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PL-01 

EXTREME LIGHT INFRASTRUCTURE – NUCLEAR PHYSICS 

STATUS UPDATE 
 

For the ELI-NP team Ioan Dancus 

 
Extreme Light Infrastructure - Nuclear Physics, IFIN-HH, 30 Reactorului Street, 077125 Magurele, Romania 

 

 

 

The Extreme Light Infrastructure – Nuclear Physics (ELI-NP) is a state-of-the-art 

European research facility located in Bucharest-Măgurele, Romania. It comprises two 

primary high-performance systems: a high-intensity laser and a tunable, high-brilliance 

gamma beam source [1,2].  

Since early 2020, the facility has delivered laser pulses at nominal powers of 100 

TW, 1 PW, and 10 PW to experimental areas under the user access program. The High 

Power Laser System (HPLS) at ELI-NP currently operates as the most powerful laser 

system worldwide, routinely generating 10 PW pulses in experimental configurations 

[3,4]. 

IFIN-HH/ELI-NP is also managing two major initiatives: “Medical Applications of 

High-Power Lasers – Dr. Laser” and the Centre for High Power Optics.  

This presentation will provide a technical overview of the ELI-NP infrastructure, 

its capabilities, and the current status of ongoing research and development activities. 

 

Acknowledgements: This work was supported by the Extreme Light Infrastructure 

Nuclear Physics (ELI-NP) Phase II, a project co-financed by the Romanian Government 

and the European Union through the European Regional Development Fund the 

Competitiveness Operational Program 065208-5 (1/07.07.2016, COP, ID 1334), by the 

PN 23 21 01 05 and the LAS-COMB ELI-Ro contract funded by the Romanian Ministry 

of Research, Innovation and Digitalization and the IOSIN 2023 funds for research 

infrastructures of national interest. The work was partially supported by the European 

Union and the Romanian Government within the Romanian Health Program  of the 

project “Medical applications of high-power lasers - Dr. Laser” Cod SMIS: 326475. 

 

Keywords: high power lasers, ultra-high intensity lasers, scientific facilities. 
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PL-02 

PHYSICS-INFORMED NEURAL NETWORKS FOR PDES: A 

SURVEY FROM DIGITAL TO PHOTONIC APPROACHES  
 

Péter Kovács1  

 
1HUN-REN Wigner Research Centre for Physics, Konkoly-Thege Miklós út 29-33, 1121 Budapest, Hungary 

 

 

 

Physics-Informed Neural Networks (PINNs) have emerged as a powerful class of 

machine learning models for solving ordinary and partial differential equations (ODEs 

and PDEs), integrating physical laws directly into the training process. These models have 

been successfully applied to a wide range of problems in physics and engineering, 

including heat flow, electrostatics, and fluid dynamics, using well-known equations such 

as the heat, Poisson, and Navier-Stokes equations. To date, most of this work has focused 

on classical digital neural networks. 

Recently, there has been growing interest in exploring alternative computational 

paradigms for PINNs. In particular, continuous-variable quantum neural networks 

(CVQNNs) have opened the door to quantum physics-informed neural networks 

(QPINNs), where quantum systems are trained to respect physical constraints. At the 

same time, classical photonic neural networks - systems that use light instead of electricity 

to process information - are attracting attention for their potential for fast and energy-

efficient computation. Although photonic neural networks have shown promise in tasks 

such as image classification, their application to solving differential equations remains 

largely unexplored. 

This talk will review recent developments in these three approaches – digital, 

photonic, and quantum photonic – and discuss how each can be used to solve 

representative PDEs, such as the heat equation or the Burgers equation. Rather than 

focusing on a single result, we aim to give a broad overview of current methods and 

highlight how different computational architectures approach physics-informed learning. 

 

Keywords: Physics-Informed Neural Networks, Machine Learning, Partial Differential 

Equations  
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PL-03 

MODELING LASER-DRIVEN TRANSIENT PHASE 

OSCILLATIONS  

OBSERVED BY ULTRAFAST TEM 
 

Laurențiu Stoleriu and Denisa Colțuneac 

 
Faculty of Physics and CARPATH Centre, ”Alexandru Ioan Cuza” University of Iași, Romania 

 

 

 

Ultrafast transmission electron microscopy (UTEM) was used [1, 2] to precisely 

probe the length changes of individual switchable spin crossover (SCO) nanoparticles 

induced thermally by nanosecond laser pulses. This allows revealing of the mechanisms 

of spin switching, leading to the macroscopic expansion of SCO materials.  

After exposure to nanosecond laser pulses, the particles exhibit considerable length 

oscillations during and after their expansion. The vibration period of 50–100 ns is of the 

same order of magnitude as the time that the particles need for a transition from the low-

spin to the high-spin state.  

The observations are explained in the framework of the mechano-elastic model 

where elastic and thermal coupling between the molecules within a crystalline spin 

crossover particle governs the phase transition between the two spin states. The 

experimentally observed length oscillations are in agreement with the calculations, and it 

is shown that the system undergoes repeated transitions between the two spin states until 

relaxation in the high-spin state occurs due to energy dissipation.  

Spin crossover particles are, therefore, a unique system where a resonant transition 

between two phases occurs in a phase transformation of first order. 

 
Figure 1: Phase transition induced acoustic wave propagation in a nanocrystalline 

SCO particle. 

 

 

Keywords: spin-crossover materials, mechano-elastic model. 
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LUMINESCENCE AND FARADAY ROTATION PROPERTIES OF 

TB2O3 AND TB:Y2O3 SINGLE CRYSTALS 
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 4Univ. Grenoble Alpes, CNRS, Grenoble INP (Institute of Engineering Univ. Grenoble Alpes), SIMAP, 38000 
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Over the last years, many Tb-based crystals (TGG, TAG, TSLAG, TbVO4, 

CALTO, STB, LTB, TbCOB, TLF, etc.), were obtained and investigated for their Faraday 

rotation property, noticeably in the near infrared spectral range, and their utilization in 

high intensity linearly polarized laser chains to protect the optics from deleterious 

longitudinally scattered and reflected laser lights [1–4]. Indeed, when such a transparent 

material is submitted to a longitudinal magnetic field and when a linearly polarized light 

beam is propagating forward through it, its polarization is rotated in a direction (left or 

right) by an angle θF which is proportional to the applied magnetic field H and the 

thickness t of the material according to the expression θF = kV × t × H, where kV is the 

Verdet constant. This effect is also crucial for several high-performance photonic devices 

such as in telecommunications, light detection and ranging, and even quantum platforms. 

Crystal-based optical isolators and circulators are key components for high-performance 

optical systems, especially for demanding applications such as coherent telecom 

transceivers, optical switches for data centers, light detection and ranging (LiDAR) 

systems or quantum interconnects where fleeting quantum states transfer between 

different parts of quantum communication platforms [5]. Due to their larger transparency, 

as compared with 3d transition metal-based materials, Tb-based crystals are prospective 

materials in the visible spectral range for more compact implementations of high-

performance photonic circuits, which could make their way inside integrated photonic 

engines. 

Heavily-doped and fully concentrated 2.78 % Tb:Y2O3 and Tb2O3 single crystals 

with high optical quality and very low levels of impurities have been grown and studied 

for their luminescence and Faraday rotation properties. Absorption, emission and 

fluorescence decay measurements performed vs excitation wavelength and temperature 

and their confrontation with Judd-Ofelt and crystal-field calculations show the 

contributions of two types of luminescent centers: dominant ones with a 5D4 emission 

lifetime of 23 μs corresponding to coupled near-neighbor Tb3+ ions, all in C2 symmetry 

sites, and minority ones with a 5D4 emission lifetime of about 2 ms corresponding to 

coupled Tb3+ ions in C2 and C3i near-neighbor symmetry sites. Faraday rotation 

measurements confirm Tb2O3 as the Tb-based Faraday crystalline material with the 

largest ever measured Verdet constant, at all temperatures and from the visible to the near-

infrared. They also show that the dominant luminescent centers contribute more 

particularly to this large Verdet constant thanks to a favorable crystal-field splitting of 

their 7F6 ground multiplet and also to the contributions of both types of spin-allowed and 

spin-forbidden 4f-5d absorption bands. 



9 

 

 
Figure 1: Absolute values of the Verdet constant versus wavelength of Tb2O3, CaLTO, TGG, and TAG 

crystals along with fits of data values. 

 
 

Keywords: Tb2O3, luminescence, Faraday rotation. 
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PL-05 

RECOMMENDER SYSTEM FOR DISCOVERY OF  

NEW INORGANIC COMPOUNDS 
 

Isao Tanaka1,2 

 
1Office of Research Acceleration, Kyoto University (Yoshida, Sakyo, Kyoto 606-8501 JAPAN) 

2Japan Fine Ceramics Center (Atsuta, Nagoya, 456-8587, Japan) 

 

 

 

In this study, we explore the development of a recommender system designed to 

efficiently identify chemically relevant compositions (CRCs) of previously unknown 

inorganic ionic compounds [1,2]. Utilizing the Inorganic Crystal Structure Database 

(ICSD), our tensor-based recommender system evaluates over 23 billion chemical 

compositions across five-element ionic systems. Remarkably, our approach achieves high 

success rates without relying on prior knowledge or first-principles calculations. The 

recommendations generated have led to the successful synthesis of novel oxides and 

nitrides [3,4], highlighting the system's efficacy in accelerating materials discovery. 

Additionally, our recommender system predicts optimal processing conditions for these 

new compounds by leveraging a dataset derived from parallel synthesis experiments [5-

7]. This methodology not only enhances the discovery pipeline but also sets a new 

standard for computational materials science, combining vast data handling with practical 

experimental applications. 

 
 

Keywords: data-driven discovery, first principles calculations, ceramics 
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PL-06 

EXPLORING THE QUARK–GLUON PLASMA WITH ALICE 
 

Alexandru Florin Dobrin (for the ALICE Collaboration) 

 
Institute of Space Science – INFLPR Subsidiary, 409 Atomistilor Street, Magurele, Ilfov, 077125 

 

 

 

 

Measurements of two- and multi-particle azimuthal correlations provide valuable 

information on the properties of the system created in collisions of hadrons and nuclei at 

high energy. In this talk, the ALICE results for inclusive and identified particle azimuthal 

correlations are reported in different collision systems after a brief introduction of the 

concepts of a heavy-ion collision.   
 

