
Book of Abstracts

MultiSuper 2023  
Multicomponent  Superconductivity and Superfluidity



Booklet for print use.More details about the conference can be found at:
http://www.multisuper.org/multisuper-2023

2

http://www.multisuper.org/multisuper-2023


Contents

About 4MultiSuper 2023 : Multicomponent Superconductivity and Superfluidity . . . . . . . . . . . . . 4Topics of interest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4Organizing committee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4Local organizers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Timetable 5Friday – September 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5Saturday – September 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6Sunday – September 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
List of Abstracts – Talks 8Talks (in alphabetic order) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8Posters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3



About

MultiSuper 2023 : Multicomponent Superconductivity and Superfluidity

This international conference provides an excellent forum for presenting and discussing recent developments and
novel ideas in diverse fields of superconductivity and superfluidity, in the beautiful seaside town of San Benedetto
del Tronto, in the south of Le Marche region of Italy. During the conference we will discuss opportunities to establish
large collaboration efforts or empowering existing ones, as well as to plan joint participation to international projects.
Young participants will be able to look and discuss opportunities for doctoral or post doc positions. Cross-fertilization
and merging of capacities and methods will be encouraged in a very interactive atmosphere.

Topics of interest

• Fluctuations and BCS-BEC crossover phenomena in low dimensional systems.
• Hybrid systems, superconductivity at the interfaces, and coexistence of phases.
• Highly nonlinear phenomena: Josephson and Andreev effects, topological defects, skyrmions andsolitons, vortex states.
• Novel phenomena in multicomponent / multigap superconductors and superfluids.
• Innovative numerical methods

Organizing committee

Roberta Citro, University of SalernoMilorad V. Milosevic, University of Antwerp, BelgiumDavid Neilson, University of Antwerp, Belgium and FLEET, AustraliaAndrea Perali, University of Camerino, Italy
Local organizers

Luis A. Peña Ardila and Andrea Perali, University of Camerino, Italy
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Timetable

CT=invited talk
Friday – September 8

14:30–15:00 Welcome remarks

15:00–15:30 CT Roberta Citro A novel platform for topologicalsuperconductivity in multiband andmultiorbital systems
15:30–16:00 CT Yukio Hasegawa 2D superconductivity vs. disorder: Pbmonolayer superconductors formed onvicinal Si(111) substrates
16:00–16:30 CT Jonas Bekaert The road to superconducting MXenes
16:30–17:00 Break and discussions

17:00–17:30 CT Dario Daghero Protonation-induced superconductivity in1T-TiSe 2
17:30–18:00 CT Tommaso Confalone Twisted cuprate van der Waalsheterostructures with controlledJosephson coupling
18:00–18:30 CT Stefano Lupi The Electrodynamics Properties ofSuperconducting Nd0.8Sr0.2NiO2Nickelate
18:30-19:00 CT Patric Holmvall Robust and tunable coreless vortices andfractional vortices as direct signature ofchiral d-wave superconductivity
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Saturday – September 9

9:30–10:00 CT Sergio Caprara Competition between superconductivityand charge order in cuprates: athermodynamic phase diagram
10:00–10:30 CT Antonio Bianconi Engeenering new artificial high-Tcsuperlattices tuned at the Fano-Feshbachresonance by quantum design
10:30–11:00 CT Massimo Capone Electron-boson coupling in multiorbitalquantum materials11:00–11:30 Coffee Break

11:30–12:00 CT Christopher Vale Amplitude oscillations in ultracold Fermigases
12:00–12:30 CT Tasakada Shibauch Unusual BCS-BEC crossover and exoticsuperconducting states in FeSe-basedmaterials
12:30–13:00 CT Andrii Kuibarov Superconducting arcs in PtBi2
13:00–15:00 Lunch Break

15:00–15:30 CT Giovanni Midei

Sweeping across the BCS-BEC crossover,reentrant, and hidden quantum phasetransitions in two-band superconductorsby tuning the valence and conductionbands
15:30–16:00 CT Jordi Boronat Liquid and solid phases of dipolar atoms ina multilayer
16:00-16:30 CT Serghei Klimin Low-lying collective excitations ofsuperconductors and charged Fermisuperfluids in the BCS-BEC crossover
16:30-17:00 CT Leonardo Pisani Josephson effect and Landau criticalvelocity in the BCS-BEC crossover17:00–18:30 Poster session with drinks and snacks.20:00 Conference dinner at “XXX” Restaurant.

Sunday – September 10

10:30-11:00 CT Gianni Profeta Unveiling the pairing symmetry of thesuperconducting Sn/Si(111) viaangle-resolved THz pump spectroscopy
11:00-11:30 CT Claudio Guarcello Thermoelectric signatures oforder-parameter symmetries in iron-basedsuperconducting tunnel junctions
11:30–12:00 CT Sathish Kumar Paramavisam High-Tc BKT superconducting transition in2D systems with coupled deep andquasi-flat electronic bands with vHs
12:00–12:30 CT Hiroyuki Tajima Multi-component Quantum Gases inUltracold Atoms, Condensed Matter, andNuclear Systems
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12:30–13:00 CT Bilal Tanatar Density and pseudo-spin rotons in a bilayerof soft-core bosons13:00–15:00 Lunch Break

15:00–15:30 CT Davide Valentinis Fermi-liquid to non-Fermi liquid crossoversin the superconducting Yukawa-SYK modelon a lattice
15:30–16:00 CT Andrea Richaud Making ghost vortices visible intwo-component Bose-Einsteincondensates
16:00–16:30 CT Alice Bellettini Relative dynamics of quantum vortices andmassive cores in binary BECs16:30–17:00 Coffee Break

17:00–17:30 CT Milorad V. Milosevic Vortex matter in multicomponentsuperconductors
17:30–18:00 CT Andrea Perali Screening of pair fluctuations in multibandsuperconductors: a mechanism to stabilizehigher-Tc superconductivity
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The road to superconducting MXenes

Jonas Bekaert, Cem Sevik, and Milorad Milosevic
Department of Physics, University of Antwerp, Groenenborgerlaan 171, 2020 Antwerpen, Belgium

e-mail: jonas.bekaert@uantwerpen.be

I will present our first-principles roadmap for superconductivity in MXenes – an emerging materials familycomprising two-dimensional transition metal carbides and nitrides – constructed over several years ofresearch [1-3]. With our seminal exploration of superconductivity in pristine MXene monolayers as thepoint of departure [1], we will navigate through various ways to achieve enhanced superconductivity inMXenes by functionalization with hydrogen [2] and other functional atoms (e.g., chlorine and sulfur) [3],and by applying strain and gating [3]. Along the way, I will demonstrate how the intricate interplay betweenelectrons and phonons leads up to the emergence of superconductivity in MXenes. Finally, I will discussrecent experimental efforts that successfully realized superconductivity in diverse functionalized MXenes.

Figure 0.1: Strain- and gating-enhanced superconductivity in functionalized niobium-carbide MXenes [3].
References[1] J. Bekaert, C. Sevik, and M. V. Milosevic, “First-principles Exploration of Superconductivity in MXenes”,Nanoscale 12, 17354 (2020).[2] J. Bekaert, C. Sevik, andM. V. Milosevic, “Enhancing superconductivity inMXenes through hydrogenation”,Nanoscale 14, 9918 (2022).[3] C. Sevik, J. Bekaert, and M. V. Milosevic, “Superconductivity in functionalized niobium-carbide MXenes”,Nanoscale 15, 8792 (2023).



