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09:00-09:30 Opening  

 

9:30 -  10:00  Andrea Malagoli and Marina Putti (University of Genova, Italy) 

High field superconducting materials for high-energy particle accelerator  

10:00 - 10:30  Paolo De Bernardis (INFN and Sapienza University, Italy) 

Kinetic inductance Detectors for the Cosmic Microwave Background: quantum detectors to measure 
the quantum origin of the Universe 

10:30 – 11:00   Marco Vignati (INFN and Sapienza University, Italy) 

Phonon absorption in superconducting resonators  

11:00 - 11:30  Daniele Torsello (INFN and Politecnico Torino, Italy) 

Tuning the properties of superconducting materials @MESH-Polito 

11:30 - 12:00    Claudio Gatti (INFN-LNF, Italy) 

COLD - The CryOgenic Laboratory for Detectors of LNF. From axion searches to quantum 
technologies 

12:00 – 12:30   Javid Rezvani (INFN-LNF and University of Camerino, Italy) 

Stabilized Silicon Exotic phases in porous nanowires: a new road to silicon hot Qbit 

12:30 - 12:50   Caterina Braggio (INFN and University of Padova, Italy) 

THz-TDS to probe Antiferromagnetic Topological Insulators  

12:50 - 13:10    Luca Tomarchio (INFN and Sapienza University, Italy) 

Exotic Electromagnetic Properties of Topological Matter  

13:10 - 13:30    Federico Caglieris  (INFN and University of Genova, Italy) 

Transport properties in topological materials 

Lunch Break 

14:30 - 15:00   Beatrice Fraboni (INFN and University of Bologna, Italy) 

Organic thin films as flexible, large area X-ray and proton detectors 



15:00 – 15:20   Bruno Paroli (INFN and University Statale Milano, Italy) 

Local interferometry for detecting entangled photons carrying orbital angular momentum  

15:20 – 15:40   Marianna Testa (INFN-LNF and Sapienza University, Italy)  

PEROV: R&D for photodetectors based on Organo-Metal halide Perovskite material 

15:40 – 16:00   Sean Mou (INFN and Sapienza University, Italy) 

Ultrafast Hole Relaxation Between Dual Valence Bands in Methylammonium Lead Iodide 

16:00 – 16:20   Zeinab Ebrahimpour (INFN-LNF, Italy) 

Oxygen vacancy enhanced photodetection properties of ZnO nanoparticles film 

16:20 – 16:40   Salvatore Macis (INFN-LNF and Sapienza University, Italy) 

Thin conducting MoO3 films on copper for technological applications:  a new route for improved 
RF devices 

16:40 – 17:00   Marco Faverzani (Università Milano-Bicocca and INFN-Milano, Italy) 

DARTWARS: development of quantum limited superconducting amplifiers for advanced arrays 
read out 

17:00 – 17:20   Gianpaolo Papari (INFN and Federico II University of Napoli, Italy) 

Quantum metasurfaces for spatial light modulators 

17:20 – 17:40   Alessandro D’Elia (INFN-LNF, Italy) 

Atomically thin van der Waals materials as technological platform for quantum devices 

17:40 – 18:00   Can Koral (INFN and Federico II University of Napoli, Italy) 

THz EMI dynamics in Graphene filler-based composites, foams and multilayered structures 

18:00 – 18:20   Gianluca Quarta (University of Salento and INFN, Italy) 

Beamlines and research activities at the 3 MV Tandetron accelerator of CEDAD-University of 
Salento 

 

 

 

 

 



Tuesday February 15, 2022 

 

09:00-10:00 Round TABLE (In Italian) 

 

10:00-10:30  Song Li (National Synchrotron Radiation Laboratory, University of Science and 
Technology of China, Hefei, P.R. China) 

Synchrotron radiation study on 2D materials with atomic modulations 

10:30-11:00  Wei Xu (IHEP, Beijing, P.R. China) 

Investigation of the electronic correlations in Cu2ZnSnSe4 by Resonant inelastic X-ray Scattering at 
Cu K-edge 

11:00-11:30  Chongwen Zou (National Synchrotron Radiation Laboratory, University of 
Science and Technology of China, Hefei, P.R. China) 

Hydrogen doping induced phase transitions in VO2 epitaxial film   

11:30-12:00  Xiaojun Wu (National Synchrotron Radiation Laboratory, University of Science 
and Technology of China, Hefei, P.R. China) 

Exploring Magnetic Nanomaterials for Spintronics with First-principles Calculation  

12:00-12:30  Alessandro Molle (CNR-IMM, Italy) 

Quantum materials from the 2D to the 3D level: the synthesis of xenes and transition metal 
dichalcogenides 

12:30-13:00  Paola De Padova (CNR-ISM, Italy) 

sp2-like Hybridization of Silicon Valence Orbitals in Silicene and Multilayer Silicene grown on a - 
phase Si(111)√3 Å ~ √3R30°-Bi 

Lunch Break  

14:00 – 14:30   Seongshik Oh (Rutgers University, USA) 

From classical to quantum regime of topological surface states via defect engineering  

14:30 - 15:00   Jonas Bekaert and Milorad V. Milosevic (University of Antwerp, Belgium) 

First-principles exploration of superconducting 2D materials for emerging quantum technologies 

15:00 - 15:30  Andrea Perali (University of Camerino, Italy) 

Possible high-Tc superconductivity with striped metallo-organic materials.  

 



15:30 – 16:00   Antonio Bianconi (RICMASS, Rome, Italy) 

Straintronics of unconventionl resonant superconductivity at Lifshitz transitions driven by Fano-Feshbach 
resonance  

16:00 – 16:30  Gaetano Campi (IC-CNR, Italy) 

Functional correlated disorder in complex materials 

16:30 – 17:00  Andrea Gauzzi (Sorbonne University, IMPMC-UPMC, Paris, France) 

Disorder and polarons in complex perovskites. 

17:00 – 17:30  Nicola Poccia (IFW-Dresda, Germany)  

High temperature superconducting twisted architectures: materials and methods  

17:30 – 17:50  Martina Basini (University of Stochkolm, Sweden):  

Terahertz-induced dynamical multiferroicity in strontium titanate. 

17:50 – 18:10  Francesco Paparoni (INFN-LNF and University of Camerino, Italy) 

Metallic Interface Effects on Ionic Redistribution of MoO3 Films. 

18:10 – 18:30  Vittoria Mazziotti (University of Roma Tre, Italy) 

Spin-orbit coupling in superconducting heterostructures 

  



 

High field Superconducting Materials for High-Energy Particle 
Accelerator 

A. Malagoli 

CNR-Spin, Genova 

M. Putti 

Dipartimento di Fisica, Università di Genova 

 

The next-generation high-energy collider (Future Circular Collider - FCC) under study at CERN calls for an 
unprecedented center-of-mass collision energy of 100 TeV, achievable by colliding counter-rotating proton beams with 
an energy of 50 TeV steered in a 100 km circumference tunnel by superconducting magnets which produce a dipole field 
of 16 T. A number of outstanding technology and physics integration issues must be resolved to reach these targets. 

Superconducting magnets under study are still based on Nb3Sn, which allows operating fields of 16T @ 4.2K. Other 
superconductors allow to overcome these limits: the recently discovered Iron based superconductors (IBS) which have 
great potentiality for high field applications and the cuprate superconductors, among which Bi-2212 wires realized by the 
simple power in tube method (PIT) have shown to have good performance for high field magnets. Interestingly, China 
included the development of IBS and Bi-2212 magnet technology for the realization of the future high energy accelerator, 
Super proton-proton Collider (SPPC) in competition with FCC. 