Keywords: ALICE, azimuthal correlations 
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PL-07 
SKYRMIONIC QUBITS AS PLATFORMS FOR QUANTUM GATES 
 

Coriolan V. Tiusan1,2, Doru Sticlet3 
 

1Department of Solid-State Physics and Advanced Technologies, Faculty of Physics, Babeș-Bolyai University 

Cluj-Napoca, Romania, email: coriolan.tiusan@ubbcluj.ro 
2 National Center of Scientific Research, France 

3 National Institute for Research and Development of Isotopic and Molecular Technologies, Cluj-Napoca, 

Romania 

 

Recent theoretical predictions [1] suggest that nanometer-sized skyrmions can 

encode quantum information in their helicity degree of freedom, which can be controlled 

using electric or magnetic fields over a broad operating range, providing significant 

anharmonicity. These skyrmions are stabilized by competing exchange interactions, and 

crucially, in the absence of the Dzyaloshinskii–Moriya interaction (DMI), which would 

otherwise lock the helicity degree of freedom. However, traditional skyrmionic spintronic 

applications primarily rely on DMI mechanisms and their control within carefully 

designed architectures [2]. To fulfill this criterion and exploit the existing expertise in 

skyrmionic materials and their applications in information technologies, we explored both 

classic and quantum skyrmionic states stabilized by DMI. Our theoretical approach 

utilizes a quantum exact diagonalization framework, that can be applied to several 2D 

spin lattice models, geometries and symmetries. 

 

Figure 1: Quantum gates based on quantum skyrmions 

We show that, under open boundary conditions, classic skyrmions emerge, similar 

to those described by micromagnetic tools. However, a stable and robust quantum 

skyrmionic phase can be realized when periodic boundary conditions are applied, within 

a specific region of the phase diagram determined by parameters such as DMI, direct 

exchange, anisotropy, and magnetic field. We demonstrate that these quantum skyrmions 

can be manipulated using external periodic and static field perturbations, enabling the 

construction of Pauli-X, Y, Z, and Hadamard-gate quantum logical gates (see Figure 1). 

Furthermore, by comparing the results from the 2D lattice model to those from 1D Ising 

spin models with DMI, we highlight the detrimental impact of DMI on the coherent 

precessional manipulation of quantum skyrmionic states. We also investigate the quantum 

quenching phenomena induced by DMI in both 2D and 1D spin lattices, under both 

periodic and open boundary conditions. Our findings offer promising paths for the 

development of new skyrmionic qubit devices for quantum spintronic applications, 

building on existing knowledge of DMI-controlled skyrmionic materials. 

Keywords: quantum skyrmions, qubits, quantum spintronics. 
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A PERSPECTIVE ON MAGNETIC INTERACTIONS IN 

ASSEMBLIES OF MAGNETIC NANO-OBJECTS 
 

Victor Kuncser 

 
National Institute  of Materials Physics, Atomistilor 405A, 77125, Magurele, Ilfov, Romania 

 

 

 

Assemblies of interacting magnetic nano-objects can be formed either in a fluid 

media or in a solid matrix, with the involved magnetic interactions having direct 

implications on the magnetic response of the system. A brief overview of different types 

of magnetic interactions possible to appear inside or inter magnetic nano-objects of 

different dimensionalities will be comparatively provided.  In the first case, specific 

ferrofluids can be formed with wide applications from civil engineering to bio-medicine 

[1]. The influence of long-range magnetic dipolar interactions and possible organization 

of the magnetic clusters on magnetic relaxation phenomena and implicitly on the specific 

absorption rate of ferrofluids of different volume fractions will be discussed.   In the 

second case, the matrix may intermediate the magnetic interactions among the magnetic 

nano-entities, but also influence their shape and configuration. Various examples will be 

provided, starting from the induced organization of magnetic nanowires in different 

bidimensional templates to the auto-organization of magnetic nanoclusters inside the 

thickness of a metallic film or on the surface of a metallic film (Figure 1).  The large 

variety of the obtained magnetic dimensionalities and magnetic anisotropies and their 

influence on the electron transport properties (magnetoresistance effects) of the overall 

complex system will be discussed.  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Organization of Fe clusters in Au 2D matrix (left side) and Fe-Co clusters on trenched Mo 

substrates (right side)  

 

Keywords: magnetic interactions, assemblies of magnetic nano-objects, functionalities 
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TCP-I01 

ARTIFICIAL INTELLIGENCE BASED AUTOMATIC ADAPTIVE 

QUADRATURE  
 

Gheorghe Adam1,2 and Sanda Adam1,2 

 
1Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH), 30 Reactorului, 

Măgurele - Bucharest, 077125, Romania 
2Laboratory of Information Technologies, Joint Institute for Nuclear Research, 

6, Joliot Curie St., 141980 Dubna, Moscow Region, Russia  

 

 

The development of a conceptual frame enabling the implementation of an artificial 

intelligence (AI) driven automatic adaptive quadrature (AAQ) of the one-dimensional 

Riemann integral (RI) is discussed. 

There are two basic pillars, which drive the AI-AAQ solution: 

(i) The subrange decision tree analysis of the RI features that are fundamental for 

the choice of the best conceivable quadrature rule at the initial stage of the AAQ. 

(ii) Solution refinement through Bayesian inferences, which follow from the local 

analysis of RI features at the knots of the quadrature sum decided at the step (i).  

The inheritance of data got over the parental chain of the current subrange 

enhances the reliability of the local Bayesian inference.  

While the inception and refinement of the AAQ solution through subrange 

subdivision follows an up-down approach, which enables AAQ solution improvement by 

subrange subdivision, both AI analysis steps follow a down-up way, either at an 

infinitesimal scale (step (i)), or at a finite but finer scale (step (ii)).  

The AI-AAQ method preserves all the perennial features resolved within the 

classical QUADPACK approach [1], as well as the features stemming from the a priori 

knowledge of the RI properties [2]. At the same time, it eliminates the fragility of the 

automatic decisions driving the path to the solution within the state-of-the-art 

QUADPACK package solutions of the Riemann integrals.  

 

Keywords: artificial intelligence, automatic adaptive quadrature, QUADPACK package, 

Bayesian inferences, numerical integration, Riemann integrals. 
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CHIRAL MAGNETIC EFFECT ENHANCEMENT AT LOWER 

COLLISION ENERGIES 
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The Chiral Magnetic Effect (CME) is a macroscopic transport phenomenon, 

whose origin lies in the anomalous chiral symmetry. It manifests itself as the generation 

of an electric current in a chiral plasma under a magnetic field. Such an effect can be 

generated in heavy ion collisions, and its measurement could serve as an indirect 

observation of the non-trivial topology of non-abelian gauge fields. I will review the 

next-to-simplest holographic model in which the chiral magnetic effect can be studied, 

discussing previous results as well as the most recent findings [1,2]. In particular, we 

extend previous holographic studies of the CME by incorporating a time-dependent 

magnetic field. Interestingly, the integrated chiral magnetic current can exhibit a non-

monotonic dependence on the collision energy. Our results suggest that the CME signal 

is enhanced at collision energies below 200 GeV. 

Keywords: gauge-gravity duality, anomalous transport, quark-gluon 

plasma. 
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TCP-O01 

SIGNATURES OF LOCAL ACCELERATION OF QUARK-GLUON 

PLASMA IN THE DILEPTON PRODUCTION 
 

Victor E Ambruş1, Aritra Bandyopadhyay1, Maxim N Chernodub2,1
 

and Moulindu Kundu1  
 

1Department of Physics, West University of Timişoara,  Bd. Vasile Pârvan 4, Timişoara 
2Institut Denis Poisson, CNRS - UMR 7013, Université de Tours, 37200 France 

 

 

 

Dilepton emissions represent a key probe for characterising the Quark-Gluon 

Plasma (QGP). A central role in computing dilepton yields is played by the imaginary 

part of the electromagnetic current-current correlation, or equivalently, of the photon 

polarisation tensor [1]. In this work, we investigate the influence of local acceleration on 

dilepton production. We compute this quantity in a thermal medium subject to 

acceleration. We assume the acceleration is sufficiently small so that it can be treated as 

a perturbation. We employ the thermal Dirac propagator in an accelerated frame, recently 

formulated within the imaginary-time formalism in [2]. Using a small acceleration 

expansion, we evaluate the imaginary part of the photon polarization tensor (see Figure 

1). Our perturbative results are then compared with the case of vanishing acceleration, 

allowing us to clearly isolate and identify the effects introduced by local acceleration. 

 

Figure 1: Imaginary part of one-loop photon polarization in a hot and weakly accelerated medium shown 

through the expansion of the order of the acceleration. 𝑆𝐸
0 denotes the Euclidean thermal Dirac 

propagator at vanishing acceleration and 𝛼𝑆𝐸
1
 denotes the first order correction in finite acceleration. 

 

 

Keywords: Dilepton production rate, Accelerated medium, Quark gluon plasma. 
 

References: 

[1] L. D. McLerran and T. Toimela, Phys. Rev. D 31, 545 (1985). 

[2] V. E. Ambruş and M. N. Chernodub, Phys. Lett. B 855, 138757 (2024). 

  



18 
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A LATTICE BOLTZMANN MODEL USING THERMAL ENSKOG-

VLASOV THEORY TO SIMULATE PHASE SEPARATION 
 

Sergiu Busuioc1 and Victor Sofonea2 
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An Enskog-Vlasov finite-difference Lattice Boltzmann (EV-FDLB) for liquid-

vapor systems with variable temperature is introduced. The model involves both the 

simplified Enskog collision operator and the self-consistent force field which accounts 

for the long-range interaction between the fluid particles. Full-range Gauss-Hermite 

quadratures were used for the discretization of the momentum space. The numerical 

solutions of the Enskog-Vlasov equation obtained employing the EV-FDLB model and 

the Direct Simulation Monte Carlo (DSMC)-like particle method (PM) are compared. 

