associated with an orbital
instability, on the transition line between either 2D or 3D (strong) TI and a trivial band insulator.
Following the evolution of the transition line we show that the conventional paradigm of continuous
TQPT breaks down in presence of interaction: The change of the topological invariants takes place
without energy gap closing and without breaking of any of the symmetries underlying the nontrivial phase.
[1] A. Amaricci, J. C. Budich, M. Capone, B. Trauzettel and G. Sangiovanni, Phys. Rev. Lett. 114,
185701 (2015)
[2] A. Amaricci, J. C. Budich, M. Capone, B. Trauzettel and G. Sangiovanni, arXiv:1603.04263
(2016)
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Understanding the Transport Properties
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Abstract
Recently, ZrTe5 has been matter of renewed interests and debates since it has been proposed
alternatively as a 3D Dirac semimetal [1], a prototype of weak topological insulator [2] or a
topological insulator in proximity of a topological phase transition [3].
However, in spite of these novel studies and models some fundamental questions concerning the
large positive thermopower at room temperature and its sign switching at T*≈160 K [4], where the
resistivity reaches its maximum[5], remain unexplained.
Here, by using Angle Resolved Photoelectron Spectroscopy (ARPES) in the time domain we have
been able to unveil the origin of the anomalous transport properties along with the possibility of
manipulating the transport properties of the material in the ultrafast time scales [6].
Furthermore, Ultra Violet (UV) and Soft X-ray (SX) ARPES have revealed the behaviour of the
band structure dispersion of this material. These novel results have been used to benchmark abinitio fully relativistic calculations, showing the clear dependence of the electronic structure upon
the interlayer distances, as measured by X-ray diffraction (XRD).
These findings, combined with scanning tunneling spectroscopy (STS) data suggest that ZrTe5 has
all the characters qualifying the strong topological insulators [7].
[1] Qiang Li et al., Nature Physics (2016), doi:10.1038/nphys3648.
[2] R. Wu et al., arXiv:1601.07056 (2015)
[3] H. Weng et al., Physical review X 4, 011002 (2014).
[4] T. E. Jones et al., Solid State communications 11, 793 (1982).
[5] E. F. Skelton et al., Solid state communications 42, 1 (1982).
[6] G. Manzoni et al., Phys. Rev. Lett. 115, 207402 (2015).
[7] G. Manzoni et al., submitted to Phys. Rev. Lett. (2016).
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Size control of charge-orbital order and orbital-selective Mottness in nanoscopic
La-doped Manganites
A. Valli1,2, H. Das3, G. Sangiovanni4 , K. Held5 , and T. Saha-Dasgupta6
1

Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali (CNR-IOM), Trieste, Italy
2
Scuola Internazionale Superiore di Studi Avanzati (SISSA), Trieste, Italy
3
School of Applied and Engineering Physics, Cornell University, Ithaca, USA
4
Institute for Theoretical Physics and Astrophysics, University of Würzburg, Würzburg, Germany
5
Institute for Solid State Physics, Vienna University of Technology, Vienna, Austria
6
S. N. Bose National Centre for Basic Sciences, Kolkata, India
Abstract
The half-doped La0.5Ca0.5MnO3 (LCMO) manganite exhibits both charge- and orbital-order (CO)
below TCO=155K accompanied to a structural change from orthorombic to monoclinic. The
insulating CO state can be destabilized by varyous mean, including doping, pressure, and electromagnetic fields. Higly debated experimental evidence [1] suggest that the destabilization of the CO
can also be achieved upon size reduction. In order to clarify this scenarion, we perform calculations
within the framework of ab-initio density functional theory in combination with dynamical meanfield theory (DFT+DMFT) which are able to deal with bulk and nano-manganites on the same
footing. We establish that the DFT+DMFT interplay between the structural changes that follow
upon size reduction and the electronic correlations leads to the weakening of the CO and trigger an
insulating-to-metal transition. [2] We also show that the effects of nanostructuring are very different
from those of hydrostatic pressure (at the same % of volume reduction) and that nano LCMO is
much closer to the Mott state than bulk LCMO under pressure. [2]
Further reducing the LCMO size to a few nm, quantum confinement effects come into play and lead
to the opposite effect, enhancing charge and orbital order. Moreover, electron doping by means of
an external gate voltage is found to trigger a site- and orbital-selective Mott transition. [3] Our
results suggest that LCMO nano-clusters could be employed for the realization of technological
devices, exploiting the proximity to the Mott transition and its control achieved by size-engineering
and electrostatic doping.
[1] T. Sarkar et al., Phys. Rev. B 77, 235112 (2008); T. Sarkar et al., Appl. Phys. Lett. 92, 123104
(2008).
[2] H. Das, G. Sangiovanni, A. Valli, K. Held, and T. Saha-Dasgupta, Phys. Rev. Lett 107, 197202
(2011).
[3] A. Valli, H. Das, G. Sangiovanni, T. Saha-Dasgupta, and K. Held, Phys. Rev. B 92, 115143
(2015).
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High dose effects by synchrotron radiation nanobeams: a novel non-destructive
patterning technique for Bi2Sr2CaCu2O8+δ and possibly for other oxides
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Abstract
X-ray lithography relies on the traditional approach based on photoresist impression and
subsequent etching and has already shown the potential to achieve resolutions down to about 20
nm, although not in the case of electrical devices. Here we report on the effects of high-dose X-ray
irradiation on the superconducting oxide Bi2Sr2CaCu2O8+δ (Bi-2212), which has resulted into a
novel direct-writing patterning method for this material that takes advantage of synchrotron
radiation and avoids any resist or etching stage [1].
Selected areas of Bi-2212 microcrystals have been exposed to a 17.7 keV pink beam with a spot
size of about 50×50 nm2 and a flux of 1-5×1011 ph/s. The irradiated regions were designed to force
the current along the c-axis across a stack of intrinsic Josephson junctions, similarly to what is
commonly obtained with a Focused Ion Beam. I-V curves of the patterned crystals clearly show the
typical behavior of intrinsic Josephson junctions, confirming that the delivered radiation dose was
enough to locally turn the material into a non-superconducting state. SEM observation shows that
no material has been removed and only some local volume expansion can be observed. X-ray nanodiffraction frames collected at the irradiated areas show the presence of the usual Bi-2212 peaks
along with a new feature compatible with the formation of a Bi2O3 polycrystalline phase that does
not appear in the non-irradiated regions. Our proof-of-concept device suggests that in principle this
patterning method can be extended to other oxide materials. Preliminary trials on another
superconducting oxide (YBa2Cu3O7-δ) have already given positive results. Possible advantages of
this method can be represented by improved
mechanical stability, higher thermal conductivity,
absence of chemical contamination and of
vacuum/oxide interfaces, and in potential higher
steepness of the patterned structures due to the high
penetration of X-rays.

[1] M. Truccato et al., Nano Lett. 16, 1669 (2016).

2 μm
Figure 1: Two non-destructive trenches
patterned in a Bi-2212 microcrystal.
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Abstract
High Tc superconductivity has been recently revealed at the CaCuO2/SrTiO3 interface. STEM/EELS
measurements have demonstrated that, in this heterostructure, the hole doping is obtained via
oxygen ions uptaking in the Ca plane of CaCuO2 (CCO) at the interface with the TiO2 plane of
SrTiO3 (STO). This extra oxygens incorporation is achieved during the growth at strongly oxidizing
conditions and allows the occurrence of a superconducting phase with maximum Tc about 40 K [1].
A detailed hole doping spatial profile has been obtained by STEM/EELS at the O K edge: the hole
concentration decays rapidly by moving within the CCO far from the interface with STO, and
becomes almost negligible after about two CCO unit cells (two CuO2 planes). So that, CuO2 planes
after the second are strongly underdoped and probably undoped and antiferromagnetic. Given the
particular structure of the CCO/STO interface, these results can be extended to multilayered high Tc
cuprates, which can be schematized as a sequence of natural interfaces between an insulating block
with “infinite layers” (IL) structure, as CCO, and a charge reservoir (CR) block, similar to the
CaOx (0<x<1) plane in CCO/STO heterostructure. A possible explanation of the behavior of Tc as a
function of the number of CuO2 planes in multilayered cuprates will be discussed.
Also the possibility to obtain superconductivity in heterostructures containing CCO and other
oxides with perovskite strucuture will be reported.

[1] D. Di Castro, C. Cantoni, F. Ridolfi, C. Aruta, A. Tebano, N. Yang, G. Balestrino, Phys. Rev.
Lett. 115, 147001 (2015)
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Mesoscopic disorder and intrinsic charge instability
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Abstract
Oxide interfaces, like LaAlO3/SrTiO3 or LaTiO3/SrTiO3 (LXO/STO) heterostructures,
are known to host a 2D electron gas (2DEG) which is metallic and can be driven superconducting at
low enough temperatures.
While the simultaneous presence of Rashba Spin-orbit coupling (RSOC) and superconductivity
(SC) makes this conducting layer a promising place to look for Majorana bound states or other
topological non trivial phases [1], experiments in LXO/STO heterostructures indicate that the
2DEG and the resulting superconducting state are inhomogeneous on the nanoscopic scale [2].
This feature could strongly affect the ground state topological properties, a deep understanding of
which can be achieved once the microscopic mechanisms underlying this inhomogeneous ground
state are found.
In our work we propose and investigate a scenario of electronic phase separation based on Rashba
spin-orbit coupling [3] and/or electrostatic electron confinement at the interface [4], as a possible
origin for the observed inhomogeneous character of LXO/STO ground state.
Our model not only provides an intrinsic mechanism for the observed inhomogeneity, but also
predicts a local variation of the RSOC, which could result in other nontrivial topological phases [5].
[1] V. Mazziotti, et al., in preparation.
[2] S. Caprara, et al., Phys. Rev. B (Rapid
Communications) 88, 020504(R);S. Caprara, D.
Bucheli, N. Scopigno, N. Bergeal, J. Biscaras, S.
Hurand, J. Lesueur, and M. Grilli, Superc. Sc.
and Tech. 28, 014002 (2015); D. Bucheli, S.
Caprara, and M. Grilli, Superc. Sc. and Tech. 28,
045004 (2015).
[3] S. Caprara, F. Peronaci, and M. Grilli, Phys. Rev. The phase diagram at T=0 for the
back/top gated LXO/STO as a function
Lett. 109, 196401 (2012);
D. Bucheli, M. Grilli, F. Peronaci, G. Seibold, and S. of the electron density. The quantum
critical point QCP is marked in red.
Caprara, Phys. Rev. B 89, 195448 (2014).
[4] N. Scopigno, D. Bucheli, S. Caprara, J. Biscaras,
N. Bergeal, J. Lesueur, and M. Grilli, Phys. Rev.
Lett. 116, 026804
[5] P. Gentile, M. Cuoco, C. Ortix, Phys. Rev. Lett. 115, 256801.
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Abstract
Among the high-temperature superconductors (HTS) Tl-cuprates stand out due to their very high
critical temperatures and upper critical fields. In particular TlSr2Ca2Cu3Ox (Tl(1223)) with a Tc of
about 120 K, very high Hc2 and Hirr, and moderate anisotropy is a promising material for the
realization of a low surface resistance coating for the FCC beam screen. The main function of the
beam screen is intercepting the synchrotron radiation emitted by the beam, while the SC coating
should shield the AC field generated by the bunches of charged particles moving through the
accelerator. The screen has to be kept at a temperature around 50 K, due to considerations related to
vacuum stability and overall energy efficiency, and it is exposed to the dipole magnetic field of
16 T. Among the known HTS, the extensively studied YBCO can work under these conditions, but
its deposition requires complex processes, and performing it on the inside of a tube would require
significant modifications of the fabrication process. Tl(1223) can be grown textured on pure silver
by much simpler and cheaper techniques, and has the additional advantage of a potentially lower
surface resistance. The feasibility of using this material for coatings suitable for the FCC beam
screen is currently being explored by CNR-SPIN, TU Wien, and CERN in a joint project.
[1] D. Larbalestier, A. Gurevich, D. M. Feldmann
and A. Polyanskii, Nature 414, 368-377 (2001)
[2] E Bellingeri, R E Gladyshevskii, F Marti,
M Dhallé and R Flükiger, Superconductor
Science and Technology 11, 810 (1998)