Superconducting materials are also requested to absorb the synchrotron radiation emitted by the particle beam. The copper 
screen used for LHC does not ensure the stability of the beam at the new operating conditions (50 K, 16 T). This motivates 
the exploration of high-temperature superconductors with surface impedance lower than copper under the required 
operating conditions. 

The Institute CNR-SPIN and the University of Genova in collaboration with CERN and INFN is developing and studying 
superconducting materials for the above application. In particular: 

• IBS prototype conductors in form of tapes and wires using the coated conductors and PIT technologies; 
• Bi-2212 wires to reproduce the performances obtained by the Over Pressure heat treatment through an innovative 

mechanical deformation process; 
• Thallium-1223, with high critical temperature (Tc=120 K) and high irreversibility line as promising alternative to 

copper layers as a low surface impedance material in particle accelerator beam screen. 

 

  



 

Kinetic Inductance Detectors for the Cosmic Microwave Background: 
Quantum Detectors to measure the Quantum Origin of the Universe 

P. De Bernardis 

Department of Physics, Sapienza University of Rome and INFN, P. A. Moro 2, 00185 Rome, Italy 

 

Our group is producing since several years Kinetic Inductance Detectors (KID) for measurements of the Cosmic 
Microwave Background (CMB). This is a remnant of the early universe, pervading the microwave sky at mm-waves, with 
maximum emission at 159 GHz. It carries information on several phases of the evolution of the Universe, including the 
first split second, hypothetically originating structures from quantum fluctuations in a scalar field. This process is in 
principle observable via ultra-precise measurements of the polarization of the CMB. This target, as well as the other 
current CMB observables (anisotropy, spectral distortions, Sunyaev-Zeldovich effect …), require ultra-sensitive detector 
arrays, covering the 50-500 GHz frequency range. Depending on the measurement configuration, these detectors are 
operated from the ground (like our MISTRAL receiver for the Sardinia Radio Telescope or the COSMO experiment to 
measure spectral distortions from Dome-C Antarctica), stratospheric balloons (as our OLIMPO balloon-borne telescope) 
or satellites. In this contribution, we will discuss these specific KIDs developments.  

KIDs are quantum detectors where photons to be detected break Cooper pairs in suitable superconductor resonators. They 
are relatively easy to fabricate, can be replicated in large arrays and are intrinsically multiplexable. They are sensitive, 
fast, robust and quite robust under cosmic ray hits, and thus very appealing for space-borne missions. We have 
successfully flown for the first time four KID arrays ranging from 150 to 500 GHz on the OLIMPO 2018 stratospheric 
balloon flight. We are currently developing larger multiband focal planes of KIDs dedicated to spectral distortions and 
B-modes measurements, once coupled with an orthomode transducer to the horns, with about 100 pixels per wafer, 
assembled in tiles to be replicated to obtain very large focal planes. These detectors are also going to be used in tests for 
transmission and reflection of materials suitable to be used in space missions like LITEBIRD. Customer applications are 
also investigated.  

 

 

  



 

Phonon Absorption in Superconducting Resonators 
M. Vignati 

INFN and Department of Physics, Sapienza University of Rome, Italy 

 
Superconducting resonators are the fundamental building blocks of high-sensitivity detectors and of quantum-bits.  
The absorption of photons, electrons or cosmic rays in the substrate of the chip generates phonons,  
which can reach the superconductor, break the Cooper pair and lower the quality factor of the resonator. 
In the detector case this is an effect that needs to be maximized, in order to increase the signal to noise ratio. 
In the quantum-bit case it needs to be minimized, as it destroys the encoded information. 
In this presentation I will review the experience matured with my group on the phonon absorption with typical chip 
materials,  aluminum resonators on silicon substrates. 

 

  



 

Tuning the properties of superconducting materials @MESH-PoliTO 
D. Torsello, M. Fracasso, R. Gerbaldo, G. Ghigo, L. Gozzelino, S. Sparacio and F. Laviano 

Politecnico di Torino, Dipartimento di Scienza Applicata e Tecnologia and INFN, Sez. Torino 

 

Superconducting materials are among the most likely protagonists of future technology, ranging from quantum computing 
to quantum communication and to clean energy storage and production. Our group has a long experience in the 
characterization of superconducting materials with a wide range of techniques, instrumental for several applications. In 
this talk, we will give an overview of our recent results, highlighting key aspects of the available techniques at our labs 
and discussing the open challenges and future developments. 

In recent years, we focused largely on the exploitation of ion beam irradiation [1] (performed at the INFN facilities) for 
investigating and tuning the properties of superconducting materials, from cuprates to MgB2, and more recently to the 
Iron-based systems.  

Magneto-optical imaging [2], electric transport measurements and Hall-probe scanning magnetometry in the presence of 
dc magnetic fields up to 5 T allowed us to study the critical fields, critical current and pinning properties of 
superconductors in the pristine and irradiated state; while microwave techniques based on the exploitation of coplanar 
waveguide resonators allowed us to measure the superfluid density, London penetration depth and surface impedance of 
both thin films and single crystals. Our efforts are devoted both to investigating fundamental aspects [3-5] and to applied 
research [6]. In this framework, the knowledge acquired with these techniques was employed for the development of IR-
THz photon detectors [7, 8], permanent magnets and magnetic shields [9]. 
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COLD - The CryOgenic Laboratory for Detectors of LNF 
From axion searches to quantum technologies 

C. Gatti 

 INFN, Laboratori Nazionali di Frascati, Via Enrico Fermi 40, 00044 Frascati (RM), Italy 

COLD is a cryogenic laboratory born to develop high-sensitivity low-noise detectors for light dark-matter searches, thanks 
to the skills present at LNF in cryogenics, radiofrequency, superconductivity and particle physics. The laboratory is 
equipped with dilution refrigerators, LHe cryostats, magnets up to 9T, low noise electronics and radiofrequency 
instruments up to 20 GHz. The lab hosts one of the two haloscopes, a type of axion detector, of the QUAX experiment, 
the other being at the Laboratori Nazionali di Legnaro of INFN. Axions are hypothetical particles theorized to solve the 
so-called Strong-CP problem that could pervade our galaxy manifesting themselves only through their gravitational 
interaction. A haloscope is a cryogenic antenna able to resonantly convert the axions into electromagnetic signals. The 
extremely weak power generated by these conversions poses one of the greatest challenge to axion experiments that can 
be addressed only through the use of recently developed quantum technologies such as quantum amplifiers, or better, 
superconducting single microwave-photon detectors. This led us to undertake the development of sensors based on 
Josephson junctions and superconducting qubits. In parallel, we carried out the study of superconducting and dielectric 
resonant-cavities able to operate in strong magnetic-field while keeping a high quality-factor needed to enhance the axion 
signal. A further development of the COLD lab activity was the conceptual design of the KLASH experiment, now 
evolved into FLASH, a large volume haloscope to be hosted inside the superconducting magnet of the FINUDA 
experiment. Beside axions this detector would be sensitive to dark photons and high-frequency gravitational-waves. 