Reasonable agreement is found between the two approaches when simulating the liquid-

vapor phase separation and the liquid slab evaporation. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Phase diagram: the continuous line was traced according to the Maxwell construction, the 

symbols denote the values calculated numerically using the PM, as well as the EV-FDLB procedures. 

 

Keywords: Lattice Boltzmann, Enskog-Vlasov, multiphase flow. 
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Crystalline solid materials doped with the transition metal and rare earth ions are 

widely used in various optical applications. Complicated interplay of the host’s structural 

and electronic properties, on one hand, and impurity ion’s electronic properties, on the 

other hand, determines perspectives and limitations of performance of optical materials. 

Incorporation of those impurity ions into crystal lattice is accompanied by appearance of 

extra energy levels associated with these ions in the band gap; location of those energy 

levels in respect to the host’s valence and conduction bands is of paramount importance 

for performance of optical materials and devices based on them. 

In the present paper we present results of the first-principles calculations of the 

structural and electronic properties for several functional materials, such as Al2O3:Ti3+ 

[1], YAlO3:Ce3+ [2], Rb2MF6 (M=Si, Ni, Pd) [3]. Special attention is paid to the location 

of the impurity ion’s ground state in the host’s band gap, microscopic crystal field effects 

and influence of hydrostatic pressure on the structural, electronic, elastic and 

thermodynamic properties of the above-mentioned materials. 
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The buildup of collective flow in relativistic heavy-ion collisions is routinely 

described using relativistic hydrodynamics. As an effective theory for high-multiplicity, 

near-equilibrium fluids, the applicability of hydrodynamics in small systems is 

questionable. We scrutinize this by comparing event-by-event simulations in kinetic 

theory and viscous hydrodynamics in large (AuAu and PbPb) and small (OO) systems. 

As shown in the left panel of Fig. 1, hydrodynamics deviates from kinetic theory at low 

system opacities γ, when the system is either small, has low energy or the plasma is 

weakly-coupled [1].  

 We also demonstrate that the sensitivity to the interaction strength can be 

eliminated when taking ratios of certain elliptic flow cumulants (see right panel of Fig. 

1). Finally, we propose an observable, denoted W, that allows to discriminate between 

different interaction rates, and validate it using our event-by-event kinetic theory 

simulations [2]. 

 

 

Figure 1: (left) Flow response as a function of opacity, calculated in conformal kinetic theory and viscous 

hydrodynamic for OO collisions at LHC energies (taken from Ref. [1]). (right) Invariance of the ratio of 

the fourth cumulant to the square of the second cumulant with respect to the shear viscosity to entropy 

density ratio, 4πη/s, and comparison to ATLAS experimental results (taken from Ref. [1]). 
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The cooperative resonance fluorescence spectrum of a non-resonantly laser-driven 

dipole-dipole non-strongly coupled two-level system within the Dicke limit, i.e., the inter-

atomic distance is much smaller compared to the emission wavelengths, and a non-trivial 

detuning between the laser and system transition frequencies was considered with the 

following approximations: the electric dipole approximation, the rotating-wave 

approximation, and a rotating frame of reference taken at the laser’s pumping frequency 

[1]. The system is assumed to be driven by a moderately intense laser field. Moreover, the 

dipole-dipole interatomic coupling strength, while weak, is still significant and exceeds 

the collective spontaneous decay rate; however, it is much smaller than the Rabi frequency 

manifested by the system, which subsequently is much smaller than the emitter transition 

frequencies. We obtained the characteristic two-qubit Mollow spectrum consisting of the 

elastic part and, respectively, the spontaneous resonance fluorescence part of the 

spectrum, i.e., the central, and the left and the right spectral bands. The study discusses 

the elastic part of the spectrum and the vanishing dressed states dipole-dipole interaction 

and shows the proper analytic ratio between the non-zero detuning of the system and the 

doubled Rabi frequency to achieve the ensuing result [2]. 
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String gas cosmology [1] proposes to explain the dimensionality of spacetime by 

a decompactification scenario whereby the annihilation of winding strings/branes frees 3 

large dimensions and confines the rest. However, semiclassical analysis of the coupled 

Einstein-Boltzmann system for a gas of branes [2] leads to fine-tuning requirements if the 

6 extra dimensions are indeed to remain small. In this paper we investigate whether 

considering a compact-time background for the string gas addresses this isue while 

remaining a viable cosmological scenario itself. This approach is motivated by Gibbon’s 

observation [3] that branes should wrap time as well if they are to avoid singularities. We 

present a generalized Einsten-Boltzmann system for a compact-time toroidal universe 

initially filled with a gas of branes winding space and time dimensions and study its late-

time behaviour.   
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Using the linear sigma model coupled with dynamical quarks, we investigate 

the effect of rotation on chiral restoration in strongly-interacting matter by considering 

a rigidly-rotating plasma in unbounded Minkowski space-time. At large distances from 

the rotation axis, the medium gets hotter and the sigma condensate melts, leading to 

the natural „firewall” boundary condition σ = 0 on the light cylinder (see Fig. 1 below), 

introduced in Ref. [1]. As a result, the system is either in a mixed phase, confined in 

the vicinity of the rotation axis and deconfined close to the light cylinder, or in a purely 

deconfined state. Our present study investigates the impact of quantum corrections, 

which become dominant close to the light cylinder [2], on the phase diagram of the 

system. 

 

 
Figure 1: Normalized condensate σ as a function of the dimensionless distance ρΩ to the rotation axis, at 

finite (left) and vanishing (right) on-axis baryon chemical potential, for various values of the on-axis 

temperature. The colored (black) points represent the thermodynamically (un)-favoured solutions [1]. 

The condensate vanishes on the light cylinder at ρΩ=1, confirming the firewall paradigm. 
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Critical phenomena often occur around critical points, associated with phase 

transitions of physical systems [1]. Interesting behavior arises at the transition from an 

integrable system with regular trajectories to a chaotic one [2]. 

We focus on the critical behavior of a Hamiltonian system derived from a model of 

collective nuclear motion [3, 4, 5]. In the semiclassical limit, this system exhibits both a 

regular regime, where the phase space is filled with invariant tori, and a (semi)chaotic 

regime, in which we find pockets of the phase space with chaotic trajectories [6]. 

 
Figure 1: Maximal Lyapunov exponent for a fixed value of the parameter B = 0.55 A, plotted 

against the parameter D and the total energy of the Hamiltonian 

 

We study the evolution of the maximum value of the Lyapunov exponents for a 

random, uniformly distributed sample of initial conditions, while varying the model’s 

adiabatic parameters A, B, D and the total energy of the Hamiltonian. We find a critical 

value for the parameter B, from which the percentage of chaotic trajectories in the phase 

space starts increasing exponentially, analogous to the universal behavior of nonlinear 

dynamical systems, as described in [7, 8]. 
 

Keywords: critical points, phase transitions, quantum chaos, Hamiltonian mechanics, 

Lyapunov exponents, Feigenbaum constant. 
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This study investigates the statistical properties of waiting times derived from high-

frequency Ethereum (ETH-USDT) exchange rate data spanning over several years. A 

waiting time is defined as the shortest time interval required for the exchange rate to 

increase by at least a predefined threshold, δ, following the observation of a specific 

exchange rate.  

The Distribution of Waiting Times (or DWT for short) provides a robust statistical 

measure characterizing system dynamics; it is computationally tractable across a wide 

spectrum of hardware that ranges from low-power portable devices to large-scale data 

centers, accommodating analyses on both raw and privacy-preserving encrypted data. 

Our analysis reveals that the DWT exhibits distinct characteristics depending on the 

magnitude of δ: for small values of δ the DWTs follow a scale-free (or power law) 

distribution, while for large values of δ the DWTs are better described by a Pareto-Tsallis 

distribution. We systematically analyze the transition between these two distributions by 

examining the goodness-of-fit indicators (Kolmogorov-Smirnov distance, DKS) for both 

scale-free and Pareto-Tsallis fits across a range of δ values.  

 

 
Figure 1: The scale-free to Pareto-Tsallis distribution transition in DWTs for the ETH-USDT exchange 

rate. The full red line shows the difference in the Kolmogorov-Smirnov quality of fit indicators (ΔDKS), 

while the dotted blue line shows the derivative of the global Kullback-Leibler divergence (dDKL/dδ) 

obtained using a noise-robust differentiation method [3]. The jump in the derivative occurs near the zero-

crossing of ΔDKS, indicating the transition point. 
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The transition point, where the Pareto-Tsallis distribution provides a better 

description of the empirical DWTs than the scale-free distribution (indicated by the zero-

crossing of the difference in DKS values, ΔDKS), is further characterized through the global 

Kullback-Leibler (KL) divergence. We observe a distinct jump-like structure in the 

derivative of the global KL divergence (dDKL/dδ) around this transition point, providing 

quantitative evidence for the shift in the underlying dynamics captured by the DWT. This 

transition highlights a change in the statistical nature of price fluctuations as the 

magnitude of the required price change increases. 

 

Keywords: Cryptocurrency exchange, Waiting Time Distributions, Statistical Physics. 

 

Acknowledgements: The authors were supported through the TRUSTEE Horizon 

Europe project, Grant Agreement ID: 101070214 and the Romanian Ministry of 

Research, Innovation and Digitalization under Romanian National Core Program 

LAPLAS VII – contract no. 30N/2023. 

 

References: 

[1] G.T. Pană, P.-A. Gogîţă, and A. Nicolin-Żaczek, Waiting times for sea level variations 

in the Port of Trieste: A computational data-driven study, Romanian Journal of Physics 

69, 111 (2024). 

[2] A. Clauset, C. R. Shalizi, and M. E. J. Newman, Power law distributions in empirical 

data, SIAM Review Vol. 51, Iss. 4 (2009). 