Figure 1: FCC beam screen working point
compared to typical irreversibility fields for
various materials. Data from [1, 2]
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HTS DC transmission and distribution
as an enabler for increased penetration of renewable generation
Antonio Morandi and Massimo Fabbri
University of Bologna, Dept. of Electrical, Electronic and Information Engineering, Bologna, Italy
High voltage DC transmission of bulk power is today a viable alternative or complement to AC
transmission since it offers several advantages including reduced costs, losses and footprint,
especially for long distances. DC operation is also receiving an increasing attention at the medium
(MV) and the low (LV) voltage level due to the need of flexible and cost effective integration of
renewable energy generation and storage. Furthermore, several large power loads in industry or IT
sector require low voltage DC supply for their operation. And on board DC distribution at low
voltage is also considered as an effective means for reducing fuel consumption in the transportation
sector. In essence, after one century of AC exclusive for electricity transmission and distribution,
coexistence of DC is started and will increase in the future driven by the progress in power
electronics.

A total synergy exists between DC transmission and distribution and High

Temperature Superconductor technology since negligible losses occur during DC operation. This
means that the efficiency of DC power cables can be drastically increased, especially in the cases
where the operation at very high DC current is required. Further advantages are the extremely
compact size and the possibility to operate at lower voltage. A great research effort has been carried
out in recent years for the development of DC HTS cables as they are regarded as key components
to strengthen competiveness and penetration of DC transmission and distribution technology.
The advantages of using HTS cables for DC transmission and distribution are quantitatively
investigated in this contribution. The DC connection systems for an offshore wind park with a 360
MW peak power capacity in 50 km distance from the shore is considered as a case study. A method
for evaluating the loss and the cost of DC HTS cables is developed. The comparison between
conventional and HTS connections systems is carried out in terms of overall energy loss in a full
year. The economical comparison is also discussed in detail. It is shown that HTS DC connection
offers reduced losses and is cost competitive with respect to AC connection system based on
today’s quotation of HTS material.
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Analysis of the tests of the superconducting Cable in Conduit Conductors for the
ITER project
M. Breschi
Department of Electrical, Electronic and Information Engineering, University of Bologna, Italy
Abstract
The International Thermonuclear Experimental Reactor (ITER) is designed to be the world’s largest
experimental facility for controlled thermonuclear fusion. Its main goal is to demonstrate the
scientific and technological feasibility of fusion power for peaceful energy purposes. The
superconducting magnet systems of the ITER tokamak will include Nb3Sn based conductor in the
18 Toroidal Field (TF) coils and in the 6 Central Solenoid (CS) modules. NbTi-based conductor
will be used in the 6 Poloidal Field (PF) coils, the 18 Correction Coils (CC), the Main Bus-bars
(MB) for the TF, CS and PF feeders, and the Corrector Busbars (CB) for the CC feeders. The tests
of the Cable in Conduit Conductors (CICCs) for the ITER Project were performed in the SULTAN
facility in Villigen, Switzerland. The tests were aimed at investigating the DC and AC performance
and stability issues of these conductors, by measuring their current sharing temperatures, ac losses
and quench energies in relevant conditions for the machine operation. This work reviews the main
results obtained in these tests and describes the analyses performed to investigate the behavior of
the CICCs for the ITER Project by means of multiphysics numerical codes.
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From ITER to DEMO: how the lessons learnt in the analysis of the cooling of
the ITER superconducting magnets could help in the design of the DEMO
magnet system
R. Bonifetto1, L. Savoldi1, R. Zanino1
1

NEMO Group, Energy Department, Politecnico di Torino, Italy

Abstract
The confinement of the high-temperature plasma in nuclear fusion devices requires high magnetic
fields, produced by superconducting (SC) coils carrying several tens of kA. The most common
design adopted so far, for existing experiments (e.g., KSTAR, EAST) as well as for new devices in
operation / construction (e.g., ITER, W7-X, JT-60SA), uses low temperature superconductors
(mostly Nb3Sn and NbTi) wound relying on the cable-in-conduit conductor (CICC) concept: the SC
strands encapsulated in a conduit (the jacket) are cooled to their operating temperature (~4.5 K) by
forced-flow supercritical helium circulated by dedicated cryogenic circuits. If needed, a central,
low-impedance channel contributes to the reduction of the pressure drop along the CICC (see Fig.
1a). In the past 20 years, the thermal-hydraulic modeling has followed the development of the SC
coils from the sub-size CICC to the full-scale magnets, including the refrigeration of the supporting
structures. The computational tools and models have
then evolved to cover the space and time multi-scale
nature of the normal and off-normal operative
conditions of the magnets.
The ongoing design of the magnets for future fusion
power plants (e.g. the European DEMO), which is also
(a)
(b)
considering innovative solutions with respect to the
ITER magnets (see Figs. 1b-d), should benefit from the
lessons learnt in the extensive analysis of the ITER
magnets cooling performed so far. The numerical tools,
for instance the 4C code [1], purposely developed and
validated in the past several years, should drive the
(c)
design of the cooling of the DEMO magnet system.
The key elements, influencing the evolution of the
nominal and accidental conditions for the ITER
magnets, should be carefully considered in as early as
(d)
possible stage for DEMO; among them, a realistic
Figure 1: Cross-section of: (a) ITER
estimation of the nuclear load and the set of constraints CSMC conductor [courtesy of ITER], (b) a
induced by the cooling in closed loops are described superconducting HTS CICC for DEMO
here.
[courtesy of ENEA], (c) ENEA [courtesy
[1] L. Savoldi Richard et al., Cryogenics 50, 167
(2010).

of ENEA] and (d) SPC [courtesy of SPC]
proposals for DEMO TF conductors.
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Test results of the DEMO TF conductor designed by ENEA

V. Corato1, A. della Corte1, A. Di Zenobio1, L. Muzzi1,2, S. Turtù1,2, P. Bruzzone3, K. Sedlak3, B.
Stepanov3, R. Wesche3
1
2

ENEA, C.R. Frascati, Italy
ICAS S.c.r.l., Frascati, Italy
3
SPC, Villigen, Switzerland

Abstract
In the framework of the European DEMO project, several approaches have been proposed for the
design of the Toroidal Field (TF) magnets. A rectangular Wind & React Nb3Sn conductor (WR1)
was designed by ENEA to meet the requirements of the 2014 DEMO TF coil and winding pack
configuration [1], i.e. to operate at 81.7 kA in an effective field of about 13 T, and up to a
temperature of at least 6.5 K. A sample of such Cable in Conduit Conductor has been manufactured
[2] and recently tested in the EDIPO facility, Switzerland.
DC tests were performed at different values of magnetic field, current and temperature, in order to
explore the conductor operating limits. The sample showed no degradation with electro-magnetic
(e.m.) loading cycles, but rather an increase of the performances. The current sharing temperature
after the e.m. and warm-up/cooldown cycle is of 6.95K and 7.17K for the left and right leg,
respectively, corresponding to an effective strain between -0.56% and -0.51%.
The test also included the AC loss measurements in virgin state and after applied electromagnetic
loads (at nominal field and current). The value of losses is constant with cycles, confirming a
mechanical stiffness of the cable, which prevents from changes in the pattern of contacts among
strands.
The good stability of the conductor with e.m. cycles can be ascribed to the low void fraction
(<26%) and the long twist pitch cable configuration in a rectangular shape [3].

[1] L. Muzzi, https://idm.euro-fusion.org/?uid=2L2W6Z (March 2015)
[2] L. Muzzi and A. Di Zenobio, https://idm.euro-fusion.org/?uid=2MA95F (May 2015)
[3] A. della Corte et al., Supercond. Sci. Technol. 23, 045028 (2010)
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Defects, Disorder, and Strong Electron Correlations
in Orbital Degenerate, Doped Mott Insulators
Adolfo Avella1,2,3, Andrzej M. Oleś4,5, and Peter Horsch4
1

Dip. di Fisica “E.R. Caianiello,” Univ. degli Studi di Salerno, I-84084 Fisciano (SA), Italy
2
CNR-SPIN, UoS di Salerno, I-84084 Fisciano (SA), Italy
3
Unità CNISM di Salerno, Università degli Studi di Salerno, I-84084 Fisciano (SA), Italy
4
Max-Planck-Institut für Festkörperforschung, D-70569 Stuttgart, Germany
5
Marian Smoluchowski Institute of Physics, Jagiellonian Univ., PL-30348 Kraków, Poland
Abstract

We elucidate the effects of defect disorder and e-e interaction on the spectral density of the defect
states emerging in the Mott-Hubbard gap of doped transition-metal oxides, such as Y1−xCaxVO3. A
soft gap of kinetic origin develops in the defect band and survives defect disorder for e-e interaction
strengths comparable to the defect potential and hopping integral values above a doping dependent
threshold; otherwise only a pseudogap persists. These two regimes naturally emerge in the
statistical distribution of gaps among different defect realizations, which turns out to be of Weibull
type. Its shape parameter k determines the exponent of the power-law dependence of the density of
states at the chemical potential (k − 1) and hence distinguishes between the soft gap (k ≥ 2) and the
pseudogap (k < 2) regimes. Both k and the effective gap scale with the hopping integral and the e-e
interaction in a wide doping range. The motion of doped holes is confined by the closest defect
potential and the overall spin-orbital structure. Such a generic behavior leads to complex
nonhydrogenlike defect states that tend to preserve the underlying C-type spin and G-type orbital
order and can be detected and analyzed via scanning tunneling microscopy.
[1] A. Avella, A.M. Oleś, P. Horsch;
Defects, disorder, and strong electron
correlations in orbital degenerate, doped
Mott insulators;
Phys. Rev. Lett. 115, 206403 (2015).
[2] A. Avella, P. Horsch, A.M. Olés;
Defect states and excitations in a Mott
insulator with orbital degrees of freedom:
Mott-Hubbard gap versus optical and
transport gaps in doped systems;
Phys. Rev. B 87, 045132 (2013).
Figure: (a) Y1−xCaxVO 3 lattice with a random distribution
of Ca defects. (b) A Ca defect in the center of a cube
made of 8 V ions. The related hole is confined to move
along a vertical bond. The occupied orbitals and spin
states obey C-AF spin and G-AO order. (c) The LHB and
the high-spin (HS) and low-spin (LS) states of the UHB.
The defect states D are located within the MH gap. (d)
The contributions of the active bond and spectator sites.
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Disorder-driven metal-insulator transitions in deformable lattices
D. Di Sante1,2 , S. Fratini3, V. Dobrosavljevic´4 and S. Ciuchi1,5
1