Relative dynamics of quantum vortices and massive cores in binary BECs

Alice Bellettini, A. Richaud, and V. Penna
Dipartimento Scienza Applicata e Tecnologia, at Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129

Torino, Italy
e-mail: alice.bellettini@polito.it

We study vortices withmassive cores [1], [2] in binarymixtures of Bose-Einstein condensates. We consider thecase of a simple 2D disc geometry. Taking up the work of Richaud et al. [3], [4], we introduce a point-vortexmodel where quantum vortices in the majority species are coupled to the corresponding core masses, i. e.local peaks of the minority species. The point-like dynamics is obtained via a variational Lagrangian approach.In parallel, we validate our analytical results via the numerical resolution of two coupled Gross-Pitaevskiiequations. Conversely to the previous works [3], [4], where a vortex centre was assumed coincident with thecentre of its massive core, we instead introduce a more refined dynamical model: here, the two objects aredescribed by independent sets of dynamical variables and coupled by an harmonic term. Consequently, westudy the effect of the new degree of freedom on the vortex-mass relative motion and average dynamics.
As already observed, the first striking effect of the second species is a change of trajectory. Whereas amassless vortex in a 2D disc moves of uniform circular motion, in presence of a second species some radialoscillations may arise. Specifically, our new model brings to a more articulated normal mode analysis,and improves the previous model thanks to the dependency of the small oscillations on the inter-speciescoupling parameter gab. This dependency could not be appreciated in the previous model as it did notinclude the parameter gab at all. On the other hand, we confirm that, within the physical ranges of thecoupling parameters, there is no significant relative motion of the vortex with respect to its core mass.
References[1] M. R. Matthews et al., Phys. Rev. Lett. 83, 2498 (1999).[2] B. P. Anderson et al., Phys. Rev. Lett. 85, 2857 (2000).[3] A. Richaud et al., Phys. Rev. A 101, 013630 (2020).[4] A. Richaud et al., Phys. Rev. A 103, 023311 (2021).



Engeenering new artificial high-Tc superlattices tuned at the Fano-Feshbach
resonance by quantum design

Antonio Bianoni
Rome International Center for Materials Science, Superstripes Via dei Sabelli 119A, 00185 Roma, Italy

e-mail: alice.bellettini@polito.it

While the search for new high-temperature superconductors was driven for decades by the empirical"trials and errors" method, recently the synthesis of Artificial High- Tc Superlattices (AHTS) designed byquantum mechanics theory at the nanoscale opening the roadmap for engineering a new class of hightemperature superconductors has been reported [Logvenov et al, Condenseed Matter (2023)]. Followingthe predictions of quantum theory [Mazziotti M.V., et al., Journal of Applied Physics 132, 193908 (2022)]we nanoscale superlattices of quantum wells with their high- Tc superconducting dome have designed bycontrolling via the conformational parameter of the superlattice geometry, Using molecular beam epitaxy(MBE) many AHTS sampleswe have been grown made of first layers of stoichiometric La2CuO4(LCO) unitsof thickness L, electronic doped by interface space charge, intercalated by second non-superconductinglayers La1.55Sr0.45CuO4 (LSCO) of thicknessW forming a superlattice of period d. The agreement betweenthe experimental superconducting dome with the theoretical dome predicted by the Bianconi Perali Valletta(BPV) theory [A. Perali et al. Solid State Cmmuniaations 100, 181 (1996), A. Bianonii Physica C 296„ 269(1998) for AHTS validates the prediction that the superconducting dome is due to a Fano-Feshbach or shaperesonance in multigap superconductivity driven by quantum nanoscale confinement while for decades itnature remained elusive and object of controversy inspite it was considered the hallmark of the strangemetal phase giving high temperature superconductivity.



Liquid and solid phases of dipolar atoms in a multilayer

Jordi Boronat, Grecia Guijarro, and Gregory E. Astrakharchik
Departament de Física, Campus Nord B4-B5, Universitat Politècnica de Catalunya, 08034 Barcelona, Spain

e-mail: jordi.boronat@upc.edu

We show that ultradilute quantum liquids can be formed with ultracold bosonic dipolar atoms in a bilayergeometry. Contrary to previous realizations of ultradilute liquids, there is no need of stabilizing the systemwith an additional repulsive short-range potential. The advantage of the proposed system is that dipolarinteractions on their own are sufficient for creation of a self-bound state and no additional short-rangepotential is needed for the stabilization. We perform quantum Monte Carlo simulations and find a richground state phase diagram that contains quantum phase transitions between liquid, solid, atomic gas, andmolecular gas phases. The stabilization mechanism of the liquid phase is consistent with the microscopicscenario in which the effective dimer-dimer attraction is balanced by an effective three-dimer repulsion.The equilibrium density of the liquid, which is extremely small, can be controlled by the interlayer distance.From the equation of state, we extract the spinodal density, below which the homogeneous system breaksinto droplets. Our results offer a new example of a two-dimensional interacting dipolar liquid in a clean andhighly controllable setup [1]. Going from a bilayer to a multilayer geometry, we observe that a crystal phase,of very low density, can be stabilized due to the increase of attraction between atoms in different layers[2].

References[1] G. Guijaro, G. E. Astrakharchik, and J. Boronat, Phys. Rev. Lett. 128, 063401 (2022).[2] G. Guijaro, G. E. Astrakharchik, and J. Boronat, in preparation.



Electron-boson coupling in multiorbital quantum materials

M. Capone
International School for Advanced Studies (SISSA),Via Bonomea 265, 34136 Trieste, Italy

Istituto Officina dei Materiali (CNR-IOM), Via Bonomea 265, 34136 Trieste, Italy
e-mail: capone@sissa.it



Competition between superconductivity and charge order in cuprates: a
thermodynamic phase diagram

S. Caprara, J. Lorenzana, I. Maccari, and G. Venditti
Dipartimento di Fisica, Università di Roma Sapienza, piazzale Aldo Moro 5, 00185 Roma, Italy

e-mail: sergio.caprara@uniroma1.it

We argue that there is a specific value of the doping in the temperature vs. doping phase diagram of cuprates,such that a charge-ordered and a superconducting phase are degenerate in energy, but are separated by anenergy barrier. We discuss a Monte Carlo analysis of a model that is apt to capture this physics, withoutand with quenched disorder. While in the absence of disorder charge order and superconductivity areseparated by a first-order line which is nearly independent of temperature, in the presence of quencheddisorder, charge order is fragmented into domains separated by superconducting filaments reminiscent ofthe supersolid behavior in 4He. The behavior of various physical quantities and the resulting phase diagramare in good agreement with the experiments.
References[1] Giulia Venditti, Ilaria Maccari, Jose Lorenzana, Sergio Caprara, arXiv:2306.17094 (2023).



A novel platform for topological superconductivity in multiband and
multiorbital systems

R. Citro
Physics Department "E.R. Caianiello" and CNR spin, Universitá degli studi di Salerno, Via Giovanni Paolo II,

132, I-84084 Fisciano (Sa), Italy
e-mail: rocitro@unisa.it

I will first review the properties of toy-models for topological superconductivity, the Kitaev chain and itsgeneralizations. After discussing the topological phase diagram of the isolated system, using a scattering tech-nique within the Bogoliubov–de Gennes formulation, I will discuss the differential conductance propertiesas a function of all relevant model parameters[1]. The relevant problem of implementing local spectroscopicmeasurements to characterize the Majorana fermions useful in quantum technologies is also addressed.Then, I will present a novel platform for topological superconductivity based on 2DEGs at LAO/STO interface.Here the interplay of spin-orbit interaction and intrinsic superconductivity may induce a topological phasetransition in an applied magnetic field with strong orbital character[2,3]. The conclusions will address thedesign of various nanowire-based mesoscopic devices for topological computation[4,5].
References[1] A. Maiellaro; F. Romeo; C.A. Perroni, V. Cataudella; R. Citro, Unveiling Signatures of Topological Phases inOpen Kitaev Chains and Ladders, Nanomaterials 9, 894 (2019)[2] C.A. Perroni, V. Cataudella, M. Salluzzo, M. Cuoco and R. Citro, Evolution of topological superconductivityby orbital selective confinement in oxide nanowires, Physical Review B, 100, 094526 (2019)[3] J. Settino, F. Forte, C. A. Perroni, V. Cataudella, M. Cuoco, and R. Citro, Spin-orbital polarization ofMajoranaedge states in nanowire oxides, Physical Review B 102, 224508 (2020)[4] A. Barthelemy, N. Bergeal, M. Bibes, A. Caviglia, R. Citro, M. Cuoco, A. Kalaboukhov, B. Kalisky, C. A.Perroni,J. Santamaria, D. Stornaiuolo and M. Salluzzo, Quasi-two-dimensional electron gas at the oxideinterfaces for topological quantum physics, Eur. Phys. Lett., 133, 17001 (2021)[5] G. Singh et al. Gate-tunable pairing channels in superconducting non-centrosymmetric oxides nanowires,npj Quantum Materials 7, 2 (2022)[6] A. Maiellaro et al., Hallmarks of non-trivial topology in Josephson junctions based on oxide nanochannels,Phys. Rev. B 107, L201405 (2023)