       

 

  



 

Stabilized Silicon Exotic phases in porous nanowires: a new road to 
silicon hot Qbit 

S.J. Rezvani  

Physics division, School of science and technologies, University of Camerino,  
Via Madonna delle carceri 9, Camerino, Italy.  

INFN, Laboratori Nazionali di Frascati, Via Enrico Fermi 40, 00044 Frascati (RM), Italy 
Consiglio Nazionale di Ricerca (CNR-IOM), Area Science Park, Basovizza, Building MM, S.S. 14, km. 163.5, I-34012, 

Trieste, Italy 
 

Quantum computation requires many qubits that can be coherently controlled and coupled to each other [1]. Qubits that 
are defined using lithographic techniques have been suggested to enable the development of scalable quantum systems 
because they can be implemented using semiconductor fabrication technology [2]. However, leading solid-state 
approaches function only at temperatures below 100 mK, where cooling power is extremely limited, and this severely 
affects the prospects of practical quantum computation. Spin qubits based on quantum dots are among the most promising 
candidates for large-scale quantum computation [3]. Quantum coherence can be maintained in these systems for extremely 
long times by using isotopically enriched silicon as the host material. This has enabled the demonstration of single-qubit 
control with fidelities exceeding 99.9% and the execution of two-qubit logic [4]. On the other hand, porous silicon 
nanowires have shown the possibility to have pre-engineered structures that lead to the modulation of the electronic 
properties of the wires. The known structures are to be formed with percolating crystallites to the nanowires with 
embedded quantum dots [5,6]. Meanwhile, silicon phase diagram predicts possibility of metastable phase transitions with 
unique properties from low gap semiconductor to superconducting phase that has not been stabilized and utilized yet. In 
this work we discuss that the exotic silicon phases can be stabilized in porous silicon nanowires which opens a new road 
to further investigation of the QDs of exotic silicon phases in quantum technologies [7]. 
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THz-TDS to probe antiferromagnetic topological insulators 
C. Braggio 

INFN and Department of Physics and Astronomy, University of Padua, Italy 

Antiferromagnetic topological insulators (AF-TIs) have recently been proposed as materials of interest for the 
development of axion detectors. As the equations that arise in axion physics are the same as those that describe the 
electromagnetic behavior of AF-TIs, measurement of their transmission and reflection coefficients in the presence of an 
applied magnetic field can be used to infer the existence of axion-polaritons composed of the axion quasiparticle and the 
electric field.  The time domain terahertz spectroscopy apparatus recently developed at the INFN Legnaro laboratories is 
used to search for a resonance whose frequency and width coincide with the relevant polariton parameters necessary to 
use AF-TIs as axion dark matter detectors. I will report about recently performed transmission measurements at about 3 
K on samples of MnBiTe.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Exotic Electromagnetic Properties of Topological Matter 
L. Tomarchio1,2, L. Mosesso1, S. Macis1,3, M. Petrarca2,4, and S. Lupi1,3 

 
1Department of Physics, Sapienza University, Piazzale Aldo Moro 5, 00185, Rome, Italy. 

2INFN section of Rome, P.le Aldo Moro, 2, 00185 Rome, Italy. 
3INFN - Laboratori Nazionali di Frascati, via Enrico Fermi 54, 00044, Frascati (RM), Italy. 

4SBAI-Department, Sapienza University, Piazzale Aldo Moro 5, 00185, Rome, Italy. 
 

The great potential of electrons (Dirac and Weyl) with linear energy/momentum dispersion for integrated photonics has 

been readily recognized after their discovery in graphene. Dirac carriers are also found in Topological Insulators (TI), 

quantum systems having an insulating gap in the bulk and intrinsic Dirac metallic states at the surface, while Weyl 

electrons appear in topological semimetals. In this talk, after a brief panoramic of Topological Quantum Materials 

properties [1,2], we will discuss their applications in linear and non-linear photonics. In particular, we will review several 

experiments proving the exotic optical phenomena appearing in topological matter and their potential applications in 

quantum devices [3,4].  
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Transport Properties in Topological Materials 
F. Caglieris, D. Marré, I. Pallecchi 

CNR-SPIN and Università di Genova, via Dodecaneso 33, 16146 Genova 

Novel topological non-trivial phases recently attracted a tremendous attention, with the perspective of offering 
new platforms for electronic and spintronic applications as well as for increasing efficiency of thermoelectric 
devices. As far as spintronics is concerned, magnetic topological insulators and magnetic Weyl semimetals 
represent very promising systems, in which emerging topological states are combined with intrinsic 
magnetism. Concerning thermoelectricity, Van der Waals dichalcogenides exhibit remarkable thermoelectric 
power factors and offer plenty of opportunities of further improvements in terms of chemical compositions, 
doping, off-stoichiometry and sample forms.  

In both cases, a key aspect for applications is that electric and thermoelectric transport properties are easy 
tunable playing with different parameters including temperature, magnetic field, geometry and thickness, 
microstructure, uniaxial strain and gating electric field.  

In this work we will review our recent activity on those subjects showing the transport characterization of 
magnetic topological insulators and Weyl semimetals in form of single crystals and the thermoelectric 
characterization of Van der Waals chalcogenides of different compositions, prepared in different sample forms, 
namely mechanically exfoliated flakes and nanoflake assemblies fabricated by liquid phase exfoliation and 
deposition by drop-casting and ink-jet printing. 

  



 
Organic Thin Films as Flexible, Large Area X-ray and Proton 

Detectors  
 

B. Fraboni 
INFN -BO, Istituto Nazionale di Fisica Nucleare (Sezione di Bologna), Italy 
Department of Physics and Astronomy, University of Bologna, Bologna, Italy 

beatrice.fraboni@unibo.it 
 

1. Introduction  
High-energy radiation detectors based on organic semiconductor materials have already demonstrated to be promising 

candidates fulfilling the quest for large-area, flexibility, low power operation low-cost scalable fabrication [1-4]. All these 
requirements are essential in several application fields, from nuclear waste management to space mission monitoring, but 
in particular in medical diagnostics and radio/hadrontherapy, thanks to the unique human-tissue equivalence of organic 
materials. Such property allows organic-based detectors to provide in real- time, without further calibration and data 
correction processes, the required information on irradiation dosimetry and spatial distribution. 

Here we present our recent results on bis-(triisopropylsilylethynyl)-pentacene thin-films deposited from solution onto 
flexible substrates, as direct X-ray and proton detectors. We obtained record sensitivity for organic-based direct X-ray 
detectors of 1.3 · 104 µC Gy-1·cm-2 and a very low minimum detectable dose rate (35 µGy s-1) assessing their great 
potential for medical applications We clarified and modeled the photoconversion processes responsible for their excellent 
performance, also when compared with other emerging solution deposited materials, such as perovskites [4]. Figure 1 
reports a comparison of recently reported organic/hybrid thin film detectors performance, including state-of-the-art a-Se 
and polycrystalline CZT ones (not human tissue equivalent). 

 

 
 

Figure 1: Comparison of top sensitivity values for organic and perovskite-based thin film high-energy radiation detectors: Histograms of the top 
sensitivity (a) and LoD (b) of different materials reported for OSCs- (blue) and PSCs- (red) based X-ray detectors. 