Institute of Physics and Astrophysics, University of Würzburg, Würzburg, Germany
2
Consiglio Nazionale delle Ricerche (CNR-SPIN), L’Aquila, Italy
3
Institut Néel-CNRS and Université Grenoble Alpes, Grenoble, France
4
Department of Physics and National High Magnetic Field Laboratory, Florida State University,
Tallahassee, Florida 32306, USA
5
Consiglio Nazionale delle Ricerche (CNR-ISC), Roma, Italy

Abstract
We show that in presence of a deformable lattice potential, the nature of the disorder-driven metalinsulator transition (MIT) is fundamentally changed with respect to the non-interacting (Anderson)
scenario. For strong disorder, even a modest electron-phonon interaction is found to dramatically
renormalize the random potential, opening a mobility gap at the Fermi energy. This process, which
reflects disorder-enhanced polaron formation, is here given a microscopic basis by treating the
lattice deformations and the Anderson localization effects on the same footing. We identify an
intermediate ”poor conductor” transport regime which displays resistivity values exceeding the
Mott-Ioffe-Regel limit and with a negative temperature coeffcient, as often observed in strongly
disordered metals. The solution of this long-standing experimental puzzle is found in revealing
significant temperature-induced rearrangements of electronic states, due to enhanced interaction
effects in the vicinity of the disorder-driven MIT.
[1] D. Di Sante and S. Ciuchi, Phys. Rev. B 90,
075111 (2014).
[2] Y. F. Nie, D. Di Sante, S. Chatterjee, P. D. C.
King, M. Uchida, S. Ciuchi, D. G. Schlom, and
K. M. Shen, Phys. Rev. Lett. 115, 096405
(2015)
[3] D. Di Sante, S. Fratini, V. Dobrosavljevic and S.
Ciuchi, arXiv:1604.07816 (2016)

Figure 1: Metal-insulator transition (MIT,
bold line) and the precursor polaronic
transition (dotted). The shaded area
corresponds to the ”bad insulating” behavior
seen in transport . The inset shows the effects
of phonon quantum fluctuations on the MIT.
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Superfluid density in underdoped cuprates: a gauge approach
P.A. Marchetti1, G. Bighin1
1

Dipartimento di Fisica e Astronomia, Università di Padova e INFN, Sezione di Padova
Abstract

The superfluid density ρs of hole-doped cuprates for moderate underdopings exhibits features
whose combination does not allow for a simple explanation. The well-defined gapped Fermi arcs
seen with ARPES and the linear T-dependence of the superfluid density ρs (T) near T=0 hint at a
BCS-like low-energy dynamics for the holes. However such a description is at odds with the critical
exponent 2/3 at Tc [1] and the intriguing Uemura [2] linear relation (ρs (T=0)∝Tc): these last two
features could be reproduced by a 3D XY-like theory. We show that a solution is provided by a
gauge approach developed in [3], based on a t-J model, relying on a composite nature of the hole.
The hole in our approach is a composite of a spin (spinon) and a charge (holon) excitation, bound
together by the gauge interaction originated from the no-double occupation constraint, with a
different choice of the excitations w.r.t. the standard slave-boson approach, suggested by 1D results.
The gluing force of the charge-pairing mechanism is a BCS-like attraction between spin vortices
surrounding holons in different Néel sublattices.
Within this description a spinon-holon interplay solves the aforementioned puzzle: the critical point
properties are determined by the spinons, whose dynamics is 3DXY-like, while the Fermi surface is
determined by the holon BCS-like part of the theory. The superfluid density for moderate
underdopings is dominated by the spinon contribution, according to a summation rule of the IoffeLarkin [4] type, due to the gauge interaction. Our model [5] fits rather accurately normalized
superfluid density data [6] as function of T/Tc for various materials, see Fig. 1, from moderate
underdopings to almost optimal doping. The universal critical exponåent 2/3 and the dopinguniversality of normalized superfluid density are also reproduced; an approximate Uemura relation
is analytically derived.

[1] S. Kamal et al. Phys. Rev. Lett. 73, 1845 (1994)
[2] Y.J. Uemura, Phys. Rev. Lett. 62, 2317 (1989)
[3] P.A. Marchetti et al., Phys. Rev. B 84, 214525
(2011)
[4] L. Ioffe and A. Larkin, Phys. Rev. B 39, 8988
(1989).
[5] P.A. Marchetti and G. Bighin, Europhys. Lett.
110, 37001 (2015); arXiv:1602.08936.
[6] T. Jacobs et al., Phys. Rev. Lett. 75, 4516
(1995); C. Panagopoulos et al., Phys. Rev. B 60,
14617 (1999); see also [5] and references therein.
Figure 1: Normalized superfluid density as a
function of T/Tc: theory vs. experiments.
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The role of Hund’s coupling in the correlations and the nematicity of
iron superconductors
Laura Fanfarillo1 , Gianluca Giovannetti1,Massimo Capone1 and Elena Bascones2
1

International School for Advanced Studies (SISSA/ISAS) and CNR-IOM, Via Bonomea 265,
I-34136, Trieste, Italy
2
Instituto de Ciencia de Materiales de Madrid, ICMM-CSIC, Cantoblanco, E-28049 Madrid, Spain
Abstract
Understanding the nature and strength of correlations in iron superconductors is key to unveil
the nature of the superconducting, nematic and magnetic instabilities that appear in the phase
diagram of these systems. Due to their multi-orbital character, correlations in iron
superconductors are strongly affected by Hund’s coupling.
For a long time there has been a strong controversy on the nature of correlations induced by
Hund’s coupling and its relation to Mott physics. While some authors describe Hund metals as
strongly correlated systems which are not in proximity to a Mott insulating state, others have
described iron superconductors as doped Mott insulators. We show [1] that the atomic spin
polarization, promoted by Hund's coupling, induces strong correlations, without necessary
leading to an increase in the localization of total charge. Indeed, in some cases the polarization
may even promote itineracy.
Then I will discuss our recent results [2] about the role of Hund’s coupling in the nematicity of
iron superconductors, with special emphasis on the case of FeSe. In particular, we find that the
Hund’s coupling induces anisotropies at the symmetry points in the electronic band structure via
strong nematic responses in the quasiparticle weights. These results, in agreement with
photoemission and optical experiments, suggest a new mechanism that could explain the origin
of the anisotropic properties of iron superconductors.
[1] L. Fanfarillo and E. Bascones, Phys. Rev. B 92, 075136 (2015).
[2] L. Fanfarillo, G. Giovannetti, M. Capone, E. Bascones, in preparation (2016).

Wednesday September 21 - Session 16

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

Anomalous Josephson Effect in proximized Quantum Spin Hall edge states
F. Dolcini1, M. Houzet2,3, J. S. Meyer2,3
1
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2 Univ ~Grenoble Alpes, INAC-SPSMS, F-38000 Grenoble, France
3 CEA, INAC-SPSMS, F-38000 Grenoble, France

Abstract
The interplay between superconductivity and topological edge states is currently on the spolight in
condensed matter physics, for both conceptual and applicative reasons. We shall discuss the effect
of a magnetic field on the current-phase relation of a topological Josephson junction realized by
depositing two conventional superconductors on a Quantum Spin-Hall bar, where helical states
propagate at the edges of an insulating bulk. A Zeeman field applied along the spin quantization
axis of the helical edges is predicted to give rise to an anomalous Josephson current that flows even
in the absence of superconducting phase difference. Such anomalous Josephson effect arises from
the interplay between the helical nature of the edge states and the proximity effect, and is a
signature of topological superconductivity. It will be shown that, while the dependence of the
anomalous Josephson current on the applied Zeeman field is different in the short and long junction
limits, its response at a weak magnetic field is a universal constant. Finally we shall discuss the
observability of the effect in suitably designed hybrid structures exposed to an in-plane magnetic
field.
[1] F. Dolcini, M. Houzet, and J. S. Meyer, Phys. Rev. B 92, 035428 (2015)

Figure 1: A Josepshon junction realized by depositing two superconductors on a quantum spinHall bar. An anomalous Josephson effect is predicted to occur when applying a parallel
Zeeman 9ield.
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Poisoning of superconductivity by Mn-induced spin localization and clustering
in LaFe1-xMnxAsO0.89F0.11
G. Allodi1, R. De Renzi1, M. Mazzani1, M. Moroni2, S. Sanna2, P. Carretta2, Y. Kobayashi3, M. Sato3
1
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2
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Abstract
Substitution of magnetic impurities in high temperature superconductors is well known to decrease
their TC till the eventual suppression of superconductivity at typical doping levels in the order of a
few percent. In optimally electron doped LaFeAsO0.89F0.11 (La1111), however, the superconducting
phase is destroyed by substituting Mn to Fe in a concentration as low as 0.2%, above which a
magnetically ordered ground state is found in its place [1-3]. The poisoning effect of Mn impurities
on superconductivity, along with the appearance of a re-entrant magnetic phase, suggest a
mechanism in La1111 different from pair breaking by Kondo-like electron scattering.
We report on a study on LaFe1-xMnxAsO0.89F0.11 (x=0.002, 0.005) by means of 55Mn, 75As and 139La
NMR. The 55Mn signal was detected at low temperature in an applied field B ext ≥ 1T in both
samples. The 55Mn spectra exhibit well resolved resonance peaks over the 190-310 MHz frequency
range (≈ 18-30 T hyperfine field) and increases in intensity with increasing external field up to B ext
approx 3-4 T, at which the integrated amplitudes saturate to values compatible with all Mn nuclei
participating in these resonances.
The large internal field at 55Mn and the field-induced character of the 55Mn signal indicate a large
localized magnetic moment of the Mn impurities and their belonging to a metamagnetic phase
whose magnetic order is stabilized by the applied field. A 75As minority signal with similar
characteristics, namely, a large transferred hyperfine and the same metamagnetic field dependence,
was also found in the samples. Its saturation amplitude is estimated as ≈ 3% of total 75As in the
x=0.005 compound. Besides the latter, the majority of 75As and 139La nuclei exhibit very similar
spectra as in undoped LaFeAsO, indicating a similar spin density wave in the parent and in the
majority volume fraction of Mn,F doped compounds.
The picture emerging from the various nuclear probes is therefore that of nanoscopic clusters of
large localized spins, also made of several Fe ions surrounding the dilute Mn impurities. The
dressing of Mn spins by Fe ions in a high spin state might lead to an enhanced scattering cross
section of the impurities, whence their poisonous effect on superconductivity.
[1] F. Hammerath et al., Phys. Rev. B 89, 134503 (2014).
[2] M. Sato et al., J. Phys. Soc. Jpn. 79, 014710 (2010).
[3] E. Satomi et al., J. Phys. Soc. Jpn. 79, 094702 (2010).
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Electronic properties of superconducting FeS
C. Tresca1, G. Giovannetti2, G. Profeta1
1