Twisted cuprate van der Waals heterostructures with controlled Josephson
coupling

Tommaso Confalone1,2, Mickey Martini1,2, Yejin Lee1,2, Sanaz Shokri1,2, Christian N. Saggau1, Daniel
Wolf1, Genda Gu3, Kenji Watanabe4, Takashi Taniguchi5, Domenico Montemurro6, Valerii M. Vinokur7,8,

Kornelius Nielsch1,2,9, and Nicola Poccia1
1Leibniz Institute for Solid State and Materials Science Dresden (IFW Dresden), 01069 Dresden, Germany

2Institute of Applied Physics, Technische Universität Dresden, 01062 Dresden, Germany
3Condensed Matter Physics and Materials Science Department, Brookhaven National Laboratory, Upton, NY

11973, USA
4Research Center for Functional Materials, National Institute for Materials Science, 1-1 Namiki, Tsukuba

305-0044, Japan
5International Center for Materials Nanoarchitectonics, National Institute for Materials Science, 1-1 Namiki,

Tsukuba 305-0044, Japan
6Department of Physics, University of Naples Federico II, 80125 Naples, Italy
7Terra Quantum AG, Kornhausstrasse 25, CH-9000 St. Gallen, Switzerland

8Physics Department, CUNY, City College of City University of New York, 160 Convent Ave, New York, NY
10031, USA

9Institute of Materials Science, Technische Universität Dresden, 01062 Dresden, Germany
e-mail: t.confalone@ifw-dresden.de

Twisted van der Waals heterostructures comprising high temperature Bi2Sr2CaCu2O8+δ cuprate supercon-ductors represent an ideal platform for controlling the efficient Josephson coupling between the layers.However, the tendency of the material to lose doping oxygen and its high reactivity to moisture makesthe realization of interfaces with preserved superconductivity extremely challenging. Our work focuses onthe superconducting properties of twisted Bi2Sr2CaCu2O8+δ Josephson Junctions, created combining thecryogenic dry stacking method and the encapsulation technique, which blocks detrimental disorder at theinterface throughout the entire fabrication process. The obtained junctions display a high superconductingtransition temperature and a Josephson critical current strongly dependent on the twisting angle, in agree-ment with the anisotropic d-wave superconducting order parameter of the crystal. The Josephson criticalcurrent Ic has a maximum value at low twist angles, comparable to that of the bulk intrinsic Josephsonjunctions, and is reduced by two orders of magnitude near 45 degrees, where direct Cooper pair tunnelingis suppressed due to the mismatch between the two order parameters.
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Figure 0.2: Up left: Optical micrograph of a representative device. Bottom left: TEM image displaying the cross-section of a
twisted junction. Right: Josephson coupling, defined as the critical current times normal resistance, versus twist angle.

References[1] Lee, Yejin, et al. "Encapsulating High-Temperature Superconducting Twisted van der Waals Heterostruc-tures Blocks Detrimental Effects of Disorder." Advanced Materials 35.15 (2023): 2209135.[2] M. Martini, et al. "Twisted cuprate van der Waals heterostructures with controlled Josephson coupling."Materials Today (2023).
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Protonation-induced superconductivity in 1T − TiSe2

Dario Daghero 1, Erik Piatti 1 , Martina Meinero 2, Marina Putti 2 , Gianrico Lamura2 , Pietro Carretta3 ,
Giacomo Prando3, Stefano Roddaro4, Toni Shiroka5, Cesare Tresca6, Gianni Profeta6vand Renato

Gonnelli1
1 Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy

2 Department of Physics, Università di Genova and CNR SPIN, Genova, Italy
3 Department of Physics, Università di Pavia, Pavia, Italy

4 Istituto Nanoscienze-CNR, NEST and Scuola Normale Superiore, Pisa, Italy
5 Laboratorium für Festkörperphysik, ETH Zürich, CH-8093 Zürich, Switzerland

6 Department of Physical and Chemical Sciences, Università dell’Aquila, L’Aquila, Italy
e-mail: dario.daghero@polito.it

The recent discovery of near-room temperature superconductivity (SC) in hydrides under pressure hashighlighted the potential of hydrogen as a dopant and a knob for tuning the electronic and the phononicspectra of a material [1, 2]. One of the routes to create H-rich materials is protonation induced by ionicliquid gating [3], which makes it possible to insert H atoms in crystallographic positions unattainable by aconventional synthesis approach. Here, we demonstrate that electric field-driven hydrogen intercalationvia the ionic-liquid-gating method allows the non-volatile control of the electronic ground state of titaniumdiselenide (1T-TiSe 2 ) leading to the appearance of a new SC phase in HxTiSe2 with Tc ∼ 3.6 K. Thanks tothe stability over time of this phase, we were able to carry out many different transport and spectroscopiccharacterizations of the SC state [3]. Fully protonatedHxTiSe2 crystals (x ≈ 2) display negligible structuralalterations with respect to the pristine compound, vestigial CDW signatures in the resistivity curve ρ(T ),and robust bulk superconductivity with Tc ∼= 3.6 K. The superconducting transition temperature Tc andthe temperature of CDW onset, TCDW ∼= 200 K, are actually independent of the gating time, i.e. of the Hconcentration x, while the intensity of the CDW anomaly in the ρ(T ) curve decreases on increasing x. Thissuggests a phase separation rather than a coexistence of the two orders. The temperature dependence ofthe critical field, for H//ab or H//c, suggests the SC phase to be multi-band and quasi-2D, and is compatiblewith the BCS-based model for the upper critical field of multiband dirty superconductors [4]. Preliminarymeasurements of point-contact spectroscopy in HxTiSe2, carried out at 300mK, seem to confirm thispicture.
References[1] L. Boeri et al., J. Phys.: Condens. Matter, 34, 183002 (2022).[2] J. A. Flores-Livas´et al. Physics Reports, 856, 1–78 (2020).[3] E. Piatti et al., arXiv:2205.12951, submitted, (2022).[4] A. Gurevich, Phys. Rev. B 67, 184515 (2003)



Thermoelectric signatures of order-parameter symmetries in iron-based
superconducting tunnel junctions

C. Guarcello1,2 , A. Braggio 3 , F. Giazotto 3 , R. Citro 1,2,4

1 Dipartimento di Fisica “E.R. Caianiello”, Università di Salerno, Via Giovanni Paolo II, 132, I-84084 Fisciano
(SA), Italy

2 INFN, Sezione di Napoli Gruppo Collegato di Salerno, Complesso Universitario di Monte S. Angelo, I- 80126
Napoli, Italy

3 NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, Piazza San Silvestro 12, I-56127 Pisa, Italy
4 CNR-SPIN c/o Università degli Studi di Salerno, I-84084 Fisciano (Sa), Italy

e-mail: cguarcello@unisa.it

Over the fifteen years since their discovery, iron-based superconductors (FeSCs) have been investigatedwith many experimental tools and different theoretical models. Despite the amount of efforts, the precisesymmetry of the superconducting order parameter still remains under dispute. The mostly accepted pairingstate falls within the standard weak-coupling s+− paradigm, however the multiband character of FeSCsoffers chances for more exotic pairing states. Here we demonstrate that an opportunity to address theunanswered question above is potentially provided by thermoelectric (TE) effect, offering a venture intounexplored directions [1]. Intriguingly, we show that linear TE effects in tunnel junctions with FeSCs, at lowtemperatures provide information about the superconducting order parameter symmetry. In particular,nodal order parameters present a maximal TE effect at temperatures one order of magnitude lower thannodeless cases. TE measurements may be very effective to investigate the gap symmetry in Fe-based systems,overcoming the difficulties of conventional phase-sensitive Josephson experiments with unconventionalpairing symmetries. Furthermore, we demonstrate that superconducting tunnel junctions between a Fe-based and a conventional BCS superconductors could provide astounding TE figures of merit, which may berelevant for energy harvesting applications and quantum technologies.
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Figure 0.3: (a) Cartoon of the thermally-biased tunnel junction formed by an FeSC and a normal or a s-wave superconducting
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(c) DoS,NFeSC (ε), (d) Seebeck coefficient, S(T ), and (e) figure of merit, ZT(T ) by changing the symmetry of theorder parameter. The inset in (a) illustrates the low-energy behaviour of the DoSs. The legend in panel (d) refers to allthe right panels.