2.  Ionizing radiation detection processes 
Organic thin film devices are characterized by an unexpected high X-ray sensitivity that we justified by interpreting 

the detection mechanism as a photo-modulation of the semiconductor conductivity due to charge accumulation during X-
ray exposure (photoconductive gain). We proposed that, during X-ray irradiation, additional free carriers are generated 
and accumulate in the organic thin film and to derive a model for such accumulation’s impact on photocurrent we 
considered the differences in hole and electron carrier transport in organic materials [2]. In fact, the additional electrons 
and holes generated by the interaction with the X-ray follow a different fate: holes drift along the electric field until they 
reach the collecting electrode while electrons remain trapped. To guarantee charge neutrality, mobile holes that are 
collected at the collecting electrode are continuously re-injected from the injecting electrode, i.e., for each electron-hole 
pair created, more than one hole contributes to the photocurrent, leading ultimately to a photoconductive gain. Crucial for 
the amplification in this mechanism is the slow recombination dynamics of X-ray generated carriers, resulting here from 
the presence of deep trap levels which remove free electron carriers from the recombination process. We further 
investigated the origin of the physical processes and parameters controlling the minority carrier traps that assist the 



photoconductive gain effect and demonstrated that by reducing the grain size and increasing the number of grain 
boundaries, we can increase the density of electron trap states within the material, enhancing the photoconductive gain 
for the X-ray induced photocurrent. Further, by adding polystyrene to the semiconductor solution, we can reduce the 
interface hole trap density and consequently the charge carrier mobility is enhanced, as well as the device sensitivity [3]. 

 

3.  Direct, real-time proton detection 

We demonstrate the direct detection of 5 MeV protons by organic thin film devices that act as a solid-state detector in 
which the energy released by the protons within the active layer of the sensor is converted into an electrical current. such 
sensors demonstrate a stable and reproducible response to proton beams in a range of fluences between 109 -1011 H+cm-2 
and maintain a linear response up to a total dose of 28.5 kGy. By exploiting the structure of this sensor, two different 
operation modes can be effectively used: i) real-time mode sensing, where the amount of charges generated and collected 
at the electrodes is proportional to the released dose; ii) integration-mode sensing, where the energy released in the plastic 
substrate by the impinging protons generates static long lifetime charges that accumulate in the polymeric substrate and 
induce an increase of conductivity in the semiconducting layer (Figure 2). The measured sensitivity S = (5.15 ± 0.13) pC 
Gy-1 and limit of detection LOD = (30 ± 6) cGy s-1, of the here proposed detectors assess their efficacy and their potential 
as proton dosimeters in medical proton-therapy. 

 

 
 
 
 
 
 
 
 
Figure 2. Organic Thin film-based device: architecture and morphology. a) Co-planar structure composed by two interdigitated electrodes (Au) 
deposited onto a plastic substrate (125 µm thick) followed by drop casting TIPGe-Pn film; b) Optical image of microcrystalline thin film. c)  

 
Flexibility of the here presented TIPGe-Pn – based detectors. c) Dynamic response curve (black line) to different fluences 
of incident protons ((4.5 · 10-11 – 6.6 · 10-11) H+cm-2). Two different contributions can be distinguished: ΔI (pink 
shadow) is the real-time response proportional to the dose (already described in Fig. 3), while I0 (green shadow) represents 
the baseline shift due to the fixed charges trapped in the plastic substrate 
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Local Interferometry for Detecting Entangled Photons Carrying 
Orbital Angular Momentum 

B. Paroli 1, M. Siano1, L. Cremonesi1 and M.A.C. Potenza1 

1Dipartimento di Fisica, Università degli Studi di Milano and INFN Sezione di Milano – via G. Celoria, 16           
20133 Milano, Italy 

Radiation with Orbital Angular Momentum (OAM) formalized at the end of the twentieth century has aroused, in the last 
decades, considerable interest in various scientific disciplines, effectively leading to the formation of what is now known 
as singular optics. Among different disciplines and applications, the field of quantum information is of particular interest, 
thanks to the additional degree of freedom provided by the quantum number, called topological charge, which quantizes 
the orbital angular momentum of a single photon. Efficient detection of the topological charge is essential to exploit the 
benefits introduced by the high number of accessible states of OAM radiation. We present an innovative approach based 
on local interferometry for detecting the OAM state of entangled photons by exploiting only a small portion of the photon 
beam also far from the singularity.  
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The organometal halide perovskites (OMHP) semiconductors are promising candidates for fast, sensitive and large area 
photodetectors. A gain in OMHP based detectors has been observed in several architectures, but usually in association 
with a slow time response. A model describing the underlying mechanics is still missing or at least incomplete. One goal 
of the PEROV R&D activity is to find out whether OMHPs exhibit an internal avalanche multiplication. Several 
CH3PbBr3 based devices have been developed, fabricated and characterized: film-based devices with 300 nm thickness 
and devices based on high quality single crystals with seeding techniques or with unconventional lithographic techniques, 
with thickness from microns to mm. We will present an overview of the activities carried on within the PEROV project. 
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The hybrid organometal halide perovskites have attracted many attentions owing to the high conversion efficiencies 
of solar cells based on these materials. Besides the application to the solar cells, the hybrid organometal halide perovskites 
have also been demonstrated to be promising for light-emitting diodes, lasers and field-effect transistors. The photo-
physics is fundamental to understand the generation, relaxation and recombination of photocarriers in the hybrid 
organometal halide perovskites and to improve their performance in light-harvesting and light-emitting. Hereby, we 
employ linear absorption, photoluminescence and optical-pump THz-probe spectroscopy to investigate the photo-physics 
in methylammonium lead iodide. The commonly used rate equation fails to account for the fast decay component in the 
THz photoconductivity when the material is pumped at 400 nm. We successfully explained the fast decay component by 
proposing ultrafast hole relaxation between dual valence bands. The explanation also elucidates the absence of 
photoluminescence at 480 nm. 

 

 

 