Department of Physical and Chemical Sciences and SPIN-CNR,
University of L’Aquila, Via Vetoio 10, I-67100 Coppito (Italy)
2
CNR-IOM-Democritos National Simulation Centre and International School
for Advanced Studies (SISSA), Via Bonomea 265, I-34136, Trieste, Italy
Abstract
Iron-chalcogenides (FeCh) (Ch= S, Se, Te) represents the simplest family in high temperature iron
based superconductors. FeSe superconducts, at ambient conditions, with a critical temperature
Tc=8K[1]. On the contrary, FeTe does not present a superconductive phase, but the partial
substitution of Te atoms with Se or S can allow superconductivity. Sulfur substitution can also
enhance Tc in FeSe, but it was believed that pristine FeS was not stable in tetragonal structure and
than it can not present superconductivity. Only in 2015 Lai et al.[2] successfully produce
stoichiometric FeS, which shows bulk superconductivity with Tc∼5K. Furthermore, high pressure
experiments revealed the presence of two superconducting domes with a maximum Tc of 6K at
15GPa[3]. Those evidences prompted us to study the system via theoretical approach.
We report first-principles Density Functional Theory results on the electronic and magnetic
properties of superconducting FeS. The calculations reveal important differences with the other
members of the FeCh family. Band structure reveals two hole-bands at the Fermi energy with a fully
occupied dx2-y2 band. The ground state magnetic phase is calculated to be the stripeantiferromagentic one competing in energy with different magnetic phases. The role of correlation
effects in FeS, calculated within Dynamical Mean Field Theory approach, is shown to be relevant as
in FeSe. We also investigate electronic properties and correlation effects for the system under
pressure revealing interesting properties. These results point toward further studied on possible
superconducting phases stabilized by pressure effects or reduced dimensionality.

[1] F.C.Hsu et al., Proc. Natl. Acad. Sci. 105, 14262
(2008)
[2] X.Lai et al. JACS 137,10148 (2015)
[3] J.Zhang et al. ArXiv:1604.05254 (2016)
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Phase coexistence of superconductivity and magnetism driven by spinorial order
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Vargas-Paredes A. Alfredo1,2, C. Romaguera R. Antonio3
1

School of Science and Technology, Università di Camerino, 62032 Camerino (MC), Italy
Departement Fysica, Universiteit Antwepen, Groenenborgerlaan 171, B-2020 Antwerpen,
Belgium
3
Physics Department, Universidade Federal Rural de Pernambuco, 52171 – 900 Recife (PE),
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Abstract
We study the phase coexistence between superconductivity and magnetism using the GinzburgLandau approach [1]. An spinorial order parameter is applied to describe the superconducting phase
[2, 3] and the hidden order phase [4] in a broad variety of heavy fermion compounds. We will
consider various parameters that control the anisotropies of the lattice and pairing mechanism, then
we will obtain limits for the coexistence of the superconducting and hidden order phases with
antiferromagnetism. Special attention is devoted to the case of superconductivity triggered by
magnetism and the characteristics of the hidden order transition.

[1] D. V. Shopova, M. D. Todorov, Phys. Lett. A 379 1391 (2015). J. Sci. Res. 17, 7531 (2015).
[2] M. Cariglia, A. A. Vargas-Paredes and M. M. Doria, Europhys. Lett. 105 31002 (2014).
[3] M. M. Doria, A. A. Vargas-Paredes and M. Cariglia, Supercond. Sci. Technol. 27 12 (2014).
[4] P. Chandra, P. Coleman and R. Flint, Phys. Rev. B 91, 255103 (2015).
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Memristive Ferroelectric Tunnelling Junctions for applications in neuromorphic
networks
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1
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Abstract
Thanks to the tunnelling electro resistance (TER) effect, i.e. the variation of the tunnelling resistance
observed upon reversal of the ferroelectric polarization, Tunnelling junctions with ferroelectr ic
barriers (FTJs) are currently under investigation for different applications.
In fact, besides the potential use of FTJs as memory cells with the remanent polarization representing
the digital information [1], the viscous dynamics of ferroelectrics makes possible to use these devices
also as memristors with potential application as synapses in neuromorphic computing networks [2].
In this regard, we studied the switching behaviour of BaTiO3 (BTO) ferroelectric thin films on
La1/3 Sr2/3 MnO3 (LSMO) bottom electrodes both grown by Pulsed Laser Deposition (PLD) on SrTiO3
(001) substrates.
By means of Piezo Force Microscopy (PFM) we verified a viscous switching well described by the
Merz law [3]. We then realized metal/BTO/LSMO FTJs, with Fe and Pt top electrodes, in which the
application of proper pulse trains allows for the continuous tuning of the junction resistance.
Here we discuss in particular the dependence of TER modulation and dynamic behaviour on top
electrode material and on the geometric parameters of the junction (barrier thickness, lateral size).
The high flexibility in choosing those parameters can allow to design optimized synapses in which
the response time and the resistance modulation can be tailored for a specific task.
[1] V. Garcia and M. Bibes, “Ferroelectric Tunnel Junctions for Information Storage and
Processing.,” Nat. Commun., vol. 5, p. 4289, Jan. 2014.
[2] A. Chanthbouala, V. Garcia, R. O. Cherifi, K. Bouzehouane, S. Fusil, X. Moya, S. Xavier, H.
Yamada, C. Deranlot, N. D. Mathur, M. Bibes, A. Barthélémy, and J. Grollier, “A Ferroelectric
Memristor.,” Nat. Mater., vol. 11, no. 10, pp. 860–4, Oct. 2012.
[3] W. J. Merz, “Domain formation and domain wall motions in ferroelectric BaTiO3 single
crystals,” Phys. Rev., vol. 95, no. 3, pp. 690–698, 1954.
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Electric field-induced transitions and technological implications
Giuseppe Viola1, Haixue Yan2, Julian Walker3, Michael John Reece2, Milena Salvo1
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Abstract
Electric field-induced transitions represent a highly fascinating phenomenon which consists of
a change in the crystal structure and in the domains configuration during the application of an
electric field. Important examples of electric field-induced transformations include those
experienced by antiferroelectrics, ferrielectrics and relaxors, which undergo a transition from a nonpolar (or weakly-polar) to a polar state during electrical loading. These transitions usually produce
high polarizations and large strains, mainly stemming from structural changes occurring above
critical electric field thresholds. Depending on the degree of reversibility, which varies in different
systems, the effects of these transitions can be well suited for the development of materials for
energy storage capacitors and actuators.
In this talk, the most important aspects of electric field-induced transitions and their main
technological implications will be described, with reference to the most widely studied materials
which experience these types of transitions. These will include lead-based and lead-free
perovskites, with particular focus on bismuth-based compositions and rare earth-doped bismuth
ferrites. Additionally, a summary on the most recent research activities on alternative potential
antiferroelectric compounds will be given, with the purpose of providing a broad overview on
materials selection and possible directions for future materials development.
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Magneto-ionic effects in CoFeB/GdOx
L. Baldrati1, A.J. Tan2, M. Mann2, G.S.D. Beach2 and R. Bertacco1
1
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Department of Physics, Politecnico di Milano, Italy
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Voltage control of magnetism attracts the
attention of the scientific community thanks to its
potential for the realization of new kinds of solid
state devices. In this framework, several
mechanisms have been proposed, e.g. strain,
electronic effects or accumulation of charges at
the
interface
induced
by
ferroelectric
polarization.[1,2] Moreover, fast ionic effects
(sub-ns switching) in non-magnetic devices based
on HfOx were demonstrated on a 10x10 nm2 scale,
leading to a forthcoming generation of
commercial
Resistive
Random
Access
Figure 1: Example of variation of magnetic
Memories.[3] The magneto-ionic effect is the anisotropy in CoFeB/GdO capacitors.
x
merging of these two worlds, since mobile oxygen
ions can also modify the magnetic anisotropy of a
ferromagnetic layer in a solid state device. The first demonstration was made in the GdOx/Co
system, leading to magnetic anisotropy variation as high as 0.75 erg cm-2.[4] Here we report on
magneto-ionic effects in the GdOx/CoFeB system, grown by conventional and reactive sputtering.
Both GdOx/CoFeB/Pt structure with perpendicular to plane magnetic anisotropy and
GdOx/CoFeB/Ta structure with uniaxial in-plane magnetic anisotropy exhibit important magnetic
modulation, as demonstrated by μ-MOKE loops acquired during the application of a voltage across
GdOx capacitors. From VSM and μ-MOKE measurements, we estimated a ~0.4 erg/cm2 variation of
the surface anisotropy energy in in-plane magnetized CoFeB/Ta. The application of this concept to
the electric control of magnetic tunnelling junctions will also be discussed.
[1] C.A.F. Vaz, J. Phys. Condens. Matter 24, 333201 (2012).
[2] G. Radaelli, D. Petti, E. Plekhanov, I. Fina, P. Torelli, B.R. Salles, M. Cantoni, C. Rinaldi, D.
Gutiérrez, G. Panaccione, M. Varela, S. Picozzi, J. Fontcuberta, and R. Bertacco, Nat. Commun. 5,
3404 (2014).
[3] B. Govoreanu et al, Tech. Dig. - Int. Electron Devices Meet. IEDM 729 (2011).
[4] U. Bauer, L. Yao, A.J. Tan, P. Agrawal, S. Emori, H.L. Tuller, S. Van Dijken, and G.S.D.
Beach, Nat. Mater. 14, 174 (2015).
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Low entropy in graphene through the Co-C system
G. Amato 1a , F. Beccaria 1a,2 , U. Vignolo 2 , and F. Celegato 1b
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Abstract
Uniform, mostly single-layer graphene with enhanced stability is demonstrated over Co film.
The polycrystalline Co film deposited on a SiO 2 /Si substrate gives a continuous graphene layer
that is easily transferred without the aid of any polymeric support, but preserving the
material quality, as evidenced by Raman analysis. Great stability to the damaging action of the
laser beam, as compared to the Cu-grown material is also observed [1]. The better structural and
electrical properties of the material are interpreted in terms of thermodynamics of the
cooling-down process. It is suggested that the reduction in entropy, due annihilation of
vacancies caused by C atoms precipitating during cooling, directly depends on the activation
energy of C solubility into Co, which is considerably high, due to Co magnetic ordering at the
process temperature. Our work expands the possibility of synthesizing single-layer graphene
keeping into account the thermodynamics of various C-metal systems.
It has been observed the presence of graphene suspended on holes in the Co substrate, as visible in
Figure 1. While the deposition mechanism at the basis of such phenomenon is under investigation,
Raman and AFM measurements allow to understand the structural characteristics of the grapheneon-holes.
[1] Amato, G., Milano, G., Vignolo, U., Vittone, E.,
Nano Res. 8 (2015), 3972–3981

Figure 1: AFM image of the graphene
layer grown on a micrometric hole
originating from Co dewetting.
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Real-time optical monitoring of the photoreduction of graphene oxide:
demonstrations and application to graphene oxide/titanium dioxide composites
S. Lettieri1,2, D.K. Pallotti1, M. Palomba3, A. Longo3, G. Carotenuto3, P. Maddalena2
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3
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Piazzale Enrico Fermi 1, 80055 Portici (NA)
Abstract