References[1] C. Guarcello, A. Braggio, F. Giazotto, R. Citro, Thermoelectric signatures of order-parameter symmetries iniron-based superconducting tunnel junctions, arXiv:2303.07173



2D superconductivity vs. disorder: Pb monolayer superconductors formed on
vicinal Si(111) substrates

Yukio Hasegawa, Yudai Sato, and Masahiro Haze
The Institute for Slid State Physics, The University of Tokyo, Kashiwa, Japan

e-mail: hasegawa@issp.u-tokyo.ac.jp

Two-dimensional (2D) superconductors undergo transition into insulator by the application of magneticfields and/or the introduction of disorder even at zero temperature. As one of quantum phase transitions,the superconductor-insulator transition (SIT) has been investigated extensively, and recent studies on highlycrystalline 2D superconductors formed by molecular beam epitaxy, mechanical exfoliation, gating throughion liquid, etc, various unique quantum phases such as quantum metallic phase and quantum Griffithsphase have been reported. However, microscopic understandings on these curious phases are not sufficientyet since most of the experimental investigations are performed basically by transport methods, whichis fundamentally macroscopic. In this presentation, we will report on our effort trying to understand thetransition and quantum phases microscopically using scanning tunneling microscopy (STM). We investigatedsuperconductivity of Pb striped-incommensurate (SIC) phase, one of the stable mono-layer superconductingphases of the Pb/Si(111) system, and compared the results with those obtained by electron transportmeasurements. Since the ultimately-thin Pb superconductor was formed on various vicinal substrates, highdensity of steps, which work as a disorder and a Josephson coupling, was introduced into the superconductor,and the density can be well-controlled by adjusting the tilted angle. Through the observation of vorticesunder out-of-plane magnetic field we investigated the role of high density steps on its superconductivity.



Robust and tunable coreless vortices and fractional vortices as direct signature
of chiral d-wave superconductivity
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Two outstanding problems in condensed matter physics are the direct measurement of the superconductingpairing symmetry and topological invariants, especially in multi-component and chiral superconductors.Chiral superconductors belong to the class of integer quantum hall systems, with a Chern winding numberrelated to thewinding of the superconducting order parameter, and the appearance of topologically protectedchiral edgemodes. Interestingly, chiral d-wave superconductivitywas recently proposed in a range of differentmaterials, but characteristic experimental fingerprints are largely lacking. We show that quadruply quantizedcoreless vortices appear and offer a direct signature of both the Chern number and pairing symmetry,measurable with scanning-tunneling spectroscopy and magnetometry techniques [1]. Coreless vorticesare defined by a closed domain wall decorated with fractional vortices, such that superconductivity iseverywhere finite and non-singular. We find that the coreless vortex shape can easily be tuned, and theexperimental signature enhanced, by e.g. changing temperature and external magnetic fields. We also findthat the signature is robust against disorder, anisotropy, and for more general models [2].

Figure 0.4: Left (right): local density of states of a coreless vortex with antiparallel (parallel) chirality and vorticity, and with
conserved (spontaneously broken) axial symmetry, in a chiral d-wave superconductor.

References[1] P. Holmvall, A. M. Black-Schaffer, Coreless vortices as direct signature of chiral d-wave superconductivity,arXiv:2212.08156 (2023).[2] P. Holmvall. N. Wall-Wennerdal, A. M. Black-Schaffer, Robust and tunable coreless vortices and fractionalvortices in chiral d-wave superconductors, arXiv:2306.01202 (2023).



Low-lying collective excitations of superconductors and charged Fermi
superfluids in the BCS-BEC crossover
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We investigate theoretically the momentum-dependent frequency and damping of collective excitations ofsuperconductors and charged superfluids in the BCS-BEC crossover regime [1-8]. The study is based on theGaussian pair-and-density fluctuation method for the propagator of Gaussian fluctuations of the pair anddensity fields. Eigenfrequencies and damping rates are determined in a mutually consistent nonperturbativeway as complex poles of the fluctuation propagator.
The present talk is particularly focused on the case typical for most existing superconductors, where theplasma frequency strongly exceeds the gap [7, 8]. Consequently, collective excitations whose frequenciesare comparable with the pair-breaking threshold, are low-lying with respect to plasmons. Even in this case,the Coulomb interaction substantially influences spectra of these collective modes. Special attention is paidto new features in relation to previous theoretical studies, which were devoted to collective excitationsof superconductors in the far BCS regime. We find that at a sufficiently strong coupling, new branches ofcollective excitations appear, which manifest different behavior as functions of the momentum and thetemperature.
References[1] S. N. Klimin, H. Kurkjian and J. Tempere, Phys. Rev. A 100, 063634 (2019).[2] S. N. Klimin, J. Tempere and H. Kurkjian, Phys. Rev. A 103, 043336 (2021).[3] H. Kurkjian, S. N. Klimin, J. Tempere, and Y. Castin, Phys. Rev. Lett. 122, 093403 (2019).[4] S. N. Klimin, H. Kurkjian and J. Tempere, New J. Phys. 21, 113043 (2019).[5] H. Kurkjian, J. Tempere and S. N. Klimin, Sci. Rep. 10, 11591 (2020).[6] T. Repplinger, S. Klimin, M. Gélédan, J. Tempere, H. Kurkjian, Phys. Rev. B 107, 014504 (2023).[7] S. N. Klimin, J. Tempere and H. Kurkjian, Condens. Matter 8, 42 (2023) (published online).[8] S. N. Klimin, J. Tempere, T. Repplinger, and H. Kurkjian, New J. Phys. 25, 063011 (2023).



Superconducting arcs in PtBi2
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An essential ingredient for the production of Majorana fermions, which can be used for quantum computing,is the presence of topological superconductivity [1]. As bulk topological superconductors remain elusive,the most promising approaches exploit proximity-induced superconductivity [2] making systems fragile anddifficult to realize [3]. Weyl semimetals, due to their intrinsic topology, belong to potential candidates too [1].However the search for Majorana fermions has always been connected with the superconductivity in thebulk, leaving the possibility of intrinsic superconductivity of the Fermi surface arcs themselves practicallywithout attention, even from the theory side.
Here, by means of angle-resolved photoemission spectroscopy and ab-initio calculations, we unambiguouslyidentify topological Fermi arcs on two opposing surfaces of the non-centrosymmetric Weyl material PtBi2.We demonstrate that these states become superconducting at different temperatures, approximately 10K.Remarkably, the corresponding coherence peaks appear as the strongest and sharpest excitations everdetected by photoemission from solids, suggesting significant technological relevance. Our findings indicatethat topological superconductivity in PtBi2 occurs exclusively at the surface, which not only makes it an idealplatform to host Majorana fermions but may also lead to a unique quantum phase - an intrinsic topologicalSNS Josephson junction.
References[1] Sato, M., et al.: Topological superconductors: a review. Reports on Progress in Physics 80(7), 076501(2017)[2] Fu, L., et al.: Superconducting proximity effect and Majorana fermions at the surface of a topologicalinsulator. Phys. Rev. Lett. 100, 096407 (2008)[3] Frolov, S.: Quantum computing’s reproducibility crisis: Majorana fermions. Nature 592(7854), 350–352(2021)



The Electrodynamics Properties of Superconducting Nd0.8Sr0.2NiO2 Nickelate
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The intensive search for alternative non-cuprate high-transition-temperature (Tc) superconductors has takena positive turn recently with the discovery of superconductivity in infinite-layer nickelates. This discovery isexpected to be the basis for disentangling the puzzle behind the physics of high Tc in oxides. In the unsolvedquest for the physical conditions necessary for inducing superconductivity, we report on a broad-band opticalstudy of a Nd0.8Sr0.2NiO2 film measured using optical and Terahertz spectroscopy, at temperatures aboveand below the critical temperature Tc ∼ 13 K. The normal-state electrodynamics of Nd0.8Sr0.2NiO2, canbe described by a scattering time at room-T (τ = 1.3× 10−14 s
) and a plasma frequency (ωp = 5500 cm−1)in combination with an absorption band in the Mid-Infrared (MIR), characteristics of transition metal oxides,located around ω0 ∼ 2500 cm−1 and with an amplitude ωMIR of about 8000 cm−1. The degree of electroniccorrelation can be estimated using the ratio ω2

p/(ω
2
p + ω2

MIR). In the present system, this value is about0.32 indicating a strong electron correlation in the NiO2 plane with a similar strength as cuprates. From
300 K to 20 K, we observe a spectral weight transfer between the Drude and MIR band, together with astrong increase in the Drude scattering time, in agreement with DC resistivity measurements. Below Tc,a superconducting energy gap 2∆ ∼ 3.3meV can be extracted from the Terahertz reflectivity using theMattis-Bardeen model at finite temperature.