[3] Rick Chartrand, Numerical Differentiation of Noisy, Nonsmooth Data, ISRN Applied 

Mathematics (2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 

 

TCP-O10 

FINITE SPIN DENSITY EFFECTS ON THE CHIRAL PHASE 

TRANSITION IN THE LINEAR SIGMA MODEL 

 

Pracheta Singha,1 Victor E. Ambrus,1 Sergiu Busuioc,1 Aritra Bandyopadhyay1 and  

Maxim N. Chernodub 2,1   

 
1Department of physics, West university of  Timisoara,  

Bd. Vasile Pârvan 4, Timișoara 300223, România 
2Institut Denis Poisson, Universite de Tours, Tours 37200, France 

 

 

The experimental observation of the spin polarisation of the outgoing hadrons in 

non-central heavy ion collisions implies the existence of a strongly vortical QGP medium 

with finite spin density. We consider the effect of finite spin density on the QCD phase 

diagram using the Linear Sigma model coupled to quarks (LSMq). In our approach, we 

introduce the finite spin density via a quark spin potential (𝜇𝑠) in the canonical 

formulation of the spin operator, leading to a nonlinear modification of the energy 

dispersion relation. Besides an expected effect on the thermal fermion loop, the spin 

potential also enters non-trivially in the zero-point, temperature-independent part of the 

fermion loop. Employing renormalization techniques [1], we observe a substantial 

influence of this term on the phase structure of the system at non-negligible 𝜇𝑠/T. Taking 

both the thermal and the zero-point terms into account, we find the expectation value of 

the sigma condensate by minimizing the thermodynamic potential of the system, as 

indicated by the purple dots in Fig. 1. Our findings indicate that, starting from a chiral 

symmetry broken phase at small 𝑇 and 𝜇𝑠, the minima of the thermodynamic potential 

moves towards lower values of 𝜎 with increasing 𝜇𝑠, indicating the restoration of chiral 

symmetry. This behaviour is consistent with the results from the first principle lattice 

simulations [2].  

Figure 1: 

Thermodynamic potential F as a function of σ/fπ at Τ = 0.1 GeV for various values of 𝜇𝑠. 

The purple points correspond to the minima of F and indicate the expectation value of σ. 
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We investigate the quantum dynamics of a system comprising two dipole-dipole 

coupled two-level emitters interacting via a common thermal reservoir. The analysis is 

conducted in the regime where the dipole-dipole interaction is appreciable—sufficiently 

strong to influence system dynamics, yet not exceeding the transition frequency of the 

individual emitters. By adopting the formalism of collective Dicke states, we derive the 

corresponding master equation that captures the steady-state properties of the system. 

This formulation explicitly incorporates the dependence of both spontaneous 

emission rates and mean thermal photon numbers on the dipole-dipole coupling strength 

at the relevant two-qubit transitions. As a consequence, we obtain analytical expressions 

for the cooperative steady-state populations and the fluorescence emission spectrum of 

the composite system. 

Our results reveal that the population ratios between adjacent transitions diverge 

from the canonical Boltzmann distribution, owing to the non-negligible dipole-dipole 

interaction within the emitter pair. The fluorescence spectrum exhibits a doublet structure, 

wherein the spectral lines become spectrally resolved when the dipole-dipole interaction 

surpasses the effective collective decay rates. 

This spectral and population structure originates from the energy-level shifts 

induced by the dipole-dipole coupling, which lifts the degeneracy of the symmetric and 

antisymmetric collective states relative to the bare single-emitter transition frequency. 

Notably, both the magnitude and the sign of the dipole-dipole interaction play a decisive 

role in determining the system's spectral and dynamical characteristics. 
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In this paper we study the rates of production of W bosons emitted in neutrino 

decays during the early stages of the Universe via perturbative methods. We compute the 

transition amplitude corresponding to the first order of de Sitter electro-weak perturbation 

theory and study its various limiting cases. The transition rates are derived using minimal 

subtraction and dimensional regularization. In the end we obtain the density number of 

bosons (as a function of temperature) and give an estimation of this number for different 

temperatures and fixed values of the particle momenta. 
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The Mott transition (MT) of excitons into an electron-hole plasma (EHP) is 

characterized by a fundamental change in the radiative recombination mechanism – from 

radiative annihilation of excitons to direct interband transitions. The MT is driven by the 

screening of the Coulomb interaction between electrons and holes, with the screening 

parameter determined by the Debye length 𝜆𝐷 at high temperatures and by the Thomas-

Fermi length 𝜆𝑇𝐹 at low temperatures. The screening effect is taken into account by 

replacing the Coulomb potential with the Yukawa potential: 

𝑉𝑌𝑢𝑘𝑎𝑤𝑎 = −
𝑒2 exp(− 𝑟 𝜆𝐷⁄ )

𝑟𝜀0
, ⇒

1

𝜀0
→

1

𝜀0
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−2 , 𝜆𝐷

−2 =
4𝜋𝑛𝑒2

𝜀0𝑘𝐵𝑇𝑒

(1) 

The MT is experimentally observed through temperature- and excitation-power-

dependent photoluminescence (PL) measurements in II–VI semiconductors. The Mott 

criterion (MC), expressed as the carrier density to electronic temperature ratio 𝑛 𝑇𝑒⁄ , 

characterizes the MT and depends on the screening parameter 𝑎𝐵 𝜆𝐷⁄ : 

𝜆𝐷
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(2) 

Thus, the calculation of the MC for a specific semiconductor reduces to 

determining the exciton Bohr radius 𝑎𝐵 and the excitonic Rydberg energy 𝑅𝑒𝑥𝑐. These 

parameters are derived from the dielectric constant 𝜀0 and the effective masses of 

electrons 𝑚𝑒 and holes 𝑚ℎ: 

𝑎𝐵 =
ℏ2𝜀0

𝜇𝑒2
, 𝑅𝑒𝑥𝑐 =

𝜇𝑒4

2ℏ𝜀0
2 , 𝜇 =

𝑚𝑒𝑚ℎ

𝑚𝑒 + 𝑚ℎ

(3) 

The discrete energy spectrum of the quasiparticle bound-state is described by the 

Wannier–Mott equation (WME). This equation was solved using the variational method 

for the ground state and perturbation theory method for both the ground and excited states. 

The screening parameter was obtained by requiring that the exciton binding energy 

approaches zero. 

According to the variational solution of the WME, the MT occurs at a screening 

parameter close to unity, i.e., 𝑎𝐵 𝜆𝐷⁄ ≈ 1. Based on this condition and using exciton 

parameters specific to II–VI semiconductors, the corresponding MCs were evaluated. The 

resulting carrier density to electron temperature ratio 𝑛 𝑇𝑒⁄  ranges from the lowest 

threshold for CdTe (~1015 𝑐𝑚−3𝐾−1) to the highest for ZnO (~1016 𝑐𝑚−3𝐾−1), 

reflecting the material dependence of exciton annihilation. 
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The geometric Brownian motion (GBM) is widely employed for modeling 

stochastic processes, yet its solutions are characterized by the log-normal distribution. 

This comprises predictive capabilities of GBM mainly in terms of forecasting 

applications. During this talk, the entropy corrections to GBM will be discussed to go 

beyond log-normality restrictions and better account for intricacies of real systems. It will 

be shown that GBM solutions can be effectively refined by arguing that entropy is reduced 

when deterministic content of considered data increases. Notable improvements over 

conventional GBM will be presented for several cases of non-log-normal distributions, 

ranging from a dice roll experiment to real world data. 
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In this work, the f(G,T) theory of gravity is recast in terms of the ϕ and ψ fields 

within the scalar-tensor formulation, where G is the Gauss-Bonnet term and T denotes 

the trace of the energy-momentum tensor. The general aspects of the introduced 

reformulation are discussed, and the reconstruction of cosmological scenarios is 

presented, focusing on the so-called hybrid evolution. As a result, the scalar-tensor f(G,T) 

theory is successfully reconstructed for the early and late-time approximations with the 

corresponding potentials. The procedure of recovering the f(G,T) theory in the original 

formulation is performed for the late-time evolution and a specific quadratic potential. 

The scalar-tensor formulation introduced herein not only facilitates the description of 

various cosmic phases but also serves as a viable alternative portrayal of the f(G,T) 

gravity, which can be viewed as an extension of the well-established scalar Einstein-

Gauss-Bonnet gravity. 
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Dileptons are considered to be an important observable, in the context of studying 

the characteristics of the deconfined phase of quark gluon plasma (QGP). Historically, 

the dilepton production rates (DPR) from the QGP have been studied using two different 

approaches. In the quantum field theory (QFT) approach, the DPR is expressed in terms 

of the thermal expectation value of the current-current correlator [1] or the imaginary part 

of the photon self energy [2]. On the other hand, the kinetic theory (KT) framework  

assumes the QGP to be sufficiently weakly coupled, such that the quarks can be 

considered as quasiparticles and the DPR is computed based on a collision kernel for an 

inelastic scattering process (see Fig. 1). We discuss the equivalence of the two approaches 

at the Born level, where the QFT and KT frameworks give identical results. 

 

 
 

Figure 1: Illustration of dilepton production (left) via a quantum annihilation-creation process; and 

(right) via inelastic scatterings in kinetic theory. 
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Due to the good thermal and mechanical properties, Yb3+-doped ceramic laser 

materials have attracted a lot of attention in the recent decades [1,2]. For commercial 

high-power continuous and mode-locking laser systems operating in the 1 μm range, 

Yb3+-based laser materials have the potential to substitute the ones based on Nd3+ [3, 4]. 

Our study is focused on determining the ideal growth conditions for growing double 

doped sesquioxides (Y2O3, Gd2O3, Lu2O3) crystals. Our main concern during this study 

was to have a reduced longitudinal gradient within the crucible as this is the main factor 

that influences the growth of such materials. For this purpose, we have tested multiple 

configurations of the instalation geometry in order to reduce the longitudinal gradient. 