The interest in methods for graphene oxide (GO) reduction has increased dramatically in last decade.
In fact, reduced GO (rGO) is a graphene-like material whose production is much simpler, cheaper
and massively scalable than the one used for synthesis of graphene, such as mechanical exfoliation,
epitaxial growth or chemical vapor deposition. Reduction of GO consists in the elimination of
oxygen-containing functional groups bonded to sp3 carbon atoms. The presence of these groups
interrupts the electronic -conjugation, lowers the electrical conductivity and opens energy gaps
between the electronic states.
Analytic techniques such as X-Ray diffraction, X-Ray photoemission spectroscopy and infrared
spectroscopy are excellent for ex-situ assessment of the state of reduction of GO. However,
implementing them as tools for analyzing the reduction process itself is extremely difficult if not
impossible. Optical methods are instead suited to develop real-time techniques for monitoring GO
reduction processes.
In this work, we show that photoluminescence (PL)
spectroscopy can be effectively used to this aim,
allowing tracing the time dynamics of photoreduction
processes and allowing a direct measurement of the
distribution of lifetimes A() (namely, the Laplace
transform of the transformation kinetics) involved in the
reduction processes.
A proof-of-concept is shown using a low-cost setup, and
applications are next carried out for the case of pristine
GO samples and of GO/TiO2 composites. We
demonstrate that the real-time PL analysis returns the
literature results known for the photocatalytic Figure 1: Intensity map of PL evolution of a
contribution to GO reduction exerted by TiO2 and for graphene oxide film during UV-stimulated
reduction in nitrogen. The time decay of the
the acceleration and slowing-down of rGO production
PL intensity monitors the GOrGO kinetics.
caused by environmental factors (namely presence of
adsorbed water and adsorbed oxygen on GO surface).

Tuesday September 20 - Poster Session

Third Conference on Superconductivity and Functional Oxides
Torino, Septe mber 19-21, 2016

Interplay between strong spin-orbit coupling, crystal field splitting and Hund’s
exchange in KOsO4
F. Forte1,2, D. Guerra1, A. Avella1,2, C. Autieri3, A. Romano1,2, C. Noce1,2
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3
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Abstract
In recent years, spin-orbit coupling (SOC) has been considered an important ingredient in the
physics of strongly correlated systems, because a considerable number of new phe nomena such as
topological insulator [1], unconventional metal- insulating transitions, compensating spin and orbital
moments [2,3] or magnetic anisotropy arise from it.
While the role of spin-orbit interaction has been extensively studied for systems with partially filled
t2g orbitals, the effects on eg orbitals haven’t had the same regard, because the orbital momentum L
in them is conventionally quenched.
In contrast to this frame, we have analyzed the effect of strong SOC in the case of the KOsO 4
compound, which represents a rare example of a 5d system, with partially filled e g orbitals.
This system crystalizes in a tetrahedral crystal structure, pointing towards an enhanced role of the
SOC in the e g subspace, due to the modest t2g-eg crystal field splitting (cf = 1.7 eV) .
In this work, we present an exact diagonalization study performed on a two-site problem on a
microscopic Hamiltonian which includes electron hopping, crystal field splitting, Hund’s exchange
and the SOC. The magnetic exchange regimes and the occurrence of magnetocrystalline anisotropy
have been characterized by evaluating the relevant static correlators and magnetic order parameters
as a function of the microscopic parameters.
[1] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 95, 146802 (2005)
[2] K.-W. Lee andW. E. Pickett, Europhys. Lett. 80, 37008 (2007).
[3] O. Nganba Meetei, W. S. Cole, M. Randeria, and N. Trivedi, arXiv:1311.2823.
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(Zn, Mg)O/ZnO heterostructures: a deep study of the quantum effects

A. Leveratto1, L. Pellegrino1, I. Pallecchi1, A. Jost2, U. Zeitler2, E. Bellingeri1 & D. Marré1,3
1

2
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3
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Abstract

2-dimensional electron gases (2DEG) in oxide heterostructures have attracted a lot of attention for
electrical device applications such as high electron mobility transistors (HEMTs) and quantum spin
transport devices. Among the heterostructures investigated ZnO based multilayers unambiguously
showed the presence of a 2DEG at the interface[1,2]. Very recently also in a-LAO/STO
heterostructure, adding at the interface a monolayer of La7/8Sr1/8MnO3, it has been observed
extraordinary quantum effects[3].
Being ZnO a multifunctional materials with interesting opto-magneto-electronic properties, the
realization of ZnO based quantum devices lead to significant technological developments:
ZnMgO/ZnO have been studied more and more intensively because of its potential advantages in
the applications as HEMTs and ultraviolet optoelectronic devices and more recently for its property
of presenting a strong electronic correlation. In this contribution we present realization and
characterization in high magnetic field of ZnO/MgxZn1-xO (x=0.5; 0.15) heterostructures: samples
have been deposited by pulsed laser deposition on ZnO single crystals on Zn polar side. High field
characterization of electric and thermal transport properties has been performed at HFML (High
Field Magnet Laboratory - Nijmegen): quantum phenomena (IQHE and SdHO) were observed and
surprisingly visible up to 20K. Here we will focus on the analysis of the quantum oscillations
measured discussing the results from the data fitting with the complete Lifshitz-Kosevich formula
and other term taking in count weak localization, Zeeman effect, different spin up and down
scattering times. Finally, the same approach will be used to analyse thermoelectric data that showed
for the first time in an oxide based 2DEG quantum oscillations in the Seebeck and Nernst
thermoelectric coefficients.
[1]A. Tsukazaki, et al., Science 315,1388 (2007).
[2]A. Tsukazaki, et al., PRB78, 233308 (2008).
[3] F. Trier et al., arXiv:1603.02850 [cond-mat.mtrl-sci] (2016)
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INRiM cryocooler setup for operation of Josephson standards
P. Durandetto1, A. Sosso1
1
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Abstract
A new experimental setup based on a two-stage GM cryocooler has been developed at INRiM for the
Josephson AC voltage standards. Among its distinct features, particularly interesting is the usability
for both methods currently in use for ac voltage metrology: programmable and pulsed arrays.
Reconfiguration is done by switching from coaxial cable to microwave guide for junction irradiation
at frequencies < 40 GHz or centered around 70 GHz (for pulsed or programmable, respectively) and
can be accomplished very quickly.
The setup for the operation of pulse-driven arrays makes use of a special coaxial cable with inner
(outer) conductor made by copper (stainless steel) as a compromise between thermal and electrical
conduction. The apparatus has been employed to the synthesis of waveforms by using pulse-driven
SNS technology and tests has been performed to investigate the effect of helium-free cooling on the
electrical behavior of junctions.
Cryocooling is also interesting in application to programmable voltage standards. SNIS technology,
based on low temperature superconductors but capable of operation above liquid helium temperature,
allows to reduce refrigerator requirement, thus is interesting for application to cryocooled standards.
Nevertheless, optimal operation of programmable standards requires a careful thermal design for
increasing thermal conduction and minimizing possible thermal gradients. Hence, we have devised
ad-hoc techniques to dissipate the non-negligible heating inside the array.
Tests of SNIS programmable arrays have been carried out to investigate the feasibility of a SNIS
cryocooled standard. The steps observed in first tests suggest that no significant differences exist with
respect to liquid helium cooling.
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Orbital-dependent Fermi Surface shrinking as a fingerprint of
nematicity in FeSe
L. Fanfarillo1, J.Mansart² , P. Toulemonde3,4, H.Cercellier3,4, P. LeFevre5, F.Bertran5, B. Valenzuela6,
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Abstract
FeSe is the most enigmatic iron superconductor. Among other things, it presents a wide nematic
phase without magnetic ordering. The lack of magnetic ordering has been used to rule out a spindriven nematic transition. In addition, measurements of the band structure seem to point to a true
symmetry-breaking state in the nematic state with a charge unbalance between the xz and yz
orbitals. This situation has given rise to different proposals of orbital ordering scenarios to fit the
data. However, sizeable spin fluctuations have been detected. Theoretically, it has been shown that
spin fluctuations renormalize the Fermi surface with the size of the pockets smaller than predicted
by AB-initio calculations in the paramagnetic phase. This fact, known as Fermi surface
shrinking[1], is in accordance with ARPES experiments in pnictides.[2] In the present work,[3] we
calculate the Fermi surface shrinking across the nematic transition due to spin fluctuations. We
employ a recently developed effective model[4] sensitive to the orbital content at the Fermi surface.
We apply the model to the case of FeSe comparing with accurate ARPES measurements able to
disentangle the orbital content of the bands. We show that an orbital-dependent shrinking of the
Fermi surface is a natural mechanism able to describe the temperature evolution of the electronic
structure across the structural transition. In this picture, the full entanglement between orbital and
spin degrees of freedom converts the anisotropy of the spin fluctuations into an effective orbital
order.
[1] L. Ortenzi, E. Cappelluti, L. Benfatto, L.Pietronero, Phys. Rev. Lett. 103, 046404 (2009).
[2] V. Brouet, et al. Phys. Rev. Lett. 110, 167002 (2013).
[3] L.Fanfarillo, J.Mansart, P.Toulemonde, H.Cercellier, P.Le Fevre, F. Bertran, B. Valenzuela,
L.Benfatto, and V. Brouet arXiv: 1605.02482
[4] L. Fanfarillo, A. Cortijo, and B. Valenzuela, Phys. Rev. B 91, 214515 (2015).
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Flux dynamics, pinning and critical current of FeSe superconductor with and
without silver doping.
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Abstract
We report the analysis of the DC magnetic response detected on iron-based FeSe superconducting
samples, both with and without the addition of silver doping, and we discuss about the information
obtained concerning the pinning properties, the vortex lattice dynamic behavior and the electrical
transport capabilities. In particular the magnetic behavior of a FeSe crystal sample has been studied
by means of DC magnetization measurements as function of the temperature (T), of the DC
magnetic field (H) and of the time (t). The M(T) curves show a discrepancy in the determination of
the onset of the critical temperature
with respect to what observed in the superconducting M(H)
measurements obtained by subtracting the ferromagnetic background from the curves measured at
various temperatures. By using magnetic relaxation measurements M(t), the correct value of
has
been determined. Moreover, the superconducting M(H) loops show the presence of a noisy signal
up to an anomalous “peak effect” only found for positive and negative increasing fields. These
features have been analyzed by fitting the temperature dependence of the critical current density
, extracted from the M(H) loops, with the help of the
dependencies governing a S-N-S
junctions network. This analysis has allowed us to interpret the behavior found in the M(H) loops
and to obtain the value of the intrinsic critical current density
which is not influenced by the
presence of the junctions. With the same approach, we have studied the effect of the addition of 6
wt% Ag to the FeSe material. We show that the silver doping produces an increase in the critical
temperature Tc , and a clear improvement in the transport properties measured as function of field,
respect to the corresponding undoped FeSe material. Nevertheless, both the materials show the
same type of pinning, together with a creep crossover when going from low to high temperatures.
These behaviors have been analyzed in order to extract the parameters indicating the type of creep
regime in the framework of the collective pinning theory and to evaluate the vortex hopping attempt
time, both for the undoped and the doped sample, to be compared with the analogous values
reported in literature for high Tc materials.
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Development of metallic substrates based on Fe/Ni alloys for the deposition of
Fe(Se,Te) superconducting thin films
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Abstract
In Iron-Based Superconductors (IBS), the exponential decay of Jc across misoriented grain
boundaries seems to be less severe than for YBCO: this is a great advantage for the fabrication of
superconducting Coated Conductors (CC) since of the control of the in-plane alignment for buffer
layers can be less demanding, in view of obtaining high-Jc IBS films on flexible metal substrates.
IBS thin films have been successfully grown on single crystalline substrates and on technical
metallic templates made via Ion-Beam-Assisted Deposition (IBAD) and on Biaxially Textured
Substrates (RABiTS) with a biaxially textured CeO2 layer at the top.
For the new IBS-CC, the processing temperature is much lower (~400°C) than for YBCO (800°C).
At this moderate temperature, very limited oxidation of the metal templates is foreseen, hence
thinner and less complicated buffer structures are likely to produce the same result. Furthermore,
oxygen annealing is no longer required. As such, we expect that much simpler metallic substrates
can be developed, therefore reducing the manufacturing cost of IBS-CC, which may make them
more attractive on the cost-performance basis.
Given all this, in parallel with the deposition of thin films of the phase Fe(Se,Te) on technological
substrate made of NiW 5% alloy with CeO2 or La2Zr2O7 buffer layer, produced by ENEA, we are
developing simpler metallic substrates. In particular, we are working with Fe/Ni alloys (commercial
INVAR 36) which present cell parameters similar to Fe(Se,Te) ones so it is suitable for thin film’s
deposition.
Through cold deformation procedures suitably alternated with high temperature heat treatments we
have already produced a tape 50µm thin with a good out of plane orientation. We are now studying
the possibility to deposit thin films with Laser Ablation on INVAR 36 substrate in order to
investigate the feasibility to produce Fe(Se,Te) CC on large scale through simpler and cheaper
methods.
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Magnetic states of MnP under hydrostatic pressure
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Abstract