Sweeping across the BCS-BEC crossover, reentrant, and hidden quantum phase
transitions in two-band superconductors by tuning the valence and conduction

bands

Giovanni Midei1,2 and Andrea Perali 3
1School of Science and Technology, Physics Division, Università di Camerino, 62032 Camerino (MC), Italy

2INFN-Sezione di Perugia, 06123 Perugia, Italy
3School of Pharmacy, Physics Unit, University of Camerino, Via Madonna delle Carceri, 9B, Camerino (MC),

Italy
e-mail: giovanni.midei@unicam.it

Two-band electronic structures with a valence and a conduction band separated by a tunable energy gap[1] and with pairing of electrons in different channels can be relevant to investigate the properties of two-dimensional multiband superconductors and electron-hole superfluids, such as monolayer FeSe, recentlydiscovered superconducting bilayer graphene [2], and double-bilayer graphene electron-hole systems. Thiselectronic configuration also allows us to study the coexistence of superconductivity and charge-densitywaves in connection with underdoped cuprates and transition metal dichalcogenides. By using a mean-fieldapproach to study the system mentioned above, we have obtained numerical results for superconductinggaps, chemical potential, condensate fractions, coherence lengths, and superconducting mean-field criticaltemperature, considering a tunable band gap and different fillings of the conduction band, for a parametricchoice of the pairing interactions. By tuning these quantities, the electrons redistribute among valence andconduction band in a complex way, leading to a new physics with respect to single-band superconductors,such as density-induced and band-selective BCS-BEC crossover, quantum phase transitions, and hiddencriticalities [3]. At finite temperature, this phenomenon is also responsible for the nonmonotonic behaviorof the superconducting gaps resulting in a superconducting-normal state reentrant transition, without theneed of disorder or magnetic effects [4].
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Figure 0.5: Temperature dependence of the superconducting gaps opening in the conduction ∆2/t and valence ∆1/t bands, for
different values of the energy shift between the bands.
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High - Tc BKT superconducting transition in 2D systems with coupled deep and
quasi-flat electronic bands with vHs
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In the pursuit of higher critical temperature superconductivity, quasi-flat electronic bands and van Hovesingularities in two dimensions (2D) have emerged as a potential approach to enhance Cooper pairing on thebasis of mean-field expectations. However, their implementation has posed challenges as they suppress thesuperfluid stiffness and, hence, the Berezinskii-Kosterlitz-Thouless (BKT) transition in 2D superconductingsystems. Here, we address this issue by considering a 2D superconducting system with a quasi-flat bandhaving a strong coupling strength for pairing of electrons coupled to a deep band having weak coupling of itselectrons. Owing to multiband effects, here we demonstrate a screening-like mechanism circumventing thesuppression of the superfluid stiffness and explore the optimal conditions for achieving a large enhancementof the BKT transition temperature by tuning the intraband couplings and the pair-exchange coupling betweenthe band-condensates.

References
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Screening of pair fluctuations in multiband superconductors: a mechanism to
stabilize higher-Tc superconductivity
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The superconductivity in iron-based, magnesium diborides, and other high-Tc superconducting materials,including indications of high-Tc superconductivity in the organic potassium doped paraterphenyl, has astrong multi-band, multi-gap, and resonant character. Recent experiments support a BCS-BEC crossoverinduced by strong-coupling and proximity of the chemical potential to the band edge of one of the bands,with evidences for Lifshitz transitions associated with changes in the Fermi surface topology [1,2,3].
Here we study the BCS-BEC crossover, superconducting fluctuations, and complex pseudogap phenomenain a two-band / two-gap superconductor, considering tunable interactions, including mean-field and fluc-tuations effects. When the gap is of the order of the local chemical potential, superconductivity is in thecrossover regime of the BCS-BEC crossover and the Fermi surface of the small band is completely smearedby the gap opening. In this situation, small and large Cooper pairs coexist in the condensate, which is theoptimal condition for very high-Tc superconductivity, thanks to the screening of superconducting fluctuationsgenerated by the deep band, showing in addition unexpected consequences on the pseudogap phenomenonabove the critical temperature [4].
We discuss different physical systems in which themultigap andmultiband BCS-BEC crossover can be realized,pointing toward very high-Tc superconductivity. As an example we consider here superconducting stripesin which shape resonances and multigap physics at the band edge play a cooperative role in enhancingsuperconductivity in the crossover regime of pairing [4,5,6,7]. A key prediction of the above discussedphysics is recalled and discussed in comparison with experiments: the isotope effect of the superconductingcritical temperature in the vicinity of a Lifshitz transition, which has a unique dependence on the energydistance between the chemical potential and the Lifshitz transition point [6].
References[1] D. Innocenti, N. Poccia, A. Ricci, A. Valletta, S. Caprara, A. Perali, and A. Bianconi, Phys. Rev. B 82, 184528(2010).[2] A. Guidini and A. Perali, Supercond. Sci. Technol. 27, 124002 (2014).[3] S. Kasahara, et al., Proc. Natl. Acad. Sci. USA 111, 16309 (2014).[4] L. Salasnich et al. Phys. Rev. B 100, 064510 (2019). T. T. Saraiva et al., Phys. Rev. Lett. 125, 217003 (2020).H. Tajima et al., Phys. Rev. B 102, 220504(R) (2020).[5] A. Perali, A. Bianconi, A. Lanzara, N.L. Saini, Solid State Comm. 100, 181, (1996).[6] A. Perali, D. Innocenti, A. Valletta, A. Bianconi, Supercond. Sci. Technol. 25, 124002 (2012).[7] M. V. Mazziotti et al. Europhys. Lett. 118, 37003 (2017). N. Pinto et al., Condensed Matter 5, 78 (2020).



Josephson effect and Landau critical velocity in the BCS-BEC crossover
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Recent experiments in ultra-cold Fermi gases on the Josephson effect call for a theoretical approach wherebypairing fluctuations, that are crucial for a reliable description of the BCS-BEC crossover, must be combinedwith non-trivial inhomogenous geometries, that is the simultaneous presence of a barrier and a trap. Suchunique task is achieved here by performing a spatial coarse-graining of the Bogoliubov-deGennes equationsand by embedding pairing fluctuations via the associated current density. The results of this approach areshown to compare favourably with recent experiments in ultra-cold Fermi gases on the Josephson effectand on the Landau critical velocity throughout the BCS-BEC crossover at low and finite temperature [1,2].

Figure 0.6: Temperature dependence at unitarity of the Josephson critical current Ic. The theoretical results obtained from themLPDA equation of Ref. [2] (green diamonds) are compared with the experimental data from the main text (blue dotswith error bars) and the supplemental material (red squares with error bars) of Ref. [3]. For comparison, the insetshows the critical velocity of superfluid 4He (normalized to its zero-temperature value).
References[1] arXiv:2306.14494[2] arXiv:2306.14500[3] G. Del Pace, W. J. Kwon, M. Zaccanti, G. Roati, and F. Scazza. Tunneling transport of unitary fermionsacross the superfluid transition, Phys. Rev. Lett. 126, 055301 (2021),



Unveiling the pairing Symmetry of the superconducting Sn/Si(111) via
angle-resolved THz pump spectroscopy
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The 1/3 monolayer coverage of heavy atoms, like Sn and Pb on Si(111) surface displays a √3 ×
√

3R30◦reconstruction, where the adatoms, occupy the T4 site in an triangular lattice which is called the α phase,which provides a surprisingly rich platform to study the competition between strongly correlated phenomena,spin transport and lattice reconstruction. The recent discovery of superconductivity in the Sn/Si(111) hole-doped with boron, with critical temperatures of the order of Tc ∼ 4−5K opens new research lines to explorethe physics of strongly correlated phases. Even though the pairing mechanism is still an open question, it isbelieved that Sn/Si(111) displays unconventional superconductivity of electronic origin, driven by the non-localCoulomb interactions, but the present state of the art challenges a deeper understanding of the nature ofthe SC pairing observed in the Sn/Si(111) and the engineering of new experimental protocols to determinethe symmetry of the SC gap. In this talk we present results of theoretical study of superconductivity in thedoped Sn/Si(111), assuming that the Cooper pairing is induced by AFM interactions. At the mean field level,we find two almost degenerate ground states, one with chiral dx2−y2 + idxy-wave symmetry and the otherwith pure d-wave and by computing the non-linear current induced by a THz light pulse as a function ofthe polarization of the incident light, we show that the third harmonic generation is π/3-periodic for the
dx2−y2 + idxy-wave and π-periodic for the pure d-wave. Our work proposes the angle-resolved THz pumpspectroscopy as an experimental tool to unveil the symmetry of the superconducting order parameter in theSn/Si(111).