Fig. 1 Band structure, the excitation, relaxation and recombination. Recombination only happens between the bands of 
VB1 and CB1, shown by the dashed red arrow. Pump at 800 nm only excites the transitions between VB1 and CB1 
whereas, pump at 400 nm excites both the transitions between VB1 and CB1, and those between VB2 and CB1. Holes 
created in VB2 quickly relax to VB1 (indicated by the curved colorful arrow), rather than directly recombine with 
electrons in the conduction band. 
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A fast and highly sensitive UV detector ZnO nanostructure for optoelectronic applications is presented. The optical, 
structural, and UV photodetection characteristics of ZnO nanoparticles films fabricated on a glass substrate were 
conducted before and after thermal annealing in a vacuum. An excellent temporal photocurrent response to UV 
illumination was observed for the annealed film. Our findings suggest that annealing improves UV photoresponse by 
forming surface oxygen vacancies, which could be verified using a validated model.  
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The research on thin films of transition metal oxides have triggered an enormous interest in applications but also in the 
understanding of novel phenomena, both for technological applications and fundamental science perspectives [1]. In this 
work, we focused on a particular transition metal (TM) oxide, the molybdenum (VI) oxide (MoO3) deposed on Cu 
substrates. MoO3 is an insulating oxide and also a natural layered van der Walls material. When deposited as a thin layer 
(e.g., <300 nm) on copper it exhibits a good conductivity, while having a relative high work function, higher than the 
copper surface one [2-5].  
Here we present the development and the optimization of the vapor deposition process and the characterization of the 
physical and chemical properties of the deposited films. By using Raman spectroscopy, Auger electron spectroscopy and 
X-ray absorption spectroscopy, we also characterized the structural order and the electronic properties of these films. In 
particular, the XANES spectroscopy probed the presence of insulating or metallic oxide phases and correlate the electronic 
properties with the conductivity properties of these coatings [4-5]. To improve the adhesion properties of the film, an 
annealing procedure was developed, with different thermal treatments. With scanning electron microscopy, X-ray 
absorption and Raman spectroscopies, we were able to demonstrate that the optimized procedure allows ordering of the 
film, minimizing the reduction of molybdenum atoms and the oxidation of the copper substrate [4,5]. 
Due to its unique properties, MoO3 is an interesting material for protecting the surface of accelerating RF cavities. As a 
matter of fact, due to the copper low WF, the performance and the lifetime of a copper RF cavity are affected by 
breakdown phenomena and field emission [6]. A high work function conductive coating could be used to reduce these 
damaging phenomena, extending the lifetime of the device and allowing it to operate at higher electric fields [2,4,7,8]. 
For this reason we are working on the manufacture of a copper-coated RF cavity with a cylindrical shape and we tested 
MoO3 thin films deposed on copper to high intensity THz pulsed irradiation at different incidence angles. In spite of the 
low thickness (~100-200 nm) these coatings showed a significant reduction of the damage on the copper surface [4]. 
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Noise at the quantum limit over a large bandwidth is a fundamental requirement for a large spread of future 
applications operating at millikelvin temperatures, as the rapid high-fidelity multiplexed readout of 
superconducting qubits, the neutrino mass measurement, the next-generation x-ray observatory, the CMB 
measurement, and dark matter and axion detection. The sensitivity to read out arrays of qubits, 
microcalorimeter detectors, such as Transition Edge Sensors (TESs) as well as Microwave Kinetic Inductance 
Detectors (MKIDs), and resonant axion-detectors, such as haloscopes, is currently limited by the noise 
temperature and bandwidth of the cryogenic amplifiers. 
The DARTWARS (Detector Array Readout with Traveling Wave AmplifieRS) project has the goal of 
developing high-performing innovative traveling wave parametric amplifiers (TWPAs) with a high gain, a 
high saturation power, and a quantum-limited or nearly quantum-limited noise. 
These amplifiers are based on the parametric amplification of microwaves traveling along a transmission line 
with embedded nonlinear elements, which can be implemented by Josephson junctions or by superconducting 
microstrips with large kinetic inductance. In both cases, the non-linear current-inductance relation is 
responsible for the mixing and parametric amplification. 
The project explores new design solutions, new materials, and advanced fabrication processes. The long-term 
goal is to demonstrate, for the first time, the readout with different sensors and devices (TESs, MKIDs, 
microwave cavities, and qubits) opening the concrete possibility to increase the sensitivity of the next 
generation of particle physics and quantum computing experiments. 
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Metasurfaces are artificial two-dimensional materials realized through an appropriate design of conducting and insulating 
components, showing a tailored electromagnetic response to an impinging field. Manipulation and control of the 
transmitted/reflected signal can be achieved by tuning the dielectric function of the conducting components. Using a 
superconductor, the wave-like properties of the material can be exploited to design metasurfaces with fast commutation 
rates. In particular, spatial light modulators can be realized controlling the normal or superconducting state of the unit 
cells composing the metasurface, by means of either external magnetic fields or injected currents. We will primarily 
present our findings on the excitation of spoof surface plasmon polaritons [1] in the THz band in metagrids realized with 
different techniques [2] [3], putting an emphasis on the switching properties of a metasurface having a properly patterned 
superconducting layer. 
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The approach of Moore’s law breaking and the consequent slowing of technology scaling awakened interest for quantum 
technologies. Most of the excitement comes from the foreseen computational power of a quantum computer and from the 
possibility to achieve Quantum Supremacy1. The main advantage of quantum computation with respect to the “classical” 
computation, relies on its basic unit, the Qubit (quantum bit). Respect to the Boolean constrained classical bit, a qubit can 
be in the state |0>, |1> or in a superposition of the two. This ability to exploit quantum superposition allows parallel 
computing, potentially speeding up the calculation efficiency millions of times. 

Among the different technologies used to create qubits, using miniature superconducting circuits, is one of the most 
spread. The core element for the superconducting qubit is the Josephson junction (JJ), which is composed of two 
superconductors (SCs) separated by an ultrathin tunnel barrier (not SC material). 

JJs are versatile quantum components that can be used for multiple purpose. In addition to exploit the quantization of the 
energy levels of a JJ to build an operating qubit, it is also possible to use such device as single photon detector exploiting 
the photo-induced superconducting to normal phase transition2,3. This versatility can be beneficial to different fields e.g., 
one of the main actors of the hunt for the dark matter is the Axion search. It requires ultra-sensitive photon detectors in 
the microwave range, that makes JJ an ideal tool for this objective.  

Despite the importance of JJ their performances are often limited by the materials choice, mostly Al where AlOx is used 
as insulating layer. However, the natively grown AlOx has been reported to have inhomogeneous thickness distribution 4 
and defects that may hinder and in the worst case compromise the qubit performance5,6 

Fabricating JJs using materials with novel properties is expected to introduce additional functionalities in the field of 
superconducting qubits. In this framework, atomically thin van der Waals (vdW) materials can play a central role in 
advancing the technology and performances of JJ. The advantages of using vdW solids are multiples: it is possible to 
fabricate vdW heterostructures stacking monolayer of different materials together controlling exactly the number of 
atomic layers in the devices; it is possible to manipulate the stacking angle therefore tuning the interlayer coupling, the 
quality of the interface is extremely high because of the flatness of the atomic planes that minimizes misfits and defects, 
the extreme quantum confinement in the 2D layer allows the emergence of novel properties etc. 7 

This contribution will present a perspective on how vdW materials can influence and enhance the features and 
performances of quantum devices and the potential impact of vdW materials on quantum technologies. 
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Graphene like materials, carbon based nano fillers and their composite forms have been extensively studied in 
the literature [1]. Conserving the intrinsic properties of isolated graphene (electro-optical, mechanical and 
thermal properties), recent activities have proven to achieve superior Electro Magnetic Interference (EMI) 
shielding performances [2] with the capability to engineer structures to design functional shields and tailoring 
the level of contributions percentages for various advanced application areas such as accelerator based high 
field THz applications. Recent experimental and analytical results on the transmission and reflection properties 
of various Graphene filler-based composites, foams and multilayered structures will be presented. The EMI 
shielding behavior of thermoplastic polyurethane–Graphene nanoplatelets microcellular foams [3] and 
Graphene/PMMA multi stack advanced structures [4] will be discussed in comparison with their composite 
counterparts, to plot a possible road map for engineered functional EMI shields for advance applications. 
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CEDAD-Centre for Applied Physics, Dating and Diagnostics is a research and service center at the Department 
of Mathematics and Physics “Ennio de Giorgi”, University of Salento in Lecce, Italy. The Centre is based on 
a 3 MV Tandetron-type accelerator equipped with six different beamlines, four of which are dedicated to 
material science applications.  

Different techniques for the characterization of materials by mean of both in air and in vacuum IBA (Ion Beam 
Analysis) techniques such as RBS (Rutherford Backscattering Spectrometry)-channeling, PIXE (Particle 
Induced X-Ray Emission), PIGE (Particle Induced Gamma Ray Emission), ERDA (Elastic Recoil Detection 
Analysis), IBIL (Ion Beam Induced Luminescence) are available. Strongly focused (~1-2 μm) ion beams 
(protons and alfas) are also available at the nuclear microprobe beamline based on a magnetic quadrupole and 
on an experimental chamber equipped with an imaging system and detectors for both characteristic X-Rays 
and backscattered particles. Elemental mapping and patterning with protons is possible through a magnetic 
beam scanning unit.  