For numerical modeling the simulation software Elmer version 9.0 [5, 6] based on the 

finite element method (FEM) is used. This software is mainly developed at the IT Center 

for Science (CSC) in Finland, and is openly available under a GPL / LGPL license. 
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Radiation resistant inorganic materials emitting cross-luminescence (CL), first 

discovered in 1982 [1], are one of the most prospective candidates for new generation 

ultrafast detectors for medical tomography. The advantages of CL materials include their 

(i) ultrafast decay times which is typically in the range down to 500 ps – it is significantly 

faster than traditional doped inorganic scintillators; (ii) relatively high photon yields – up 

to 2,000 ph/MeV; (iii) high temperature stability – CL intensity is temperature 

independent; (iv) relatively high densities, which is highly desirable for the detection 

efficiency of ionizing radiation [2]. 

In current work we demonstrate results of ab 

initio calculations of undoped and doped BaF2 by 

means of hybrid density functional theory[3]. As a 

result of the work, the density of states (DOS) for 

nominally pure BaF2 and a whole series of BaF2 

doped with various trivalent ions were obtained. The 

positions of the core energy levels of dopant ions 

lying between the Ba(5p) zone and the F(2s) zone, 

as well local geometries and formation energies 

were calculated. Our calculations show that the 5p 

states of impurity ions can be located below the 5p 

zone of barium by several eV. This opens up 

opportunities for transitions from the core 5p Ba 

zone to impurity 5p states, which might be involved 

in experimentally observed appearance of an 

ultrafast component in doped BaF2 [4].  
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Figure 1: Schematic diagram of defect 

states and interstitial fluorine ion in band 

gap and core-valence gap. Red lines show 

position of energy level of F𝑖, blue solid 

and dotted line correspond to M3+ filled 

and empty levels, respectively 
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Up-conversion (UC) phosphor has gained significant attention and has been widely 

studied because of its wide variety of applications. Among the various applications of the 

UC phosphors, hybridization of UC phosphors with solar cells is one of the big challenges 

to enhance photoconversion efficiency of the solar cells. However, luminescence 

efficiency of the UC phosphors is not yet so high to be applied for such application. One 

of the UC phosphors is realized by the doping of the rare-earth ions in the wide band gap 

materials such as oxides and fluorides. Among them, we have successfully enhanced the 

UC luminescence intensity by the addition of K2CO3 in Er-doped CaMoO4 [1] and the 

co-doping of other rare-earth elements in Er-doped CaSnO3 [2]. In this work, we 

demonstrate our recent development for the enhancement of UC luminescence intensity 

by the alkaline metal addition and co-doping of the rare-earth elements. 
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Erbium-doped crystals exhibit remarkable emission properties in the infrared 

region, making them highly valuable for applications such as near-infrared lasers and 

mid-infrared night vision technologies [1]. In this study, we investigate three variations 

of barium fluoride (BaF₂) crystals doped with different concentrations of erbium 

fluoride (ErF₃) and ytterbium fluoride (YbF₃). The photoluminescence spectra of these 

samples are analyzed to determine the most suitable composition for efficient infrared 

emission. Furthermore, the selected crystal's spectral characteristics are examined 

across a temperature range from low temperatures to room temperature to assess its 

performance stability. The findings of this research contribute to the optimization of 

erbium-doped materials for advanced infrared applications. 
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Figure 1: Photoluminescence spectra of the three BaF2 crystals doped with different concentrations of 

Erbium and Ytterbium a) and the photoluminescence spectra of one crystal at different temperatures 
b). 
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We explore the generation and dynamics of non-stabilizerness—also known 

as magic—in both closed and open quantum systems using the stabilizer 2-Rényi entropy 

M2. Our study begins with multi-particle quantum walks in the XXZ Heisenberg spin 

chain, revealing how magic spreads within a light-cone structure dictated by the system’s 

dynamics. Distinct behaviors emerge across interaction regimes: in the easy-plane phase, 

magic generation is dominated by single-particle dynamics, while in the easy-axis regime 

doublon propagation leads to a markedly slower growth of M2, which increases 

logarithmically in time. We further show that the Pauli spectrum displays Poissonian level 

statistics, independent of interaction strength or particle number, highlighting the subtle 

interplay between integrability and non-stabilizerness. Extending our investigation to 

open systems, we examine the boundary-driven XXZ chain under bulk dephasing. To 

access large system sizes, we develop a novel algorithm to compute M2 efficiently within 

the matrix product state framework at constant bond dimension. Our results reveal 

universal scaling behavior 𝑀2(𝑡)~𝑡1/𝑧 governed by the transport exponent z, with 

signatures of Kardar-Parisi-Zhang (KPZ) dynamics at the isotropic point. We identify two 

key timescales—dephasing and coherence—that dictate the transient enhancement and 

eventual suppression of magic. A mean-field decomposition further isolates the 

contribution of genuine quantum correlations, underscoring the utility of M2 as a 

diagnostic for transport and decoherence. Our findings position magic as a versatile probe 

of quantum dynamics in both isolated and open many-body systems. 
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We study the one-dimensional non-Hermitian Hubbard model with complex 

interactions, mapped onto a spin ladder with coupled XY chains via Ising ZZ interactions. 

The spin ladder model is then examined within the semiclassical limit using a spin-

coherent state basis, in which the dynamics is governed by a set of coupled Landau-

Lifshitz-Gilbert equations. We find that non-Hermitian interactions generate a spin torque 

term that drives the system to several potential steady states. In the infinite-temperature 

limit, we show that the favored steady state is that of decoupled ladder rungs in which 

pairs of spins are locked in a ferro- or antiferromagnetic configuration. Nevertheless, the 

interactions within each of rails of the spin ladder lead to the formation of ferromagnetic 

domains in each chain in the steady state. Additionally, we investigate the time-dependent 

spin correlation functions and identify signatures of anomalous spin dynamics. 
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We show how is possible evaluate (predict) nonlinear optical properties of 

materials based on spectroscopic data analysis. We focus on the connection of emission 

properties and electronic structure parameters with the possibility of generating the 

second harmonic of light. As examples, we will analyze oxide phosphors (RE-activated) 

on the one hand and chalcogenide crystals on the other. In these first ones, the influence 

of orbital hybridization on the intensity of the hypersensitive transition in isostructural 

vanadate, arsenide  and phosphate systems is discussed. We show  the same mechanism 

is also responsible for the efficiency of second harmonic generation (SHG). Is well-

known that   SHG  is a nonlinear process in which a crystal converts lower frequency 

radiation to higher frequency. The bonding covalence within the acentric anionic groups, 

that are the basic structural moiety of the crystal framework (such as PO4, AsO4,  VO4, 

SiO4, GeO4, etc.), is chiefly responsible for the SHG activity. The importance of orbital 

hybridization on the SHG efficiency is exemplified by the striking difference in optical 

nonlinearity between isostructural titled compounds. While the vanadate is efficient, the 

phosphate shows no SHG activity, although the calculated SHG coefficients (pm/V) for 

both compounds are non-zero. The difference in the SHG efficiency has been clarified by 

examining the electronic band structure of these compounds.  Our analysis supports the 

polarizability of (XO4)3- (X = P, As, V) over local site distortion effects as the intensity 

enhancing mechanism of the 5D0→
7F2 transition. The connection between the mechanism 

of hypersensitivity and second harmonic generation (SHG) is discussed. Then we will 

show how the complexity of the crystallographic structure of chalcogenide crystals and 

the size of the energy gap affect the SHG intensity. In this case the SHG intensity 

increases with a decrease in the bandgap width Ag2In2SiSe6 (1,68 eV), Ag2In2GeSe6 (1,55 

eV), Ag2In2SiS6 (2,0 eV), Ag2In2GeS6 (1, 96 eV), which effect is characteristic of multi-

component chalcogenide crystals. 
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Two simple criteria were proposed for the occurrence of ferromagnetism: the first 

one is the Stoner criterion 𝑔(𝜀F)𝑈 > 1, where 𝑔(𝜀) is the (paramagnetic) density of states 

(DOS), 𝜀F is the Fermi level and 𝑈 the Hubbard on-site electronic repulsion term [1]. This 

criterion was established by comparing the increase of kinetic energy associated with 

electron transfer from minority towards majority spin partial DOS with the decrease 

(stabilization) induced by the on-site repulsion between electrons with opposite spin. In 

another work, the total (i. e. kinetic + potential) energy was taken into account and not 

only the kinetic energy, and another criterion emerged relying only on the shape of the 

paramagnetic DOS, 𝑔′(𝜀F) ∫ 𝑔(𝜀)𝑑𝜀
𝜀F

0
< 𝑔2(𝜀F), with no need to introduce the Hubbard 

term [2]. Both criteria allow triggering of the ferromagnetism by varying the atomic 

charge near surface (hence by varying the DOS position with respect to 𝜀F, by modulating 

either the amplitude 𝑔(𝜀F) or the sign of its derivative 𝑔′(𝜀F). 

Several examples will be discussed, yielding surface magnetism of materials which 

are not ferromagnetic in the bulk. The cleanness and well ordering of these surfaces were 

carefully characterized by low energy electron diffraction (LEED), atomic resolution 

scanning tunneling microscopy (STM) and X-ray photoelectron spectroscopy (XPS). The 

spin asymmetry was detected by using spin-resolved valence band photoemission 

spectroscopy (SRPES). 

The first example is the Pt(001)–hex. surface where, according to Friedel 

oscillations or to density functional consideration, the surface is enriched in electrons, 

hence the surface DOS is shifted towards lower energies with respect to the Fermi level 

and this induces 𝑔′(𝜀F) < 0 for surface atoms [3]. Another example is the partially 

reduced SrTiO3(001) surface, where a spin asymmetry of O 2p orbitals was detected [4]. 

In the case of the SrTiO3(011) surface, the fact that this crystal orientation supposes the 

alternance of charged planes such as SrTiO4+ and O2
4–, the O2 –terminated surface can be 

stabilized by supposing a reduction of the charge of the last layer, e. g. O2
2–. In this case, 

surface oxygens will feature a 2p5 electronic configuration, with a net spin of 1/2 each, 

which induce a robust surface spin asymmetry [5]. 