Making ghost vortices visible in two-component Bose-Einstein condensates
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Ghost vortices constitute an elusive class of topological excitations in quantum fluids since the relevantphase singularities fall within regions where the superfluid density is almost zero.
In this talk, I will present a platform that allows for the controlled generation and observation of suchvortices. Upon rotating an imbalanced mixture of two-component Bose-Einstein condensates, one canobtain necklaces of real vortices in the majority component (ψa) whose cores get filled by particles fromthe minority one (ψb). The wavefunction describing the state of the latter is shown to harbor several ghostvortices (black crosses) which are crucial to support the overall dynamics of the mixture. Their arrangementtypically mirrors that of their real counterpart (black stars), hence resulting in a “dual” ghost- vortex necklace,whose properties are thoroughly investigated in the present paper.
We also present a viable experimental protocol for the direct observation of ghost vortices in a 23Na +39 Kultracold mixture. Quenching the inter-component scattering length, some atoms are expelled from thevortex cores and, while diffusing, swirl around unpopulated phase singularities, thus turning them directlyobservable.

Figure 0.7: A necklace of real vortices in the majority component (first row) comes with a dual necklace of ghost vortices in the
minority component (second row).

References[1] A. Chaika, A. Richaud, A. Yakimenko, Phys. Rev. Research 5, 023109 (2023).
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Motivated by the recent achievement of ultracold shell-shaped atomic gases in microgravity on board of theInternational Space Station [1], we investigate the thermodynamics of a Bose-Einstein condensate on thesurface of a sphere [2,3]. We determine analytically the critical temperature and the condensate fraction ofa noninteracting Bose gas. Then we consider the inclusion of a zero-range interatomic potential, extendingthe noninteracting results at zero and finite temperature by using a path integral approach [2]. Both in thenoninteracting and interacting cases the crucial role of the finite radius of the sphere is emphasized, showingthat in the limit of infinite radius one recovers the familiar two-dimensional results [2]. We also investigatethe Berezinski-Kosterlitz-Thouless transition driven by the proliferation of quantized vortices on the surfaceof the sphere, analyzing the interplay of condensation and superfluidity in this finite-size system [2,3]. Wedescribe the occurrence of this topological transition by conceptually extending the theory of Berezinskii,Kosterlitz, and Thouless to our finite-size system [3]. Finally, considering the general topic of low-dimensionalquantum gases in curved spatial geometries, we delineate the study of vortices, the few-body physics, andthe search for analog models in various curved geometries as the most promising research areas [4].
References[1] Carollo, R. A. et al. Observation of ultracold atomic bubbles in orbital microgravity, Nature 606, 281-286(2022).[2] A. Tononi and L. Salasnich, Bose-Einstein Condensation on the Surface of a Sphere, Phys. Rev. Lett. 123,160403 (2019).[3] A. Tononi, A. Pelster, and L. Salasnich, Topological superfluid transition in bubble-trapped condensates,Phys. Rev. Res. 4, 013122 (2022).[4] A. Tononi and L. Salasnich, Low-dimensional quantum gases in curved geometries, Nat. Rev. Phys. 5, 398(2023).



Unusual BCS-BEC crossover and exotic superconducting states in FeSe-based
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The physics of the crossover between weak-coupling Bardeen–Cooper–Schrieffer (BCS) and strong-couplingBose–Einstein condensate (BEC) limits gives a unified framework of quantum-bound (superfluid) states ofinteracting fermions. Recently, FeSe semimetal with hole and electron bands emerged as a high-transition-temperature (high-Tc) superconductor located in the BCS-BEC crossover regime, owing to its very smallFermi energies [1]. Here we discuss the superconducting phase diagram of FeSe1−xSx, which indicates verydifferent superconducting states separated by the nematic quantum critical point at x ≈ 0.17 [2]. Especially,the thermodinamic measurements reveal very large superconducting fluctuations near Tc, evidencingBEC-like superconducting state in the tetragonal phase (x > 0.17). Moreover, the tetragonal FeSe1−xSxexhibits unusually large low-energy excitations in the zero-temperature limit [2-4], indicating an exoticsuperconducinng state with Bogoliubov Fermi surface recently suggested by theoretical calculations [5].
References[1] See, for a review, T. Shibauchi, T. Hanaguri, and Y. Matsuda, J. Phys. Soc. Jpn. 89, 102002 (2020).[2] Y. Mizukami et al., Commun. Phys. 6, 183 (2023).[3] T. Hanaguri et al., Sci. Adv. 4, eaar6419 (2018).[4] K. Matsuura et al., Proc. Natl. Acad. Sci. USA 120, e2208276120 (2023).[5] C. Setty et al., Nat. Commun. 11, 523 (2020).



Multi-component Quantum Gases in Ultracold Atoms, Condensed Matter, and
Nuclear Systems

Hiroyuki Tajima
Department of Physics, Graduate School of Science, The University of Tokyo, Tokyo 113-0033, Japan

e-mail: hiroyuki,tajima@phys.s.u-tokyo.ac.jp

The quantum many-body problem is one of the most important subjects in modern physics. Remarkableexamples include superconductivity and superfluidity. The mechanism of conventional superconductorsis microscopically explained by the Bardeen-Cooper-Schrieffer (BCS) theory, which has been nowadaysextended and applied to various strongly-correlated systems including ultracold Fermi gases and nuclearsystems. On the other hand, multiple degrees of freedom such as band geometries, spins, isospins, andcolors lead to non-trivial phenomena that go beyond the BCS paradigm. Nevertheless, many-body physicsmay exhibit several similarities across various interdisciplinary fields.
In this contribution, we will discuss an intersection among ultracold atoms, condensed-matter systems,and nuclear systems in terms of strongly-interacting multi-component fermionic systems. We show severalrecent studies of an interdisciplinary connection among Fermi polarons in cold atomic mixtures [1], polaronicprotons in neutron-star matter [2], and 3P0 neutron superfluid in spin-polarized neutron matter [3], andunexpected similarities among superfluid Bose-Fermi mixtures [4], two-band superconductors [5,6], andhadron-quark crossover [7], if time allows.
References[1] Hiroyuki Tajima, Junichi Takahashi, Simeon I. Mistakidis, Eiji Nakano, and Kei Iida, Atoms 9, 18 (2021).[2] Hiroyuki Tajima, Hajime Moriya, Wataru Horiuchi, Eiji Nakano, and Kei Iida, arXiv:2304.00535[3] Hiroyuki Tajima, Hiroshi Funaki, Yuta Sekino, Nobutoshi Yasutake, andMamoruMatsuo, arXiv:2305.08690[4] Yixin Guo, Hiroyuki Tajima, Tetsuo Hatsuda, and Haozhao Liang, arXiv:2302.04617[5] Hiroyuki Tajima, Yuriy Yerin, Pierbiagio Pieri, and Andrea Perali, Phys. Rev. B 102, 220504(R) (2020).[6] Kazunari Ochi, Hiroyuki Tajima, Kei Iida, and Hideo Aoki, Phys. Rev. Research 4, 013032 (2022).[7] Hiroyuki Tajima, Shoichiro Tsutsui, Takahiro M. Doi, and Kei Iida, Phys. Rev. Research 4, L012021 (2022).