The recent discovery of superconductivity (SC) in MnP under high pressure [1] has attracted much
interest since no Mn based superconductors were ever identified before.
MnP is characterized by a complex electronic phase diagram [1-4] which alternates ferromagnetic
and helimagnetic phases both as a function of pressure and temperature for T<300 K and P less than
70 kbar. At very low temperature, for P larger than 70 kbar, a small SC dome with TC, max ~ 1 K
emerges.
Similarly to what is observed in high temperature unconventional SC, the the superconducting
dome appears as a function of applied pressure just after the transition from a helimagnetic phase to
the paramagnetic state. It is therefore clearly important to clarify the nature of the long range order
possibly involved in the superconducting pairing mechanism.
We have investigated the magnetic part of the phase diagram with both experimental and theoretical
methods. We confirmed [3-4] that the high pressure magnetic state is different from the helical state
observed at ambient pressure validating recent neutron scattering results and against Xray scattering
based observations.
We have also observed the presence of competing magnetic states close to the magnetic phase
boundary which again support the hypothesis of unconventional SC.
The implications of these results for the nature of the SC state in this material will be presented and
discussed.
[1] J. G. Cheng et al, Phys. Rev. Lett. 114, 117001 (2015).
[2] E. E. Huber and D. H. Ridgley, Phys. Rev. 135, A1033 (1964)
[3] R. Khasanov et al, Phys. Rev. B 93, 180509(R) (2016)
[4] M. Matsuda et al, Phys. Rev. B 93, 100405(R) (2016)
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Competing effects of Mn and Y doping on the low-energy excitations and phase
diagram of La1−yYyFeAsO0.89F0.11 iron-based superconductors
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2

We studied the evolution of the superconducting and magnetic state of
(La1-yYy)(Fe1-xMnx)AsO0.89F0.11 by muon spin spectroscopy and nuclear magnetic and quadrupolar
resonance (NMR/NQR) in order to investigate the
combined effect of Mn “poisoning” and the
beneficial effect on Tc of the chemical pressure/strain
via the La/Y substitution. The results show that as
soon as superconductivity is destroyed by Mn an
ordered magnetic state is established and the system
is driven across a Quantum Critical Point [1, 2].
Conversely, the magnetic state is gradually destroyed
by substituting La with the smaller Y at fixed x≈0.5
and the corresponding changes in the band structure
cause the recovery of superconductivity [2, 3].
Low-energy spin fluctuations give rise to a peak in
19
F NMR 1/T1 above the superconducting transition
temperature which increases with x. Also the static
magnetic correlations probed by 19F NMR linewidth Figure 1: Phase diagrams as a function of
measurements show a marked increase with Mn Mn content for LnFe1-xMnxAsO0.89F0.11 for
content. The disruption of superconductivity and the Ln = La and La0.8Y0.2. In the former, less
onset of the magnetic ground-state are discussed in than 0.2% of Mn are sufficient to suppress
the light of the proximity of LaFeAsO0.89F0.11 to a superconductivity and recover the mangeticstripe order.
quantum critical point.

[1] F. Hammerath, P. Bonfà, S. Sanna, G. Prando, R. De Renzi, Y. Kobayashi, M. Sato, and P.
Carretta, Phys. Rev. B 89, 134503 (2014).
[2] F. Hammerath, M. Moroni, L. Bossoni, S. Sanna, R. Kappenberger, S. Wurmehl, A. U. B.
Wolter, M. A. Afrassa, Y. Kobayashi, M. Sato, B.uchner, and P. Carretta, Phys. Rev. B 92,
020505(R) (2015).
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Electronic phase diagram of SmFe1-xMnxAsO0.88F0.12
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Abstract

We present the investigation of the electronic phase diagram of superconducting SmFeAsO0.88F0.12
iron-based superconductor as a function of a progressive dilution of manganese paramagnetic ions
in Fe-As planes by muon-spin spectroscopy (µSR). Both zero- and transverse fields µSR were used
to probe the magnetic and the superconducting order. The pure superconducting phase (x < 0.03) is
replaced by a crossover region for intermediate Mn values (0.03 < x < 0.08), where
superconductivity coexists with static magnetic order. After completely suppressing
superconductivity for x = 0.08, a higher Mn content likely reinforces the natural tendency towards
antiferromagnetic correlation of magnetic Mn ions. The sharp drop of the superconducting
temperature Tc, observed in presence of paramagnetic ions such as Mn, is discussed as a possible
evidence of an s+− symmetry for the superconducting gap function.
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Effect of proton irradiation on the low-energy excitations of Ba(Fe1-xRhx)2As2
superconductors
M. Moroni1, L. Bossoni1,2, M. H. Julien3, H. Mayaffre3, L. Gozzelino4, G. Ghigo4, P. C. Canfield5,
W. Halperin6, P. Carretta1
1

Department of Physics, University of Pavia, I-27100 Pavia, Italy
Huygens-Kamerlingh Onnes Laboratory, Leiden University, The Netherlands
3
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Abstract
The understanding of normal phase excitations is a fundamental step towards the comprehension of
the exotic pairing mechanisms at work in iron-based superconductors. In Ba(Fe1-xRhx)2As2 Nuclear
Magnetic Resonance (NMR) experiments reveal a marked increase of 1/T2 upon cooling already
above Tc, suggesting the onset of unconventional very low-frequency activated dynamics [1,2]. By
combining different spin-echo techniques, we demonstrated that the low-temperature increase in the
transverse relaxation rate 1/T2 originates from an activated slowing down of the fluctuations rather
than from an increase of their amplitude. Remarkably the correlation time derived by the 1/T2
measurement also accounts for the behavior of the spin lattice relaxation rate. We argue that these
dynamics can be associated with activated motions of domain walls separating regions where
(π/a, 0) and (0, π/a) nematic correlations develop.
Further insights on the nature of the fluctuations can be achieved by studying the effect of proton
irradiation (5.5 MeV protons, for 3.2×1016 cm-2 and 6.4×1016 cm-2 doses) on these systems. It was
found that while Tc weakly changes by increasing the fluence [3], T*, the characteristic temperature
at which 1/T2 begins to increase, is markedly suppressed, suggesting that the proton induced defects
are pinning the domain walls motions [4]. Even more interestingly, in the optimally doped x=6.8%
sample, the NMR line width significantly increases with the fluence and its Curie Weiss
temperature behavior indicates the onset of ferromagnetic correlations coexisting with
superconductivity at the nanoscopic level.

[1] L. Bossoni et al, Phys. Rev. B 88, 100503(R) (2013).
[2] L. Bossoni et al, arXiv:1602.01710.
[3] Y. Nakajima et al, Phys. Rev. B Phys. Rev. B 82, 220504(R).
[4] M. Moroni et al, in preparation.
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Decoupling of Tc and energy gap amplitudes in irradiated BaFe2(As,P)2
D. Daghero1, M. Tortello1, L. Gozzelino1,2, T. Hatano3, T. Kawaguchi3, H. Ikuta3, R. S. Gonnelli1
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Abstract
We have irradiated epitaxial, optimally-doped thin films of BaFe2(As1−xPx)2 (x = 0.2) with Au ions
having an energy of 250 MeV. Numerical simulations show that the energy released within the film
thickness (50 nm) gives rise to a homogeneous defect distribution, but most of the ions’ energy is
actually lost in the MgO single-crystal substrate, where the ions get implanted at a depth of about
14 µm. For each of the three fluences used (Φ1 = 2.4 × 1011 cm−2, Φ2 = 4.8 × 1011 cm−2 and Φ3 = 7.3
× 1011 cm−2) we have studied the surface morphology, the resistivity, the critical temperature and
the energy gaps.
The residual resistivity ρ0 increases by almost 60% at the highest level of irradiation, but the width
of the superconducting transition increases very little, and the critical temperature Tc decreases only
by about 2.5%. The suppression of Tc induced by disorder is much weaker than in single crystals
[1,2]; if analyzed within a recent theoretical model [3] this would suggest a nodeless s± gap
symmetry. However, here the resistivity is dominated by the disorder within the substrate, and any
comparison with single-crystal data or theoretical models must be taken with caution.
The gaps were measured by point-contact Andreev-reflection spectroscopy (PCARS). We found
that: i) two gaps are clearly detected, ∆1 and ∆2; ii) both the gaps are nodeless or, at most, have
nodal lines not detectable by PCARS; iii) their amplitudes decrease linearly on increasing the
fluence, and are finally suppressed by about 25% in the most irradiated film. Taking into account
that Tc decreases only by 2.5 %, this indicates a strong decrease in the gap ratios 2∆i/kBTc. A
possible explanation is that the electronic states of the normal regions created by irradiation (i.e. the
cores of the correlated defects along the ions’ paths) do not contribute to pairing at low temperature
but only at high temperature, when the coherence length increases [4]. This means that the effective
density of states on which the gaps and Tc depend are different, and that Tc is more robust upon
irradiation than the gaps.