Irradiation experiments are also possible both in vacuum and in air with a wide range of ion species produced 
by the four different ion sources feeding the tandem accelerator from protons to actinides. Ion energies in the 
range 0.25-10 MeV and beam currents of 1 fA-10 μA (depending on the selected species and charge state) are 
routinely available while a completely remote-controlled software allows remote and unattended operations.  

A general overview of the facility is presented as well as ongoing experiments and research projects.  
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Two dimensional materials have demonstrated immense potential for electronic and optoelectronic 

applications. Comparing to mechanical exfoliation and solution-based synthesis, chemical vapor deposition 

(CVD) is a widely used method to directly obtain high-crystalline and large-area monolayer transition-metal 

dichalcogenides (TMDs). However, because of the uncontrolled formation of defects during the synthesis 

process, the photoluminescence quantum yield (PLQY) of the CVD-grown TMDs is often much lower than 

their mechanically exfoliated counterparts, making the coexistence of large-area and high PLQY in TMDs 

monolayer a huge challenge. Here, we will present our recent works on the atomic engineering 2D monolayers1 

and single crystals2-4 with the focus of synchrotron radiation-based multispectral characterizations. 

Particularly, combination with theoretical simulations and atomic resolution microscopy, the correlation 

between structure and property will be discussed.   
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Energy conversion is essential for sustainable development of human beings. Worldwide efforts have been poured into 
the science and technological development of various forms of energy conversion. Among them, the solar energy as an 
endless energy source have been exploited either by photovoltaic effects (converting solar energy into electrical power) 
or thermoelectric effects (covering absorbed heat from solar energy into electrical power) of semiconductors. 
Interestingly, the quaternary Cu2ZnSnSe4 (abbreviated as CZTSe) can be simultaneously employed as solar cell absorber 
[1] and mid-temperature thermoelectric material [2] and, etc. There are two crystal structure of Cu2ZnSnSe4. One is the 
kesterite structure (SG.82, I-4) and the other is stannite structure (SG.121, I-42m). To distinguish the two structures is 
nontrivial, in particular, for the real synthetic material, which often contain two mixed phases. The major difference is 
due to the inequivalent Se-Cu bonds. There are two inequivalent Se-Cu bonds in the kesterite structure, while there is 
only one inequivalent Se-Cu bond in Stannite structure. [3] Recently, theoretical prediction [4] indicated that the kesterite 
CZTSe is topological insulator while the stannite CZTSe is not. 

 

Figure.1. Crystal structure of Cu2ZnSnSe4: (a) Kesterite and (b) Stannite 

In this talk, I will present our recent investigation of electronic excitations in polycrystalline CZTSe by the Cu K-edge 
Resonant Inelastic X-ray Scattering. Combining with theoretical calculations, the electronic structural phase in this 
material is partially revealed. Further investigations require higher resolution RIXS and feasibilities will be discussed. 

Reference 

[1] S. Bourdais, et al., Adv. Energy Mater., 6, 1502276 (2016) 
[2] M.-L. Liu, et al., Appl. Phys. Lett., 94, 202103−202106 (2009) 
[3] C. Persson, J. Appl. Phys., 107, 053710 (2010) 
[4] T. Zhang, Y. Jiang, Z. Song, H. Huang, Y. He, Z. Fang, H. Weng, C. Fang, Nature 566,475 (2019). 
 

 

 

 



 

Hydrogen doping induced phase transitions in VO2 epitaxial film   

Bowen Li1, Shi Chen1, Yuliang Chen1, Jun Jiang2 , Chongwen Zou 1 

 

1National Synchrotron Radiation Laboratory, University of Science and Technology of China,  
Hefei, 230029, P.R. China 

2School of Chemistry and Materials Science, University of Science and Technology of China, Hefei, 230026, P.R. China 
 

Hydrogenation is an effective way to tune the property of metal oxides. It could conventionally be performed by 

doping hydrogen atoms into solid materials with noble metal catalysis, high temperature/pressure annealing treatment or 

high energy proton implantation in vacuum condition. Acid solution naturally provides a rich proton source, but according 

to the common wisdom it should cause corrosion rather than hydrogenation to metal oxides. Here we report a strikingly 

simple approach to hydrogenate monoclinic vanadium dioxide (VO2) in acid solution at ambient condition by placing a 

small piece of low work-function metal (Al, Cu, Ag, Zn or Fe) on VO2 surface. With the right choice of the metal, a two-

step insulator-metal-insulator phase modulation can even be achieved. Synchrotron radiation-based characterizations have 

been conducted to explore the changes of atomic and electronic structures upon the hydrogen doping treatment. Based on 

the first principles calculations, an electron-proton synergic doping mechanism has been proposed, which can be also 

extended to other oxide material. 
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Spintronics, using the spin freedom of electron for information transportation, storage, and processing, is an 

important prototype for future information technology. Exploring advanced magnetic nanomaterials is key to develop 
spintronics in the nanoscale. In past decades, intensive efforts have been devoted to search various magnetic materials, 
such as dilute magnetic semiconductor, half metal, and bipolar magnetic semiconductors etc.. Here, on the basis of first-
principles calculations, we search new magnetic materials with high spin-polarization and Curie temperature for 
spintronics application. In particular, we provide an orbital-based strategy to design magnetic materials with topological 
elements.  
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Two-dimensional (2D) materials are an intriguing platform for quantum technologies. This is basically related 
to the extreme quantum confinement one can reach when scaling materials down to 2D level and hence 
unleashing new fronts of unprecedented quantum information processing solutions. Furthermore, designer 2D 
materials paves the way non-trivial topological states at the nanoscale. For instance, 2D topological insulators, 
also known as quantum spin Hall insulators, are expected to take place in nanoribbons of Xenes (i.e., graphene-
like 2D elementary materials) and of transition metal ditellurides (TMDs) at the single-layer level. Starting 
from this ground, non-trivial Weyl or Dirac semimetal phases can be engineered in the three-dimensional (3D) 
forms under appropriate lattice structures thus making it possible to tune the topological phase by dimensional 
variation. The topological identity along with the dimensional reduction are two key-ingredients for the 
emergence of quantum systems with technology potential, including layouts for new quantum devices and 
mechanism [1] or active elements for light generation and manipulation (e.g. in the THz spectrum) [2], etc. At 
the bottom of this physics is the careful tailoring and engineering of the materials growth process. Here I will 
go through the two relevant cases of the Xenes and TMDs from the point of view of the synthesis methods. 
On one hand, the Xene generations will be presented starting from the IV column of the periodic table (e.g., 
silicene, germanene, and stanene), up to more recent members from other columns [3]. I will pay attention to 
the epitaxial schemes and configurational details (e.g. , nterface engineering) with focus on heavier Xenes like 
stanene as more amenable candidates to display a topological properties in 2D (single-layer) and 3D 
(multilayer). On the other hand, I will report on chemical vapor deposition schemes for the growth of TMDs. 
In this framework, I will specifically focus on strain engineering of MoS2 in bendable geometries and on MoTe2 
as a compelling case of a topological material from the 2D to the 3D level. In the latter respect, I will pay 
attention to the synthesis of MoTe2 in the 1T’ structure as a precursor stage for the type-II Weyl semimetal 
phase. In this scenario, I will devise technology-enabling processing schemes towards integration in device 
platforms [4].  Acknowledgement: funding from H2020 ERC-COG grant n. 772261 “XFab”. 
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Silicene and multilayer silicene [1] have been synthesized on bismuth a-phase √3 Å~ √3R30° grown on 
Si(111)7 Å~ 7 [2]. The electronic and structural properties of the Si films have been investigated by low 
electron energy diffraction (LEED); Auger electron spectroscopy, reflection electron energy loss spectroscopy 
(REELS), grazing-incidence X-ray diffraction (GIXRD), as well as scanning tunneling microscopy (STM), 
and scanning tunneling spectroscopy (STS). Two distinct loss structures, identified by REELS measurements, 
at the Si K absorption edge (~1.840 keV) revealed the presence of the 1s->π* and 1s->σ* transitions, attesting 
the sp2-like hybridization of the silicon valence orbitals in both thin-and-thick Si films. In the meantime, the 
LEED/GIXRD/STM and STS data concur to validate these findings. A novel platform for synthesizing the Si 
allotrope on Si(111)√3 Å~ √3 R30°-Bi template, is now open for gathering topological 
insulator/superconductor heterostructures, including peculiar electronic properties, fundamental for 
valletronics, spintronics, quantum Hall devices and quantum computers [3]. This can potentially have a high 
impact on the joint CNR-INFN research, on the superconducting properties of Si-Bi, which is currently 
underway. 
 