Density and pseudo-spin rotons in a bilayer of soft-core bosons
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We study the dynamics of a bilayer system of bosons with repulsive soft-core Rydberg-dressed interactionswithin the mean-field Bogoliubov-de Gennes approximation. We find roton minima in both symmetric andasymmetric collective density modes of the symmetric (equal layer densities) bilayer. Depending on thedensity of bosons in each layer and the spacing between two layers, the homogeneous superfluid phasebecomes unstable in either or both of these two channels, leading to density and pseudo-spin-density waveinstabilities in the system. Breaking the symmetry between two layers, either with a finite counterflow or adensity imbalance renormalizes the dispersion of collective modes and makes the system more susceptibleto density-wave instability. Further details of our calculations can be found in the recent publication [1].
References[1] F. Pouresmaeeli, S. H. Abedinpour, and B. Tanatar, J. Phys. B: At. Mol. Opt. Phys. 56 (2023) 125001.



Fermi-liquid to non-Fermi liquid crossovers in the superconducting
Yukawa-SYK model on a lattice

Davide Valentinis, Gian Andrea Inkof, and Jörg Schmalian
Institute for Quantum Materials and Technologies (IQMT) and Institute for Theory of Condensed Matter

(TKM)
Karlsruhe Institute of Technology (KIT)
e-mail: davide.valentinis@kit.edu

Strongly interacting electrons can form non-Fermi liquids (NFLs), devoid of sharp quasiparticle excitations[1-4]. Prominent examples are found in the "strange-metal" phase of cuprate superconductors, as well as inpnictides and heavy fermions. Even more surprising is the abundance of low-temperature, partially coherentsuperconducting states, born out of incoherent normal-state spectra. Understanding the dynamics of Cooperpairing in NFLs entails the development of controlled theoretical approaches. The Sachdev-Ye-Kitaev (SYK)approach [5-7], based on all-to-all interactions among N fermion species ("flavors") in 0-dimensional dot,is a promising route for building toy models of NFL physics. A superconducting instability in the single dotemerges by coupling fermions to M flavors of identical bosonic modes (the Yukawa-SYK model), which are atonce responsible for Cooper pairing and for the incoherent nature of the normal state [8,9].
In this work, we generalize the Yukawa-SYK model to a lattice with random hopping parameters [10,11]. Weexactly solve the model in the spin-singlet large-N limit, at N=M and at particle-hole symmetry, we constructthe phase diagram, and we characterize the FL to NFL crossovers both numerically and analytically, in thenormal and superconducting states. We compute both thermodynamic (e.g., entropy, critical tempera-ture, superfluid stiffness, condensation energy) and spectroscopic observables (e.g., spectral functions,electromagnetic kernel and AC conductivity), in the normal and superconducting states. In the FL regime,we find that increasing hopping exponentially decreases the critical temperature, which is maximal in thesingle-dot NFL limit at given coupling. However, the phase stiffness and the condensation energy aremaximalprecisely at the NFL/FL crossover. Such correlation is reminiscent of a striking feature of superconductingcuprates, where the coherence-peak spectral weight, the superfluid stiffness, and the condensation energy,all correlate with each other as a function of temperature and doping [12]. Our results offer an analyticallycontrolled scenario to study the interplay between NFL and FL phases in unconventional and quantum-criticalsuperconductors.
References[1] N. D. Mathur et al., Nature 394, 39 (1998)[2] N. Doiron-Leyraud et al., Phys. Rev. B 80, 214531 (2009)[3] S. Karahara et al., Phys. Rev. B 81, 184519 (2010)[4] G. R. Stewart, Rev. Mod. Phys. 73, 797 (2001)[5] S. Sachdev, Phys. Rev. X 5, 041025(R) (2015)[6] R. A. Davison et al., Phys. Rev. B 95, 155131 (2017)[7] D. Chowdhury et al., Rev. Mod. Phys. 94, 035004 (2022)[8] I. Esterlis and J. Schmalian, Phys. Rev. B 100, 115132 (2019)[9] D. Hauck et al., Ann. Phys. (N. Y.) 417, 168120 (2020)[10] D. Valentinis et al., arXiv:2302.13134 (2023)[11] D. Valentinis et al., arXiv:2302.13138 (2023)[12] D. L. Feng et al., Science 289, 277 (2000)



Amplitude oscillations in ultracold Fermi gases

P. Dyke, S. Musolino, A. Pennings, H. Kurkjian, D. J. M. Ahmed-Braun, I. Herrera, S. Hoinka, S. J. J. M. F.
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University of Technology, Melbourne 3122, Australia
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Gases of ultracold atoms with tunable interactions provide a versatile setting to investigate non-equilibriumdynamics in quantum systems. Here, we study Fermi gases following a rapid quench of the interactionstrength. Within the superfluid phase, these quenches excite oscillations of the order parameter, which weobserve using Bragg spectroscopy. These amplitude oscillations provide a direct measure of the pairing gapthrough the BCS to BEC crossover and decay consistent with a power law with a damping exponent thatdepends stronngly on the interactions.
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Relative dynamics of quantum vortices and massive cores in binary BECs

Alice Bellettini, A. Richaud, and V. Penna
Dipartimento Scienza Applicata e Tecnologia, at Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129

Torino, Italy
e-mail: alice.bellettini@polito.it

We study vortices withmassive cores [1], [2] in binarymixtures of Bose-Einstein condensates. We consider thecase of a simple 2D disc geometry. Taking up the work of Richaud et al. [3], [4], we introduce a point-vortexmodel where quantum vortices in the majority species are coupled to the corresponding core masses, i. e.local peaks of the minority species. The point-like dynamics is obtained via a variational Lagrangian approach.In parallel, we validate our analytical results via the numerical resolution of two coupled Gross-Pitaevskiiequations. Conversely to the previous works [3], [4], where a vortex centre was assumed coincident with thecentre of its massive core, we instead introduce a more refined dynamical model: here, the two objects aredescribed by independent sets of dynamical variables and coupled by an harmonic term. Consequently, westudy the effect of the new degree of freedom on the vortex-mass relative motion and average dynamics.
As already observed, the first striking effect of the second species is a change of trajectory. Whereas amassless vortex in a 2D disc moves of uniform circular motion, in presence of a second species some radialoscillations may arise. Specifically, our new model brings to a more articulated normal mode analysis,and improves the previous model thanks to the dependency of the small oscillations on the inter-speciescoupling parameter gab. This dependency could not be appreciated in the previous model as it did notinclude the parameter gab at all. On the other hand, we confirm that, within the physical ranges of thecoupling parameters, there is no significant relative motion of the vortex with respect to its core mass.
References[1] M. R. Matthews et al., Phys. Rev. Lett. 83, 2498 (1999).[2] B. P. Anderson et al., Phys. Rev. Lett. 85, 2857 (2000).[3] A. Richaud et al., Phys. Rev. A 101, 013630 (2020).[4] A. Richaud et al., Phys. Rev. A 103, 023311 (2021).



Giant amplification of Berezinskii-Kosterlitz-Thouless transition temperature in
superconducting systems characterized by cooperative interplay of

small-gapped valence and conduction bands

Giovanni Midei1,2 and Andrea Perali 3
1School of Science and Technology, Physics Division, Università di Camerino, 62032 Camerino (MC), Italy

2INFN-Sezione di Perugia, 06123 Perugia, Italy
3School of Pharmacy, Physics Unit, University of Camerino, Via Madonna delle Carceri, 9B, Camerino (MC),
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e-mail: giovanni.midei@unicam.it

Two-dimensional superconductors [1] and electron-hole superfluids in van der Waals heterostructures [2]having tunable valence and conduction bands in the electronic spectrum are emerging as rich platforms toinvestigate novel quantum phases and topological phase transitions. In this work, by adopting a mean-fieldapproach considering multiple-channel pairings and the Kosterlitz-Nelson criterion [3], we demonstrategiant amplifications of the Berezinskii-Kosterlitz-Thouless (BKT) [4] transition temperature and a shrinking ofthe pseudogap for small energy separations between the conduction and valence bands and small density ofcarriers in the conduction band. The presence of the holes in the valence band, generated by intra-band andpair-exchange couplings, contributes constructively to the phase stiffness of the total system, adding up to thephase stiffness of the conduction band electrons that is boosted as well, due to the presence of the valenceband electrons. This strong cooperative effect avoids the suppression of the BKT transition temperaturefor low density of carriers, that occurs in single-band superconductors where only the conduction bandis present. Thus, we predict that in this regime, multi-band superconducting and superfluid systems withvalence and conduction bands can exhibit much larger BKT critical temperatures with respect to single-bandand single-condensate systems.
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Figure 0.8: Phase diagram of the system in the temperature T/t vs band-gap energy Eg/t, for different values of the total
density.