[1] Y. Mizukami et al., Nature Comm. 5, 5657 (2014)
[2] Y. Nakajima et al. Phys. Rev. B 80 012510 (2009)
[3] Y. Wang et al., Phys. Rev. B 87, 094504 (2013)
[4] Z. Long, M. D. Stewart, and J. M. Valles, Phys. Rev. B 73, 140507R (2006)
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Effects of heavy-ion induced disorder in Co- and K-doped BaFe2As2 crystals,
investigated by a microwave coplanar resonator technique
G. Ghigo1,2, R. Gerbaldo1,2, L. Gozzelino1,2, F. Laviano1,2, T. Tamegai3
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Abstract
An approach toward reaching new insights into the mechanism of superconductivity in the ironbased compounds is presented. The temperature dependence of the superfluid density and of the
microwave conductivity of high quality Ba(Fe1-xCox)2As2 and (Ba1-xKx)Fe2As2 single crystals have
been obtained by a superconducting coplanar resonator technique. The proposed technique is
suitable to obtain the absolute value of the penetration depth, and shows high sensitivity to small
samples [1]. The comparison of crystals with different shape factors allows deducing the ab-plane
component of the penetration depth and achieving evidence of a coherence peak in the quasiparticle
conductivity. Then, the experimental superfluid density and coherence peak are fitted in a two-gap
scheme, obtaining the temperature dependence of the energy gaps, with zero-temperature values
which are in good agreement with literature.
This microwave technique has been used to study the effects of disorder, induced in the crystals by
250-MeV Au-ion irradiation. In fact, particle irradiation – increasing nonmagnetic scattering
without contributing extra charge – is an optimal tool to validate pairing state models through its
influence in suppressing the critical temperature and changing penetration depth and quasiparticle
scattering time. The whole set of experimental results is compared to literature findings obtained by
irradiations with other particles and to the expectations of the leading candidate for describing the
pairing state in the iron based superconductors, i.e. the s phase, with the possible presence of
accidental nodes.

[1] G. Ghigo, R. Gerbaldo, L. Gozzelino, F. Laviano, T. Tamegai, IEEE Trans. Appl. Supercond.
26, 7300104 (2016)
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Vortex pinning anisotropy due to heavy-ion irradiation of superconductors
observed by quantitative magneto-optical imaging
F. Laviano1,2, R.Gerbaldo1,2, G.Ghigo1,2, L.Gozzelino1,2, G. P. Mikitik3, T. Tamegai4
1

Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy
2
Istituto Nazionale di Fisica Nucleare, Sezione di Torino, Torino Italy
3
B. Verkin Institute for Low Temperature Physics & Engineering, Ukrainian Academy of Sciences,
Kharkov 61103, Ukraine
4
Department of Applied Physics, The University of Tokyo, 113-8656 Tokyo, Japan

Abstract
High-energy particle irradiation of superconductors has been proven to be effective both for testing
the effect of atomic disorder on the fundamental properties, such as the superconducting gap, and
for exploiting material engineering towards applications. In particular, irradiations with heavy ions
yield anisotropic pinning due to the formation of correlated defects along the irradiation direction,
while defects from proton irradiation correspond to isotropic pinning centers. We present an
analysis of the anisotropic vortex pinning due to particle irradiation in cuprate and iron-based
superconductors. The irradiations were performed with high-energy Au ions and protons (0.25-2
GeV and 5.5 MeV, respectively), and the samples were characterized by the quantitative magnetooptical imaging technique that allows us to measure the local values of magnetic field and current
density [1]. We performed patterned irradiation (i.e., irradiating selected sample areas), of several
superconducting samples in order to measure the as-grown and modified parts, simultaneously. We
analysed the vortex pinning anisotropy by correlating the local critical current density to the
magnetic field tilt angle [2]. Noticeably, for both compounds, we found that the anisotropic
contribution of defects generated by the heavy-ion irradiation is evident, starting from low-applied
magnetic fields. Furthermore, the effect of combined irradiations is very efficient for enhancing the
critical current density in iron-based superconductors with respect to cuprates, since the sensitivity
of the critical temperature to disorder is much smaller in the former compounds, making iron-based
superconductors very appealing for high-power applications.
[1] F. Laviano, D. Botta, A. Chiodoni, R. Gerbaldo, G. Ghigo, L. Gozzelino, S. Zannella, E.
Mezzetti, Supercond. Sci. Technol. 16, 71 (2003).
[2] F. Laviano, D. Botta, A. Chiodoni, R. Gerbaldo, G. Ghigo, L. Gozzelino, and E. Mezzetti,
Phys. Rev. B 68, 014507 (2003); F. Laviano, R. Gerbaldo, G. Ghigo, L. Gozzelino, G.P.
Mikitik, T. Taen, T. Tamegai, Supercond. Sci. Technol. 27, 044014 (2014).
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Anisotropic gaps and Fermi-surface topological phase transitions in Fe-based
superconductors studied by point-contact Andreev-reflection spectroscopy
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Abstract
Directional point-contact Andreev-reflection spectroscopy (PCARS) can provide important
information on the number, amplitude and symmetry of the energy gaps in multiband
superconductors [1] and on their electron-boson coupling [1, 2]. Its capabilities can be further
considerably improved if a suitable 3D generalization of the Blonder-Tinkham-Klapwijk (BTK)
model [2], combined with ab-initio and Eliashberg calculations, is used to analyze the results.
Here we apply this approach to the directional PCARS results obtained in single crystals of
CaFe2As2 under quasi-hydrostatic pressure and FeSexTe1-x (x = 0.2-0.3).
In CaFe2As2 at a pressure of 0.55-0.6 GPa the Fermi surface, calculated ab-initio within the
density functional theory, is on the verge of a topological 2D-3D transition, which causes the
disappearance of the holelike sheet at the centre of the Brillouin zone. We associate this region to
the non-collapsed tetragonal phase (T*) where superconductivity is thought to exist. By a randomphase-approximation approach in a ten-orbital model we show that this transition is accompanied
by the emergence of a horizontal node line in the hole gap. An almost perfect agreement between
PCARS results at different pressures and predictions of the 3D BTK model is finally obtained by
using the theoretically calculated FS topology and nodal gap structure. Unexpectedly, in the region
of the topological 2D-3D transition we observe a strong enhancement of the ratio 2h,e/kBTc and of
the electron-boson coupling [3].
In FeSexTe1-x , by using the same approach, we obtain spectroscopic evidence of the presence
of two gaps (one isotropic and the other strongly anisotropic) and of intense structures at high-bias
that can be associated to the electron-boson (spin fluctuation) interaction.
[1] D. Daghero and R.S. Gonnelli, Supercond. Sci. Technol. 23 043001 (2010).
[2] D. Daghero, M. Tortello, G.A. Ummarino, R.S. Gonnelli, Rep. Prog. Phys. 74, 124509 (2011).
[3] R.S. Gonnelli et al., Sci. Rep. 6, 26394 (2016).

Tuesday September 20 - Poster Session

Third Conference on Superconductivity and Functional Oxides
Torino, September 19-21, 2016

Multiband Eliashberg theory interpretation of the anomalous pressure
dependence of the gap values in CaFe2As2
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Abstract
In a recent paper of Gonnelli et al. [1], the first directional point-contact Andreev-reflection
spectroscopy (PCARS) measurements on CaFe2As2 crystals under quasi-hydrostatic pressure are
reported and the pressure dependence of the gaps and the critical temperature is discussed. While Tc
exhibits a well-known smooth dependence and a broad maximum at about 0.6 GPa, both the gaps
determined by PCARS show an anomalous behavior for pressures equal to or slightly greater
than 0.55 GPa. In the small pressure range between 0.55 and 0.60 GPa the gaps increase very
sharply leading to a doubling of the ratio 2∆/kBTc. This peculiar behaviour is related to a sharp
change in the lattice structure that, in turn, produces a 2D-3D topological transition in the hole-like
Fermi surface sheet. In this work we show that all these results can be explained in the framework
of the three-band Eliashberg theory for the electron-spin fluctuation coupling (s+-symmetry) by
assuming a large increase of the electron-boson coupling constants in the 0.55-0.60 GPa pressure
range. The resulting large values of the coupling constants could be only effective values able to
mimic the effects of a new unknown boost mechanism for the coupling.
[1] R.S. Gonnelli, D. Daghero, M. Tortello, G.A. Ummarino, Z. Bukowski, J. Karpinski, P.G.
Reuvekamp, R.K. Kremer, G. Profeta, K. Suzuki and K. Kuroki, arXiv:1406.5623, to be
published on Scientic Reports.
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Development of multifilamentary Bi2Sr2CaCu2O8+x round wires and
dependence of the critical current on oxygen overdoping.
V. Zunino, A. Leveratto, V. Braccini , I. Pallecchi , M. Putti, A. Malagoli
CNR-SPIN, Genova, Italy
Abstract
Bi-2212/Ag round wires, thanks to their high critical current, high upper critical field, as well
as their round cross section, are potential conductor candidates for high field magnets
operating at 4.2K and possibly for magnets cooled by cryocoolers operating at 10-20 K.
However, a further improvement of the transport properties is still needed. It has already
observed that the main obstacle for the inter-grain current in Bi-2212 wires are the bubbles
grown inside the superconducting filaments during the melt stage. We solve this issue, which
is responsible of the degradation of the supercurrent over long lengths, by use of a suitable
alternation of groove rolling and drawing before the heat in order to enhance the filament
density [1]. To better understand the transport mechanism in such a wires, we investigate the
microstructure and nature of GBs, focusing attention on the role of Oxygen over-doping. With
measurements of critical current density Jc as a function of temperature and magnetic field,
residual magnetization and critical temperature Tc, we can observe the weak link behavior at
the GBs (either superconductor-insulator-superconductor SIS-type or superconductor-normal
metal-superconductor SNS-type junctions). In particular, we analyze Bi-2212 wires with
different Oxygen content, so we can underline the beneficial effect of Oxygen on GBs similar to
Ca over-doping in YBCO. Furthermore, the behavior of Jc in an applied field may give
information on flux pinning dynamics, using collective pinning scaling laws. Finally, the
Jc(T,B) characterization allows to define the appropriate operation conditions of Bi-2212
wires in practical applications.
[1] A Leveratto, V Braccini, D Contarino, C Ferdeghini and A Malagoli, Supercond. Sci. Technol.
29 045005 (2016)
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Growth process and pinning properties of YBa2Cu3O7- thin films obtained by
low fluorine MOD for coated conductors applications
A. Angrisani Armenio1, V. Galluzzi1, V. Pinto1, A. Augieri1, A. Mancini1, L. Piperno1, A.
Rufoloni1, A. Vannozzi1, G. De Marzi1, M. Nasui,2, R. B Mos,2, L. Ciontea,2, T. Petrisor,2, G.
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Abstract
YBa2Cu3O7-(YBCO) films derived by low fluorine metal-organic decomposition (MOD) on
SrTiO3 (STO) single crystal and commercial metallic template were successfully grown.
Moreover, adding, in YBCO films, artificial pinning centers (APC) prove to be an excellent way
to tune and improve high performances at high magnetic fields. To control and enhance the
performance of the superconducting films, the electrical resistance of pyrolyzed films was
monitored during the firing process in order to study the conversion from the oxides mixture,
where the sample is mostly insulating, to the YBCO phase. From these measurements it was
possible to observe that the behavior of the resistance changes by varying the water pressure of
the environment. These changes can be related to the films growth rate (GR) variation. A linear
proportional behavior for (GR)2 as a function of the water pressure has been observed, in
agreement with a recently theory proposed for MOD YBCO film with and without APC derived
by a trifluoroacetate coating solution. The presence of APC does not influence the GR of the
superconducting film. Different type of APC, i.e. BaZrO3 (BZO), CaZrO3 (CZO), Ba2YTaO6
(BYTO) and Y2O3 (YO), have been tested and used to evaluate their influence on different
structural, morphological and transport properties. Current-Voltage (I-V) and hysteresis loops
(M-H) characteristics, at different applied magnetic fields and different angular orientations,
have been collected at different temperatures and magnetic fields with the purpose of
investigating the superconducting properties in the all vortex regime and the different behavior
of the different APCs.
Acknowledgements: This work has been carried out within the framework of the
EUROfusion Consortium and has received funding from the Euratom research and
training program 2014-2018 under grant agreement No 633053. The views and
opinions expressed herein do not necessarily reflect those of the European Commission.
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A comparison between Barium-based composites for APC introduction in
YBCO coated conductors
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Armenio1, V. Pinto1, T. Petrisor2, L. Ciontea2, A. Frolova4, G. Celentano1, A. Meledin5,
G. Van Tendeloo5
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Abstract
The inclusion in YBa2Cu3O7-x (YBCO) films of different Barium-based composites for Artificial
Pinning Centers development has been proved to strongly improve the in-field superconductor
transport performances.
In this work, YBCO films with the addition of BaZrO3, Ba2YTaO6 (BYTO) and mixed
Ba2YTaO6/Ba2YNbO6 (BYNTO) were developed by pulsed laser deposition and the effect of the
deposition parameters on the samples properties was studied.
The samples morphological properties for the different growth conditions were evaluated by
Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM). The films structural
features were analysed by X-Ray diffraction, showing the presence APC secondary phase in highly
c-axis oriented YBCO films. The planar and the cross-sectional structure of the films, analysed by
Transmission Electron Microscopy (TEM), reveal the presence of APC whose structure is affected
by the composition and growth conditions of the inclusion material. Films transport properties were
were measured by I-V characteristics, performed at different values of magnetic field and
temperatures, in order to compare the effect of the inspected different Ba-Based materials as
pinning sites.
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Far infrared sensor by heavy-ion lithography on superconducting films
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Abstract
Heavy-ion lithography is a state-of-the-art technique for material modification at the atomic scale,
which is currently defined on micron-scale patterning due to the high-energy of the used particles
[1]. We applied this technique for tailoring the local electronic properties of superconducting films
(in particular, high temperature superconductors). The heavy-ion lithography allows us to control
the local critical temperature, without broadening the superconducting transition. Therefore, at fixed
temperature, localized dissipative response can be induced in a patterned irradiated sample by an
external magnetic field or photon source [2]. Here we focus on the development of positionsensitive far infrared detectors, working above the liquid nitrogen temperature [3]. The
characterization of the produced devices shows a photo-responsivity above 1 V/W, in the far
infrared region. Calculations for further engineering of these device in portable cryostats are
envisioned by finite element modelling.