The last case which will be analyzed is that of ferroelectric BaTiO3(001), where the 

ferroelectricity is accompanied by charge accumulated at surface [6]. BaO terminated 

surfaces are positively charged, and the associated electron depletion is distributed on 

both lowest binding energy occupied O 2p and on the deeper Ba 5p orbitals, yielding a 

“ferroelectric-induced permanent inversion of population” with a consistent associated 

spin asymmetry [7]. 

 

Keywords: surface magnetism, surface charge accumulation, criteria for ferromagnetism, 
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The demand for innovative materials with multiple properties, that are 

economically feasible, has opened the way for materials such as polycrystalline 

transparent ceramics. These ceramics have the advantage of materials with high 

mechanical resistance, good thermal and chemical stability, optical transparency, 

biocompatibility, adaptable properties, transmission range from UV to IR, the possibility   

of doping with rare earths. In addition, they have found their utility in aerospace and 

military applications, the manufacturing of high-temperature IR windows or armored 

windows, electro-optical devices, lasers, scintillators, catalysts, fluorescent markers etc 
[1,2]. In this paper, we studied the influence of process parameters on the hydrothermal 

synthesis of yttrium oxide ceramics. Practically, we used yttrium nitrate and urea in the 

presence of polyethylene glycol, and the colloidal precipitate was transferred to a 40 ml 

autoclave and maintained at 150°C for 12 hours. The resulting precursor was subjected 

to a thermal treatment at 600°C for 3 hours. The effects of the process parameters on the 

structure, morphology and optical properties were investigated in detail. The transition 

from the precursor to the crystalline phase of yttrium oxide was observed by Fourier 

Transform Infrared (FTIR) spectrometry and x-ray diffraction (XRD). FTIR spectroscopy 

confirmed the formation of M-O bonds, while XRD data demonstrated the progression of 

the crystalline phase. The particles' spherical form and rounded edges were seen at SEM. 

The optical investigations validated the utility and suitability of the proposed method for 

the production of yttrium oxide-based ceramics. 
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Oxide materials, particularly Y2O3, have proven useful in advanced biomedical 

applications, with high impact in the fields of biosensors, biological imaging, 

photodynamic therapies, fluorescent biomarkers, bioactive ceramics, implants etc. Y2O3 

NPs contribute to the development of efficient solutions in the targeted field due to their 

thermal stability, chemical durability, antioxidant and antibacterial activity, optical 

transparency, magnetic properties, and biocompatibility. To obtain Y2O3 with established 

characteristics, the synthesis method is essential, having an impact on their 

physicochemical properties and performance. 

In the present paper, the research was focused on the synthesis of Y2O3 NPs by a 

chemical method using yttrium nitrate hexahydrate, urea and ammonium hydroxide, 

deposition of the oxide precursors as thin films on silicon substrate, and drying in a 

desiccator at room temperature before thermal treatment. Then, the prepared samples 

were subjected to rapid thermal annealing at a heating rate of 10°C/sec. reaching 600 and 

900 °C for 600 sec. in nitrogen atmosphere. The morphological, structural, and wettability 

characteristics of Y2O3 films have been obtained using advanced analytical techniques. 

Morphological characterization (SEM) reveals nanometric particle sizes with a rough 

surface, and a slight tendency to agglomeration. The compositional analysis (EDX) 

revealed Y2O3 nanoparticles without impurities, supported by specific Y and O elements. 

The study of the vibrational characteristics of the synthesized samples was conducted 

using two complementary spectrometric techniques (FTIR and RAMAN), which revealed 

the characteristic vibration bands of the Y-O bond. The structural analysis (XRD) shows 

a cubic crystalline structure, revealing the high purity of the Y2O3 samples. The surface 

wetting capacity of Y2O3 films, as investigated by contact angle measurement, indicates 

a hydrophilic character and good percolation, with a direct impact on the performance of 

the material in various technological sectors. 
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We analyze the optical properties of rare-earth doped glasses, focusing on materials 

with varying phonon energy levels, absorption edge positions, and presence of transition 

metals. This study investigates the absorption spectra and photoluminescence 

characteristics of pure silica and tellurite glasses doped with rare-earth ions, as well as 

tellurite glasses containing chromium. By examining selected glass matrices, we 

demonstrate that, under certain conditions, the embedded rare-earth ions can be efficiently 

excited not only through direct photon absorption at the corresponding energy matching 

the rare-earth ion transition but also via energy transfer from the excited glass matrix near 

the ion. This mechanism enables the excitation of rare-earth doped ions over a wide range 

of wavelengths and allows the observation of their radiative transitions, which remain 

inactive in other glasses (in our case the pure silica glass) under otherwise identical 

experimental conditions. 
 

Keywords: tellurite glass, quartz glass, rare earths, photoluminescence, energy transfer, 

excitation. 
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The ability to manipulate the charge conversion of rare-earth ions in fluoride 

crystals is of increasing interest for the development of photonic devices, scintillators, 

and solid-state dosimetry systems. In this context, the radiation-induced conversion 

between Tm3+ and Tm2+ ions has attracted attention due to the distinctive optical 

properties of the divalent state. Although the emergence of Tm2+ absorption features in 

CaF2 crystals and similar hosts by irradiation has been previously reported, the effect of 

dopant concentration on the spectroscopic behavior and temporal evolution of these 

centers is not yet fully understood. 

In this work, we explore the behavior of Tm2+ centers generated in CaF2:TmF3 

single crystals exposed to X-ray radiation, using three different doping levels: 0.1, 1, and 

5 mol%. UV-VIS absorption spectroscopy was employed to monitor spectral changes 

before and after irradiation. Multiple absorption bands associated with Tm2+ ions and 

radiation-induced color centers were identified in the 190–210 nm, 290–330 nm, and 

390–420 nm ranges. At 0.1 mol%, Tm2+ absorption increased moderately during 

irradiation and remained stable over time. The 1 mol% crystal showed a more pronounced 

response, followed by a gradual decay, while the 5 mol% sample reached saturation and 

maintained its Tm2+ features for at least 20 days post-irradiation. Exponential kinetic 

modeling provided reliable fits for both the formation and relaxation stages, confirming 

the reproducibility of the observed behavior and emphasizing the role of dopant 

concentration in charge-state control under X-ray exposure. 
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Understanding the correlations between the structure of host materials and optical 

spectroscopic data can be significantly enhanced through the use of predictive models for 

crystal structure parameters based on machine learning (ML) approaches [1]. Local 

symmetry and interatomic distances play a critical role in the splitting of energy levels of 

lanthanide dopants [2]. These distances are often challenging to determine and may 

require sensitive techniques such as electron paramagnetic resonance (EPR) [3].  

In this work, a machine learning model employing the Random Forest algorithm 

was developed and utilized to predict local symmetry-related interatomic distances in a 

series of A₂O₃ oxides. The model was trained on a dataset comprising 22 structural 

descriptors. The predictive performance of the model yielded a mean absolute error 

(MAE) of 0.01 Å, indicating high precision in estimating interatomic distances. The low 

MAE and the consistent accuracy of the predictions underscore the model’s robustness 

and reliability.  
 

Keywords: machine learning, random forest model, optical materials. 

 

Acknowledgments: This study was supported by Romania’s National Recovery and 

Resilience Plan – NRRP (PNRR), Project C9-I8-C28, and Contract 760107/2023. 
 

References: 

[1] N. Srivastava, G. Hinton, A. Krizhevsky, I. Sutskever, R. Salakhutdinov, J. Mach. 

Learn. Res, 15, 1929-1958 (2014). 

[2] P. Dorenbos, Journal of Luminescence, 135, 93-104 (2013). 

[3] M. Buryi, V. V. Laguta, E. Mihóková, P. Novák, M. Nikl, Phys. Rev. B, 92, 

224105(2015). 

 

 
 

 



52 

 

CMP-P06 

MACHINE LEARNING-BASED PREDICTION OF 5D-LEVEL 

ABSORPTION OF Pr³⁺ IN ABO₃ OXIDES 
  

G. Dima1, A. V. Racu1, R. Bucur1, M. Iorga1, Z. Antić1,2, M. Buryi3, 

 M.D. Dramićanin1,2, M. G. Brik1,2,4,5,6 

 
1National Institute of Research & Development for Electrochemistry and Condensed Matter, Timisoara, Romania. 2 

Centre of Excellence for Photoconversion, Vinča Institute of Nuclear Sciences, University of Belgrade, Serbia. 
3 Institute of Plasma Physics of the Czech Academy of Sciences, Czech Republic. 

4 Faculty of Science and Technology, Jan Długosz University, Częstochowa, Poland. 
5Institute of Physics, University of Tartu, Estonia. 

 6Academy of Romanian Scientists, Bucharest, Romania 

 

 

 

Accurate prediction of 5d-level positions in ABO3 compounds is essential for the 

design of UV-C emitting phosphors based on lanthanide-doped materials [1]. These 

energy levels, particularly from the 4fⁿ5d¹ configuration, are highly sensitive to the local 

crystal field environment, necessitating a deep understanding of host–dopant interactions 

[2]. In this study, we present a machine learning model based on the Random Forest 

algorithm to predict the lowest 5d-level energies of Pr³⁺ and Ce³⁺ ions across various 

ABO3 host materials. The model was trained on a dataset comprising 22 descriptors, 

including structural features, band gaps, ionic radii, and coordination environments. 

The model demonstrates high predictive accuracy, with mean absolute errors 

below 6 nm, and shows strong consistency with experimental data, underscoring its 

potential for guiding materials discovery in lanthanide-doped oxides. 
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Atmospheric pressure plasma (APP) sources have emerged as a transformative 

technology in the life sciences, offering innovative applications due to the unique 

physicochemical environment that is generated and applied to biologicals targets. These 

non-thermal plasma sources operates at ambient conditions, enabling its use in various 

biological and medical contexts without causing thermal damage to tissues or materials. 

In the medical field, APP has shown significant promise in oncology and 

dermatology. Studies have demonstrated that low-temperature plasmas can induce 

apoptosis in cancer cells, providing a potential therapeutic avenue for cancer treatment 

[1,2]. Cold atmospheric plasma has been effectively used to treat chronic wounds, 

demonstrating enhanced healing rates and reduced infection risks [3]. 