References[1] Pantaleon P A, Jimeno-Pozo A, Sainz-Cruz H, Cea T, Phong V T and Guinea F 2023 Superconductivity andcorrelated phases in non-twisted bilayer and trilayer graphene, Nat Rev. Phys[2] Conti S, Perali A, Peeters F M and Neilson D 2017 Multicomponent electron-hole superfluidity and theBCS-BEC crossover in double bilayer Graphene, Phys. Rev. Lett. 119 257002[3] Nelson D R and Kosterlitz J M 1977 Universal jump in the superfluid density of two-dimensional superfluids,Phys. Rev. Lett. 39 1201[4] Kosterlitz J M 1974 The critical properties of the two-dimensional xy model, J. Phys. C 7 1046



Josephson effect and superfluidity in electron-hole bilayer heterostructures

Filippo Pascucci, Sara Conti, David Neilson, Jacques Tempere and Andrea Perali
Physics Unit, University of Camerino, Camerino, Italy, TQC, University of Antwerp, Antwerp, Belgium
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We analyze the superfluid characteristics and crossover physics for Josephson junctions [1] in electron-holebilayer TMD semiconductors [2]. We determine the critical current across junctions of different potentialbarrier heights [3,4]. We show that the crossover physics in the narrow barrier region controls the criticalcurrent throughout. We find that the ratio between the critical current and the carrier density exhibits anobservable maximum at the density of the switchover from bosonic excitations to pair-breaking fermionicexcitations [5]. This provides, for the first time in a semiconductor system, an experimental measure for theposition of the boundary separating the BEC and BCS-BEC crossover regimes.
References[1] Zenker, B, et al., Excitonic Josephson effect in double-layer graphene junctions, Physical Review B 92,081111(R) (2015).[2] Conti, S, et al., D. Doping-dependent switch from one- to two-component superfluidity in coupledelectron-hole van der Waals heterostructures, Physical Review B 101, 220504(R) (2020).[3] Spuntarelli, A, et al., Josephson effect throughout the BCS-BEC crossover, Phyical Review Lett. 99, 040401(2007).[4] Meier, F and Zwerger, W., Josephson tunneling between weakly interacting Bose-Einstein condensates,Physical Review. A 64, 033610 (2001).[5] Pascucci, et al., Josephson effect as a signature of electron-hole superfluidity in bilayers of van der Waalsheterostructures, Phys. Rev. B 106, L220503 (2022).



Poster II: Intralayer correlations in electron-hole bilayers superfludity
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We investigate the effect of the intralayer exchange correlations in electron-hole bilayer superfluid using theHartree-Fock (HF) self-energy correction [1]. The inclusion of the HF term leads to an amplification of thenumber of pairs participating in the screening process [2]. We found that the mean-field gap energy, thecondensate fraction and the chemical potential results with the HF term are closer to the Quantum MonteCarlo results [3] respect to the ones without the HF term, especially in the crossover regime. Then, we studythe case of different interlayer distances finding that as the interlayer distance increases also the correctiondue to the HF term increases. We also show for the first time the behaviour of the pair size as a functionof the density [4] for different interlayer distances, finding new insights about the nature of the BCS-BECcrossover in electron-hole bilayer superfluids.
References[1] Fetter, A., and Walecka, J. Quantum Theory of Many-Particle Systems, Courier Corporation, (2012).[2] Neilson, D., and Perali, A., and Hamilton, A. R. Excitonic Superfluidity and Screening in Electron-HoleBilayer Systems, Phys. Rev. B 89, 060502(R), (2014).[3] Rìos, P. L., and Perali, A., and Needs, R. J., Neilson, D. Evidence from QuantumMonte Carlo Simulations ofLarge-Gap Superfluidity and BCS-BEC Crossover in Double Electron-Hole Layers, Phys. Rev. Lett. 120, 177701,(2018).[4] Andrenacci, N., and Pieri, P., and Strinati, G. C. Size shrinking of composite bosons for increasing densityin the BCS to Bose-Einstein crossover, European Physical Journal B 13, 637–642, (2000).



Experimental study of Berezinskii-Kosterlitz-Thouless (BKT) transition under
applied magnetic field in NbN ultra-thin films.
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This work presents an in-depth investigation into the 3D-2D dimensional crossover in NbN ultra-thin films,resulting in a BKT superconducting transition approaching the 2D regime. The transition is experimentallyobserved in temperature-dependent resistivity curves and current-voltage (I-V) characteristics [1]. The2D nature of the films is characterized by electrical resistivity analysis using the Cooper pair fluctuationmodel developed by Aslamasov and Larkin (AL) [3] and Maki and Thompson (MT) [4, 5]. Similarly, inI-V characteristics, an abrupt change in the α exponent (V proportional to Iα) at the transition [1,2], isobserved which indicates a jump in the superfluid stiffness and confirming the presence of a BKT transition.Furthermore, the BKT transition is studied under an applied magnetic field, providing insights into theevolution of this phenomenon at low field intensities ranging from 5x10−4 to 1.6x10−2T. However, the BKTeffect begins to diminish at intensity as low as 10−3T, disappearing completely at 10−2 T, suggesting theexistence of a threshold in magnetic field intensity [7]. These findings suggest the existence of a thresholdin the magnetic field intensity above which the influence of magnetic vortices surpasses any signs of BKTtransition. A phenomenological model is currently being developed to explain the experimentally detectedfeatures in our thin NbN films.
References
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Superconducting state properties of iron based materials using a two-band BCS
model

Ionel Ţifrea, J. J. Rodríguez Núñez, and A. A. Schmidt
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We analyze the superconducting state properties for the case of a two-band self-consistent BCS model thatconsiders an electron band structure suitable for iron based superconducting materials. The superconductingcritical temperature Tc, band gap parameters ∆11(T ) and ∆22(T ), and the ratios ∆0
ii/Tc are discussed asfunction of the material’s original inter-orbital hopping parameter t4 and the electron dopingN . Our analysisaccounts for the “interpolated" s±-wave symmetry (Φα(~k) = 1 + r cos 2φ) or the s±-wave symmetry(Φα(~k) = 2 cos kx cos ky) of the system’s attractive interaction terms and superconducting gap parameters.The main result of our work is a possible phase diagram that presents multiple local minima and maximasuggesting the possibility of reentrant superconductivity in iron based superconducting materials.

Figure 0.9: Phase diagram Tc vs N vs t4 for (a) the “interpolated" s±-wave symmetry and (b) the s±-wave symmetry case.For both cases, the black line highlights the phase diagram for t4 = −0.260 eV. (t1 = −0.330 eV, t2 = 0.385 eV,
t3 = −0.234 eV, V11 = V22 = 0.15 eV, V12 = 0.10 eV, ωD1 = ωD2 = 0.10 eV).

References[1] J. J. Rodriguez-Nunez, A. A. Schmidt, I. Tifrea, Eur. Phys. J. B (2022)95:179; https://doi.org/10.1140/epjb/s10051-022-00447-1.[2]J. J. Rodriguez-Nunez, A. A. Schmidt, I. Tifrea, Eur. Phys. J. B (in press); https://doi.org/10.1140/epjb/s10051-023-00571-6.



Non-trivial topology and diode effect in Josephson junctions based on oxide
nanochannels
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In a Josephson junction, the diode effect is the dependence of the critical current on the direction of currentflow and the applied magnetic field. We study the diode effect and topological properties in Josephsonjunctions based on oxide nanochannels. We investigate the critical current behavior with a magnetic fieldapplied perpendicular to the Rashba spin-orbit direction, while considering different junction geometries.We relate the observed critical current enhancement at small magnetic fields to a non-trivial topology,accompanied by Majorana bound states (MBSs) pinned at the edges of the superconducting leads. Ourresults allow to recognize fingerprints of topological superconductivity in non-centrosymmetric materialsand confined systems with Rashba spin-orbit interaction.




	About
	MultiSuper 2023 : Multicomponent Superconductivity and Superfluidity
	Topics of interest
	Organizing committee
	Local organizers

	Timetable
	Friday – September 8
	Saturday – September 9
	Sunday – September 10

	List of Abstracts – Talks
	Talks (in alphabetic order)
	Posters