[1] Silicene, Springer Handbook of Surface Science, Rocca, Rahman, Vattuone Editors, 2020. 
[2] P. De Padova et al., manuscript submitted, 2022 
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Since the notion of topological insulator (TI) was envisioned in late 2000s, topology has become a new 
paradigm in condensed matter physics. Realization of topology as a generic property of materials has led to 
numerous predictions of topological effects. Although most of the classical topological effects, directly 
resulting from the presence of the spin-momentum-locked topological surface states (TSS), were 
experimentally confirmed soon after the theoretical prediction of TIs, many topological quantum effects 
remained elusive for a long while. It turns out that native defects, particularly interfacial defects, have been the 
main culprit behind this impasse. Even after quantum regime is achieved for the bulk states, TSS still tends to 
remain in the classical regime due to high density of interfacial defects, which frequently donate mobile carriers 
due to the very nature of the topologically-protected surface states. However, with several defect engineering 
schemes that suppress these effects, a series of topological quantum effects have emerged including quantum 
anomalous Hall effect, quantum Hall effect, quantized Faraday/Kerr rotations, topological quantum phase 
transitions, axion insulating state, zeroth-Landau level state, etc. Here, I will overview how these defect 
engineering schemes have allowed topological surface states to pull out of the murky classical regime and 
reveal their elusive quantum signatures, over the past decade.            
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Superconducting materials take a leading role in emerging quantum technologies, owing to their dissipation-
free charge transport, which promotes quantum coherence required for many applications. For example, the 
largest-scale integrated quantum computing systems achieved to date are predominantly based on 
superconducting Josephson junction qubits [1,2]. Currently, these junctions usually consist of two bulk 
superconductors (e.g., Al), separated by an amorphous AlOx buffer layer. However, this system is prone to 
defects and roughness at the interfaces, which can strongly limit the effective quantum coherence.   

Hence, alternatives are currently starting to be explored, such as van der Waals heterostructures of 
superconducting two-dimensional (2D) materials, separated by another insulating 2D material, or alternatively 
the van der Waals gap itself. Due to their atomically sharp interfaces, these systems promise enhanced qubit 
coherence, in combination with a capability for advanced tunability (by applying strain, gating, etc.).  

To advance the development of such novel superconducting devices, extensive exploration of new 
superconducting 2D materials is paramount. To this end, we have performed high-throughput first-principles 
exploration of superconductivity in several 2D material families, such as transition metal carbides and nitrides 
(MXenes) [3], metal borides (MBenes) [4], and elemental monolayer materials (e.g., gallenene) [5], 
considering a large variety of chemical constituents. Based on our density functional theory (DFT) calculations 
of the electronic and vibrational properties, and the electron-phonon coupling, we solve the anisotropic 
Eliashberg equations to obtain the superconducting gap distribution and the critical temperature of these 
monolayer materials [3-5]. Therefore, our first-principles exploration yields new pathways to optimize 
superconductivity in the atomically-thin limit, to meet the requirements of emerging quantum technology 
applications.  

Group website: https://www.uantwerpen.be/en/research-groups/cmt/ 
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The superconductivity in iron-based, magnesium diborides, and other high-Tc superconducting materials, 
including the organic potassium doped paraterphenyl showing promising indications of high-Tc 
superconductivity, has a strong multi-band, multi-gap, and resonant character due to the quasi-two-
dimensional or quasi-one-dimensional striped character of their complex lattice and electronic structure. 
Recent experiments in multi-band superconductors support a BCS-BEC crossover induced 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].   

In the first part of the talk, we discuss different systems in which the multigap and multiband BCS-BEC 
crossover can be realized, focusing on the optimal configurations for very high-Tc superconductivity. As an 
example we consider here superconducting stripes in which shape resonances and multigap physics at the band 
edge play a cooperative role in enhancing superconductivity in the crossover regime of pairing [4,5,6,7]. A 
key prediction of the above discussed physics is recalled and discussed in comparison with experiments: the 
isotope effect of the superconducting critical temperature in the vicinity of a Lifshitz transition, which has a 
unique dependence on the energy distance between the chemical potential and the Lifshitz transition point [6].  

In the second part of the talk we will summarize experiments indicating a possible high temperature 
superconducting phase of the doped paraterphenyl compounds. Preliminary evidence for the occurrence of 
high-Tc superconductivity in alkali-doped organic materials, such as potassium-doped p-terphenyl (KPT), 
were recently obtained by magnetic susceptibility measurements and by the opening of a large superconducting 
gap as measured by ARPES and STM techniques. In our work [8], KPT samples have been synthesized by a 
chemical method and characterized by low-temperature Raman scattering and resistivity measurements. We 
report the occurrence of a resistivity drop of more than 4 orders of magnitude at low temperatures in KPT 
samples in the form of compressed powder. This fact was interpreted as a possible sign of a broad 
superconducting transition taking place below 90 K in granular KPT. The granular nature of the KPT system 
appears to be related to the 20 K broadening of the resistivity drop around Tc. 