The agricultural sector has explored APP for its potential to enhance crop 

production and safety. Non-thermal plasma treatments have been investigated as 

environmentally friendly technologies to improve seed germination rates, promote plant 

growth, and protect against pathogens. By modulating the surface properties of seeds and 

inactivating surface-borne pathogens, APP contributes to healthier crop yields [4,5]. 

In the bioengineering field, APP plays a crucial role in material science, particularly 

in surface modification. This method ensures uniform coatings at ambient conditions, 

making it both cost-effective and versatile [6,7]. 

Atmospheric pressure plasma stands at the intersection of physics, chemistry, and 

biology, offering a versatile platform for advancements across the life sciences. Its ability 

to operate under ambient conditions without thermal damage, coupled with its efficacy in 

microbial inactivation, tissue regeneration, and material modification, underscores its 

potential to revolutionize practices in medicine, agriculture, and food safety. Ongoing 

research continues to unravel the full spectrum of APP's capabilities, paving the way for 

innovative solutions to longstanding challenges in the life sciences. 
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Crystal growth, by Czochralski method [1] (Fig. 1) for instance, for industrial 

photonics applications, is one of the crucial technologies for a modern society. Their 

manufacturing technology involves rare materials, high amount of energy, and a lot of 

dedicated process knowledge. The crystal, as a product itself, is a core component of 

many photonics systems such as the broad field of lasers for various applications. 

Nevertheless, the value chain for crystal growing is rarely based on Zero-Defect 

Manufacturing approaches that could enable a sustainable implementation of this crucial 

process. 

SMART Growth project aims at developing single crystals for lasers and photonics 

applications under the supervision of Artificial Intelligence. Detecting, predicting and 

preventing failures in a typical crystal growth process are the key points for improving 

the yield of crystal production, reducing the amount of energy required and improving 

the quality of the as-grown crystal. 

We present a study that integrates machine learning with numerical modeling. The 

objective is to unravel the nonlinear relationship between crystal growth process 

parameters and furnace geometry on one side, and solid/liquid interface shape and v/G 

(growth rate over temperature gradients) on the other side. We exemplify this approach 

by focusing on defect-free YAG and Ge crystals [2].  

The authors acknowledge the European Innovation and SME Council Executive 

Agency (EISMEA) for funding "Smart Growth" project (n°: 101115130) under the 

Interregional Innovation Investment (I3) Instrument. 

 
Figure 1: Example of Czochralski furnace for the growth of oxides 
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In radiotherapy patient simulation using CT is a key element for the delivery of a 

complex and accurate radiotherapeutic treatment. Since these data are used in the 

calculation of the dose distribution inside the patient, it is necessary to  realize a 

correlation between the physical properties of the tissues present inside the body and the 

specific attenuation coefficient of each voxel [1]. 

Given the availability of variation of the parameters of a CT acquisition for the 

simulation of radiotherapy patients, except for the accelerating voltage of electrons, these 

acquisitions can be optimized according to the area of interest. These optimizations can 

be done both during the scan and afterwards, in the form of reconstructions, with the 

possibility of applying different data processing filters [2].  

The aim of this work is to evaluate the advantages of the additional use of 

reconstructions in radiotherapy, both from the point of view of performing contouring of 

target volumes and organs at risk, and from the point of view of the correctness and 

accuracy of dose calculation in these images. 
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This study presents necessary conditions for existence and sufficient conditions 

for  stability or instability of a static meniscus (liquid bridge) appearing in the ribbon 

single crystal growth from the melt, of predetermined sizes, by using the edge-defined-

film- fed (EFG) growth method. The cases when the contact angle 𝛼𝑐 and the growth 

angle 𝛼𝑔 verify the inequality   0 < 𝛼𝑐 <
𝜋

2
 − 𝛼𝑔 or  

𝜋

2
> 𝛼𝑐 >

𝜋

2
 − 𝛼𝑔  are treated 

separately. Experimentally, only  static meniscus (liquid bridges) which verifies the 

necessary condition of existence and the sufficient conditions of stability can be created; 

static meniscus (liquid bridges) which does not verify both of these conditions, exist only 

in theory because in reality they collapses. The results of this study is significant for thin 

ribbon single crystal growth from melt, with prior given macroscopic dimensions, using 

prior given specific equipment. That is because the obtained inequalities represent limits 

for what can and cannot be achieved experimentally.  
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Brain tumor control plays an important role in the patient’s neurological integrity 

and quality of life. The principle underlying radiosurgery treatments is the delivery of 

large doses, up to 24 Gy/fraction [1], to the tumor, sparing the healthy normal tissues. In 

order to obtain the best results a very precise delivery is necessary, which depends on 

several factors, such as immobilization devices, daily imaging, surface guidance, and a 

rigorous quality assurance program to maintain a sub-millimeter accuracy. The closer the 

prescription dose is matched to the treated target and the steeper the dose gradient around 

the target, the less normal tissue is irradiated. For most rigorous evaluation of stereotactic 

treatment plans, parameters such as gradient index, conformity index or the gradient in 

millimeters must be evaluated [2]. All these parameters depend on volume position, 

dimension, their position in relation to other critical structures or beam energy.  

This work aims to compare the indices used in the evaluation of stereotactic 

treatments by making several treatment plans to see the variability from planner to planner 

and how far can go in conforming doses for such treatments, thus in order to standardize 

the quality of plans. The selected patients have single brain metastases, with volumes 

ranging from 0,3 cm3 to 100 cm3, some of them being close to critical structures. This 

analysis is based on comparing the values obtained in clinical practice with an 

experimental model which is based on a phantom, treated with a hypothetical treatment, 

which cannot be achieved in practice. 

Moreover, the quality indexes obtained from multiple lesion plans were analyzed 

and compared with the experimental model. 
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The obtaining and electrical properties of elastomer-ferrofluid composites are 

reported. The samples were prepared by combining silicone rubber (RTV-530) with a 

kerosene-based ferrofluid containing magnetite particles at three varying volume 

fractions of ferrofluid, φ: 1.48 %, 2.91 %, and 4.32 %. For each volume fraction, φ, two 

samples were prepared, one polymerized under the influence of a magnetic field, H = 

43 kA/mH, and another polymerized without a magnetic field. 

The frequency dependence of electrical conductivity of samples, σ(f), was 

determined from measurements of the complex dielectric permittivity [1], adhering to 

Jonscher's universal law [2]. From σ(f) of the composite samples, the static conductivity, 

σDC, was extracted. As φ increased from 1.48% to 4.32%, σDC rose from 4.26×10−9 S/m 

to 1.03×10−8 S/m for the samples polymerized without a magnetic field, and from 

4.93×10−9 S/m to 1.86×10−8 S/m for the samples polymerized with a magnetic field. 

Additionally, the results allowed for the estimation of the barrier energy for the electrical 

conduction process, Wm. For the same φ, Wm was found to be lower, and σDC higher, in 

samples polymerized under the influence of a magnetic field compared to those 

polymerized without the magnetic field. 

This study offers valuable insights for fabricating composite materials with tailored 

properties. Specifically, it highlights the feasibility of developing devices for flexible 

electronics, where properties can be precisely controlled by adjusting particle volume 

fraction or applying an external magnetic field. 
 

Keywords: ferrofluid, elastomer, dielectric permittivity, electrical conductivity. 
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The Banat-Danubian region, located in western part of Romania, is a seismicity-

prone area at shallow depths in the crust [1]. Recent network improvements boosted event 

detection in the low magnitude range which led to a sharp contamination in the Romanian 

(ROMPLUS) catalogue with anthropic events.  

Differentiating between tectonic and anthropic events has become essential in 

characterizing regional seismicity [2]. In this study we focus our analysis on Hauzesti and 

Paulis quarries, as we relocated events within a 30 km radius around the exploitation sites 

using a refined 1D velocity model [3]. We propose a detailed analysis on the recalculated 

hypocenters, waveform analysis and applying discrimination criteria in order to identify 

tectonic activities from anthropic events.  

We will present the implication of the improved microseismic source 

determination on the seismic hazard assessment in the study region. 
 

Keywords: Banat-Danubian seismicity, microseismicity, discrimination of anthropic 

events. 
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Among various strategies used to improve electrochromic coatings based on nickel 

oxide (NiO), doping stands out as a key method for enhancing electrochromic 

performance. NiO is typically doped with trivalent elements to achieve the desired 

electrical properties [1] and shows promising potential for applications in optoelectronics 

[2]. This work aims to prepare NiO films doped with trivalent elements Ga, In, La, 

revealing a highly crystalline structure.  

The Metalorganic Aerosol Deposition [3] technology's strengths lie in the precise 

control of impurity concentration and the flexibility to alter the doping element, making 

it a valuable tool for optimizing electrochromic functionality and optoelectronic 

properties. The deposition solution was prepared by dissolving 0.1 mol nickel 

acetylacetonate [Ni(acac)₂] along with 0.5-6 mmol of one of the dopant precursors – 

[Ga(acac)3], [In(acac)3] or [La(acac)3]. To improve the accuracy of the impurity content, 

a dilution technique was used. Doped nickel oxide films were successfully synthesized 

by tuning the substrate temperature (ranging from 400 to 550 °C). Atomic Force 

Microscopy and scanning electron microscopy analysis revealed that the surfaces are 

composed of densely packed grains of homogeneous nanocrystals, their average sizes 

being influenced by growth temperature and doping conditions. Grazing Incidence X-ray 

Diffraction along with Rietveld refinement and Williamson–Hall plot analysis, revealed 

competition between the cubic NiO phase and, presumably, the hexagonal Ni2O3 phase, 

depending on the substrate temperature, the dopant impurity, and its concentration. The 

impurity content in doped nickel oxide films was quantitatively analysed using spectra 

acquired through the energy dispersion x-ray spectroscopy and x-ray photoelectron 

spectroscopy, involving the processing by the National Institute of Standards and 

Technology’s Desktop Spectrum Analyzer software for enhanced precision. The optical 

characterization techniques imply the use of ellipsometry at room temperature. 