[1] A. Rovelli, A. Amato, D. Botta, A. Chiodoni, R. Gerbaldo, G. Ghigo, L. Gozzelino, F. Laviano,
B. Minetti, and E. Mezzetti, Nucl. Instr. Meth. Phys. Res. B 240, 842 (2005).
[2] F. Laviano, R. Gerbaldo, G. Ghigo, L. Gozzelino, B. Minetti and E. Mezzetti, Applied Physics
Letters 89, 082514 (2006); R. Gerbaldo, G. Ghigo, L. Gozzelino, F. Laviano, G. Lopardo, B.
Minetti, E. Mezzetti, R. Cherubini, and A. Rovelli, J. Appl. Phys. 104, 063919 (2008).
[3] F. Laviano, R. Gerbaldo, G. Ghigo, L. Gozzelino, B. Minetti, A. Rovelli, and E. Mezzetti, IEEE
Sensors 10, 863 (2010).
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Shielding properties of superconducting and superconducting/ferromagnetic
superimposed systems
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Abstract
The superimposition of one or more ferromagnetic (FM) layers to a superconducting (SC) shield
has been proved either by experiments [1] or by computing [2] to increase SC shield efficiency,
even allowing the cloaking of dc and ac magnetic fields [3,4].
In this framework, we compared both experimentally and numerically the shielding properties of
SC and superimposed SC/FM systems, consisting of cylindrical cups with an aspect ratio of
height/radius close to unity. Magnetic flux density measurements carried out on a single MgB2 cup
and on two coaxially mounted MgB2/Fe cups up to 1.5 T and at T = 20 and 30 K highlighted that at
high applied fields the shielding efficiency of the superimposed system overcomes by more than a
factor of three that of the single MgB2 cup. In contrast, the single MgB2 cup is the best solution at
low applied fields [5].
These experimental data were successfully reproduced [6] by using a finite element method based
on a vector potential formalism [7]. Thus, this calculation approach was exploited to investigate
how to improve the low-field shielding properties of superimposed SC/FM systems. Both bilayer
structures with the SC cup placed inside the FM one and multilayer structures made of two SC and
two FM alternating cups were considered. The analysis highlighted that, at low applied fields, the
occurrence of a height difference in the edge of the SC/FM cups as well as a suitable choice of the
lateral gap between the cups is a key factor to obtain hybrid structures with a shielding potential
comparable to, or even higher than, that of the single SC cup [7]. In contrast, at high applied fields
all the investigated hybrid arrangements always provide much greater shielding factors than the SC
cup alone. Both at low and high applied fields the multilayer solutions come out to be the hybrid
shields with the highest efficiency [8].
[1] A. Omura A. et al., Physica C 386, 506 (2003)
[2] G.P. Lousberg et al., IEEE Trans. Appl. Supercond. 20, 33 (2010)
[3] F. Gömöry et al., Science 335, 1466 (2012)
[4] J. Prat-Camps et al., Scientific Report 5, 12488 (2015)
[5] L. Gozzelino et al. Supercond. Sci. Technol. 25, 115013 (2012)
[6] L. Gozzelino et al., Supercond. Sci. Technol. 29, 034004 (2016)
[7] F. Gömöry et al., Supercond. Sci. Technol. 22, 034017 (2009)
[8] L. Gozzelino et al., J Supercond. Nov. Magn., submitted
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Single s-wave superconductivity of non-centrosymmetric
Nb0.18 Re0.82 thin films probed by tunneling spectroscopy
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2

Superconducting thin films of the non-centrosymmetric superconductor Nb0.18 Re0.82 were deposited by UHV sputtering technique. After a preliminary X-Ray Di_raction (XRD) analysis of
the films, a detailed electrical characterization of the samples as a function of the thickness (3.5 nm
≤d ≤ 142 nm), was performed both in the normal and in the superconducting state. In particular,
RRR (residual resistivity ratio), resistivity _ (both at room temperature and T = 10 K) and superconducting transition temperature Tc were studied as a function of d. The estimated value of the
upper critical field µ0 Hc2 was found comparable to the Pauli limit. In addition, static and dynamic
properties of the vortex lattice were investigated, focusing on critical current densities and vortex
lattice instabilities. Finally, the symmetry of the order parameter was probed by tunnel spectroscopy
on Al/Al2/O3/NbRe heterostructures which provides evidence for a single s-wave superconducting
gap.
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Complete photoemission experiment for probing spin texture at surfaces: commissioning of
VLEED detectors for 3D spin-resolved ARPES and first experiments.
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Abstract

Measuring spin-resolved density of states of solid surfaces is the key to access the magnetic properties of low
dimensional systems as well as to investigate the band structure spin texture of complex materials where the
electronic properties arise from spin-orbit coupling effects, such as the topological insulators.
We designed and developed the 3D vectorial spin polarimeter based on the very low-energy electron diffraction
(VLEED) within the NFFA-Trieste facility project[1]. The spin polarimeters are combined with a state of art ARPES
analyzer and the whole system is installed on the Low-Energy branch of the Advance Photoelectric Effect beamline
(APE-LE), working with variably polarized synchrotron radiation tunable in 10-100 eV range from the Elettra storage
ring at Trieste. This apparatus allows to perform the so-called Complete Photoemission Experiment, in which the full
quantum set of the photoemitted electron final state is determined, enabling an advanced analysis of the initial bound
electron states in solids. The detector performances were tested on the small Rashba splitting of the Au(111) surface
state (fig.1) and the results show the system is well-performing and competitive at international level (120 ± 5 meV
resolution, Seff = 0.5), making up an advanced system for spin and angular-resolved photoemission (Spin-ARPES).
Topological properties of Bi2Se3 were then investigated with the newly built Spin-ARPES apparatus both from
in-situ cleaved bulk samples (fig.2) and from in-situ grown films (fig.3). Epitaxial, (000l) oriented, bismuth-selenide
thin films were grown by means of Pulsed Laser Deposition system, implanted on the operational infrastructure of
the APE-NFFA laboratory[1]. Such an infrastructure consists of a suite of interconnected UHV chambers that directly
connect the PLD growth chamber to all the surface characterization methods and in particular to spectroscopic
probing technique using Elettra synchrotron facility. The ARPES data showed a single Dirac cone in the center of
the Bi2Se3 Brillouine zone and the spin-ARPES experiment evidenced the spin features fingerprints of the topological
insulators, whose spin helical texture is strictly linked to the crystal momentum in the topological surface state[2].

[1]
[2]

http://www.trieste.nffa.eu/
Chiara Bigi, master thesis, Università degli Studi di Milano, 2016
1a)

1b)

1c)

2)

3)

fig.1) VLEED commissioning on Au(111) surface state: 1a) cartoon of spin polarized parabola
split by the Rashba effect, 1b) spin integrated ARPES data shows the splitting of the surface
state, 1c) Spin-ARPES data resolves the spin polarization of the two split parabola.
fig.2) Spin-ARPES experiments on Bi2Se3 single crystal shows the
Dirac cone spin helicity characteristic of topological insulators.
fig.3) the same Spin-ARPES experiments performed on in-situ
grown Bi2Se3 thin films.
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Abstract
The past few years have been characterized by increasing theoretical and experimental efforts aiming
at the identification of new classes of materials with non-trivial topological properties.
One of the greatest recent achievements is the discovery of topological insulators in both twodimensional and three-dimensional systems. A peculiar aspect which identifies a non-trivial
topological insulator is the presence of an insulating bulk but gapless conductive surface states that
are protected by bulk band topology. Moreover, topological insulating states are characterized by a
non-zero invariant called Chern number.
The 1D systems are usually supposed to be topologically trivial since topology arises as the Brillouin
zone forms a torus and thus the wave vectors in both the x- and y-directions are needed. However,
in recent years [2] it has been demonstrated the possible emergence of non-trivial topological
properties in one dimensional systems, through the introduction of a virtual dimension. For instance,
a shift δ of the periodic potential has been introduced in order to study the topological phases in the
1D spinless Harper model, which is relevant within the context of photonic systems, due to its
possible realization in optical lattices.
In the present work, we address the possible emergence of topological states in a spinful system in a
1D periodic potential, analysing the role of the external magnetic field and the Rashba spin-orbit
interaction in the generation of topologically non trivial insulating phases [3].
The topological character of the insulating phases we found has been determined through the
calculation of the corresponding Chern numbers, by applying a numerical method specifically
developed for discrete systems [4].
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