Web sites: http://www.supermaterials.org   http://www.multisuper.org 
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Straintronics (from strain and electronics) in 2022 is rapidly growing [1-2] opening new venues to quantum 
materials design for novel quantum technologies in nanoelectronics. It is quite distinct from but similar to 
piezoelectric effect discovered by Pierre Curie on 1880 by bending, twisting, or squeezing of certain materials. 
Mechanically induced stresses in quasi two dimensional quantum nanoscale units can be used for fine tuning 
of their quantum electronics properties via quantum size effects. We focus on strain tuning of electronic 
topological Lifshitz transitions in novel electronic states of matter Superstripes, Supersolids and Supermetals 
[3-7]. Tuning the strain near an electronic topological transition the conventional theory of superconductivity 
breaks down because one of the gaps enters in the BCS-BEC crossover regime. In fact strain tunes the Fano-
Feshbach resonance due to configuration interaction between multiple gaps in the BCS pairing channel and 
the pairing channel in the BCS-BEC crossover, We use the Bianconi-Perali-Valletta (BPV) theory [4-8] for 
the material design of room temperature superconductors which includes the attractive Majorana or repulsive 
Heisenberg exchange interactions neglected in the BCS theory. Here we show that pressure in hydrides tunes 
the strain of the superlattice of interacting hydrogen quantum wires [6,7] giving the universal superconducting 
dome where Tc amplification reaches room temperature. Our results will be of help for material design of room 
temperature superconducting devices and novel piezoelectric quantum devices. 
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Dynamical structural disorder at different length scale plays an important role in the functionality of complex 
materials [1]. Here different topological templates and weak interactions between building units produce phase 
separation in different ultrastructure configurations with correlated disorder [2-4]. Achieving optimal material 
performance requires a quantitative knowledge of this functional correlated disorder, as well as its evolution 
under external stimuli. In this contest we propose new experimental approaches based on high resolution 
probes, jointly to advanced modelling and statistical tools for big data analysis [5,7]. Examples of complex 
functional materials can be found in different fields ranging from quantum science to biology [3-7]. Here we 
discuss the connections between the dynamical correlated disorder at nanoscale and the functionality in recent 
cases studies. 
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The field of topological electronic states of matter is currently one of the most active and fruitful research areas spanning 
physics, materials science and information technology. Indeed, nontrivial topological states may realise unique electronic 
states, such as the long-sought Majorana fermions, and produce novel phenomena, such as the integer and fractional 
quantum Hall effect (QHE), the quantum spin Hall (QSH) effect and charge antilocalisation. Topological electronic states 
have hitherto been described within conventional band theory suitable for non-interacting electron systems. In fact, the 
most fascinating effects in condensed matter physics are driven by electron-electron interactions. Studying the role of 
these interactions on the topological properties is emerging as an almost unexplored research field in the solid state, 
especially on the experimental side. 

Along this line, in this talk we propose the quasi two-dimensional material BaCo1-xNixS2 (BCNS) [1-4] as a model system 
to investigate experimentally and theoretically the possibility of tuning Dirac states across the Fermi liquid to non-Fermi 
liquid crossover. We shall review and critically discuss some of our recent results suggesting that this tunability is indeed 
achieved in BCNS using either chemical [5] or photo-induced doping [6]. To the best of our knowledge, this tunability 
has never been observed before experimentally in the solid state, previous reports being either theoretical or experimental 
in optical lattices [7]. 
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One of the major strategies towards realizing powerful quantum hardware of tomorrow is to employ high-temperature 
superconductors as a platform for innovative high-temperature qubits and quantum detectors. One of the stumbling stones 
impeding the progress is the necessity to provide long coherence times ensuring the qubit’s enhanced performance at 
elevated temperatures.  

We show how to engineer a new generation of the van der Waals heterostructures comprising atomically thin Bi2Sr2Can-

1CunO2n+4 (where n = 1,2,3) crystals. The intended van der Waals constituent Bi2Sr2Can-1CunO2n+4 planes are twisted with 
respect to each other and make the Josephson junctions. A central goal and an intellectual appeal of the research on the 
fundamental side, is the discovery and demonstration of new properties of new topological superconducting phases and 
states induced by the Josephson coupling between the van der Waals layers. An important consequence of the expected 
topological superconducting states is that the coherence of Cooper pairs is also topologically protected. 

arXiv preprint arXiv:2108.13455 (2021) 
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The emergence of collective order in matter is among the most fundamental and intriguing phenomena in physics. In 
recent years, the ultrafast dynamical control and creation of novel ordered states of matter not accessible in 
thermodynamic equilibrium is receiving much attention. Among those, the theoretical concept of dynamical 
multiferroicity has been introduced to describe the emergence of magnetization by means of a time-dependent electric 
polarization in non-ferromagnetic materials [1,2]. In simple terms, a large amplitude coherent rotating motion of the ions 
in a crystal induces a magnetic moment along the axis of rotation. However, the experimental verification of this effect 
is still lacking. Here, we provide the first evidence of room temperature magnetization in the archetypal paraelectric 
perovskite SrTiO3 due to this mechanism. To achieve it, we resonantly drive the infrared-active soft phonon mode with 
intense circularly polarized terahertz electric field and detect a large magneto-optical Kerr effect. A simple model, which 
includes two coupled nonlinear oscillators whose forces and couplings are derived with ab-initio calculations using self-
consistent phonon theory at a finite temperature [3], reproduces qualitatively our experimental observations on the 
temporal and frequency domains. A quantitatively correct magnitude of the effect is obtained when one also considers 
the phonon analogue of the reciprocal of the Einsten – de Haas effect, also called the Barnett effect, where the total angular 
momentum is transferred from the coherent phonon motion to the electrons. Our findings show a new path for designing 
ultrafast magnetic switches by means of coherent control of lattice vibrations with light. 
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Transition metal oxides with high work function and optoelectronic properties are now employed for several advanced 
applications, such as thermochromic and photonics as well as protective coatings [1-4]. In particular, molybdenum oxides 
recently aroused the attention, due to the peculiar characteristics of these materials, originated from the multiple valence 
states of Mo. Bulk MoO3 is a high-k dielectric insulator, but the electronic structure of MoO3 can be tailored by modifying 
the oxygen sub-stoichiometry (MoO3−x), introducing electronic gap states and increasing, so, the electrical conductivity 
[5]. Recent studies [6,7] reported how MoO3 film deposited over a metallic substrate tends to become conductive in the 
first nm from the interface, while the bulk work function remains high and constant. This may be the result of the reduction 
of stoichiometric Mo6+ at the metal/oxide interface, a mechanism that is a function of the TM oxide thickness and the 
metal reactivity. This reduction results in the formation of defects (i.e., oxygen vacancy) within the MoO3 lattice, which 
act as n-type dopants [8], increasing the conductivity of the film. In recent years, the high work function and hole transport 
properties of MoO3−x have been examined and MoO3−x/Cu system were developed as contact material for CdTe solar cell 
[2], using copper as dopant, to improve the conversion efficiency of the cell. It has also been suggested that the coverage 
of the inner part of RF cavities with high work function TM oxides can significantly improve the performance of such 
devices under high tensions [9,10]. In the present work, it will be shown how the metallic substrate enhances the 
concentration of oxygen vacancies. Furthermore, possible diffusion of the metallic element into the MoO3 structure, 
forming an alloy is discussed.  
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In this work we report unconventional superconductivity in a three-dimensional (3D) superlattice of metallic 
2D layers tunig the spin orbit coupling, Quantum size effects due to the confinement potential along the 
direction orthogonal to the layers gives electronic mini-bands which lead to multigap superconductivity 
described by the Bianconi, Perali, Valletta theory [1-8]. The application of an electric field and the confinement 
breaks the spatial inversion symmetry allowing a Rashba spin-orbit coupling (RSOC) [9]. We show that the 
presence of the RSOC amplifies both the gap and the critical temperature when the Fermi energy crosses the 
band edge of the highest energy mini-band. Our results provide quantitative indications for material design 
giving the values of the lattice parameters and electron-phonon coupling for possible practical realizations in 
a way potentially relevant for spintronics functionalities in several existing experimental platforms and 
materials [9].  
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