The synthesis of high-quality nickel oxide films doped across a broad concentration 

range and with various trivalent doping impurities has been achieved. 
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Through this work we introduce a multi-generator load simulation framework 

that unifies Markov chain load transitions, fractal noise, generator dispatch, and 

protection logic into a single update operator Φ. Specifically, at each time step t, the 

system’s state S(t) (including consumer loads, total demand, generator outputs, fuse 

statuses, and harmonic indicators) is mapped to S(t+1) via: 

S(t+1) = Φ(S(t); P_Markov, Noise_fractal, {C_i}, I_fuse, THD_max). (1) 

 
The block diagram below illustrates how these elements interact in the code:  

 
Through iterative execution of this pipeline, the simulation captures stochastic 

demand (Markov + fractal), adaptive generator control, and network protection in a 

unified manner. Results highlight how correlated consumer fluctuations interact with 

capacity-limited dispatch, fuse overloads, and harmonic distortions, thereby informing 

more robust designs for urban distribution networks. 

 

Keywords: Markov chain, fractal noise, multi-generator dispatch, fuse protection, 

harmonic resonance 
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Precise temperature determination is essential in many domains including medicine, 

military applications, and various technological and industrial processes. This is 

especially important in applications where the use of conventional contact sensors is 

limited due to, for example, exposure to strong electromagnetic fields, spatial limitations, 

extreme pressure conditions etc. 

In this study, we explore the potential applications of erbium-doped tellurite glasses 

for temperature sensing. We demonstrate that the thermally uncoupled levels and Stark 

sublevels of Er3+ ions can be used in addition to the thermally coupled levels. We also 

demonstrate that these uncoupled levels offer the possibility to measure the temperature 

down to cryogenic temperatures (4 K and possibly below). Naturally, the optical 

properties of the investigated glasses depend on the glass composition and the 

concentration of embedded erbium ions, which opens the possibility to optimize the glass 

for its use in temperature sensing. 
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Water contamination is a pressing issue that can have far-reaching consequences 

for the environment, consumption patterns, agriculture, and industrial activities alike. A 

growing body of research has demonstrated that the presence of pharmacological 

contaminants in aquatic ecosystems is detrimental to ecosystem integrity, leading to a 

decline in biodiversity, particularly among microinvertebrates, and exerting toxicological 

effects on aquatic biota. However, conventional wastewater treatment techniques have 

proven ineffective in eliminating pharmaceutical compounds from water systems due to 

their low biodegradability and high hydrophilicity. In this context, adsorption technology 

has garnered significant interest due to its simplicity, cost-effectiveness, environmental 

sustainability, and high treatment efficiency [1-3]. Among the array of available 

adsorbents, clays have been identified as a particularly versatile option for water 

remediation applications, due to their non-toxic nature and cost-effectiveness [1,4]. 

Starting from these considerations, in the present study, a 2x3 factorial ANOVA was 

conducted to compare the adsorption density of sepiolite and Mg3Al-LDH in solutions 

containing either 2-acetyloxybenzoic acid (aspirin) or 4-hydroxyacetanilide 

(paracetamol), at three distinct contact time intervals (5–10 minutes, 15–20 minutes, and 

25–30 minutes). When a significant difference was identified, the Tukey procedure was 

employed to conduct multiple comparisons, with a significance level of α = 0.05 [5]. In 

the case of sepiolite, the ANOVA results indicated a significant main effect for type of 

pharmaceutical compound, F(1, 18) = 12659.3, p < 0.001, a significant main effect for 

contact time, F(1, 18) = 18.8, p < 0.001, and a significant interaction between the type of 

pharmaceutical compound and contact time, F(2, 18) = 31.6, p < 0.001. This interaction 

was further investigated by conducting post-hoc tests. The results revealed no significant 

differences in contact time when 4-hydroxyacetanilide was used; however, a statistically 

significant difference was identified for 2-acetyloxybenzoic acid. The results of ANOVA 

for Mg₃Al-LDH demonstrated a significant main effect for both pharmaceutical 

compounds, with a value of F(1, 18) = 683.3, p < 0.001, as well as for contact time, with 

a value of F(1, 18) = 44.1, p < 0.001; the interaction between them was also significant 

F(2, 18) = 87.5, p < 0.001. According to the results of the post-hoc tests (employing the 

Tukey correction), no statistically significant differences were observed in contact time 

for 4-hydroxyacetanilide; however, for 2-acetyloxybenzoic acid, significant variations 

were detected. 
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Figure 1: Superposition of the hydrogen-like orbitals 2px, 2py, 2pz 

 

 

Keywords: atomic quantum physics; differential geometry; guiding curve; atomic 
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Starting from the quantum model for the hydrogen-like atom and taking into account some concepts of 

differential geometry, we calculate the curvature of some types of atomic orbitals. Using this concept of intrinsic 

curvature [1], a geometric classification of atomic orbitals is given. We discuss the implications of 

characterizing atomic quantum states [2] by the geometric curvatures of the guiding curves for these orbitals. 
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Plasma crystals are ordered structures of charged microparticles in complex 

plasmas that undergo phase transitions under external influences. While temperature and 

pressure effects are well-understood [1], the role of electron beam energy is less clear [2]. 

This study investigates a 2D plasma crystal of 11.8 μm melamine-formaldehyde particles 

in an argon RF plasma, melted by electron beams (10–14 keV). High-speed imaging 

enabled analysis through Voronoi diagrams, pair correlation functions, and particle 

tracking velocimetry. Results show that electron beam energy governs melting: at 9–10 

keV, a second-order phase transition occurs, while at 11–14 keV, a first-order transition 

is observed, with melting times reducing from 8.33 to 0.208 seconds. Kinetic energy 

analysis confirms these transitions, highlighting the electron beam's role in plasma crystal 

dynamics with potential applications in astrophysics [3]. 

 

 
Figure 2: Particle trajectories tracked during the melting of a crystal in plasma, induced by an electron beam with 

energies of 10 keV and 14 keV. 

Keywords: electron beam, plasma crystal, dusty plasma 
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The efficiency of photovoltaic (PV) modules is evaluated under standard test 

conditions (STC). These conditions assume 1000 W/m2 incident solar irradiance with a 

given spectral distribution AM1.5G, or AM1.5D in the case of direct normal irradiance 

[1]. Studying the influence of solar spectrum on PV module performance requires solar 

spectral irradiance measurements on a routine basis [2]. Most studies are concerned with 

simulated clear-sky spectral irradiance, due to the scarcity of spectral measurements. In 

the present study we investigate direct normal spectral irradiance, as measured in 

Timisoara, Romania, under various sky conditions. 

At the Institute for Advanced Environmental Research, a newly installed EKO MS-

711N spectroradiometer is available. The spectroradiometer has been in continuous 

operation since April 2024. The instrument operates in the 300-1100 nm range, taking 

measurements of direct normal irradiance (DNI) at 10-minute interval. In this study we 

analyze the spectral signature of the measured DNI spectra during the month of August 

2024. The characteristics of direct solar irradiance are captured by the average photon 

energy (APE) index, which is usually calculated in the 350-1050 nm range [3]. 

Preliminary results show a difference between the measured APE values and the AM1.5D 

spectrum APE value. 
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A quasi-two-dimensional dusty plasma, electrostatically confined in the sheath of a 

radio frequency plasma, is exposed to a 13 keV pulsed electron beam (e-beam) with a 

peak current of 30 mA per pulse. The e-beam's drag force induces a fast-moving stream 

of charged dust particles within the dust crystal, splitting into two symmetrical branches 

at the circular crystal boundary. These branches form a double vortex flow, with particles 

moving along the irradiation path, diverging laterally, and returning to the e-beam entry 

point. The flow remains laminar, with central region speeds peaking at 12 mm/s within 

200 ms, then stabilizing at 5–6 mm/s over a 360 ms relaxation period. Vorticity peaks at 

±3.8 s⁻¹, settling to ±2.5 s⁻¹ in the steady state. Time-resolved particle-image-velocimetry 

and particle-tracking-velocimetry characterize the flow, while molecular dynamics 

simulations qualitatively reproduce the observed dust stream and vortex patterns. 

 

          
Figure 1: Trajectories of all dust particles obtained with PTV and time resolved vorticity maps in 2D. 

 
 

Keywords: electron beams, dusty plasma, symmetrical vortices. 
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In this paper, we present a few significant results from the implementation of 

artificial intelligence (AI) techniques in the study of cold plasmas, with a particular focus 

on the dynamics of dust clusters levitated within such environments. We used a 

combination of clustering methods and statistical techniques to analyze and group the 

trajectories of microparticles in dust clusters levitated within cold plasmas, with the 

ultimate goal of identifying patterns and enabling predictions based on initial positions 

and other parameters. The methods chosen for trajectory clustering include K-means, 

DBSCAN, Hierarchical clustering. Each method was selected for its unique strengths in 

handling the complex, high-dimensional, and often noisy data generated from 

experimental observations of dust particle dynamics. Our study demonstrates the power 

of combining data science with experimental plasma physics to address challenges in 

manipulating levitated dust clusters. The predictive model not only enhances our ability 

to control dust dynamics in cold plasmas but also serves as a versatile tool for future 

research in dusty plasma systems.  
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The dynamics of cylindrical nylon particles (300 μm in length and 5 μm in diameter) 

in a radiofrequency argon plasma (400 mTorr, 7 W) under a vertical magnetic field 

(Bz≈14–19.5 mT) were studied. The magnetic field was applied using a coil with the RF 

electrode as a ferromagnetic core. In the absence of the field, a stable ring was formed by 

charged particles (2.34×104e). However, the introduction of a magnetic field resulted in 

the induction of ring rotation, with a velocity ranging from 2 to 13 mm/s. The ring's 

maintenance was attributed to strongly coupled particles, while edge particles (distance > 

0.8 mm) decoupled due to a reduced Coulomb force (1.8×10−15 N) in comparison to the 

ion drag force (1.13–1.49×10−10 N). These edge particles followed cycloidal trajectories. 

The dumbbell-like shape of the particles induced individual spin via torque, thereby 

highlighting the role of particle shape in dusty plasma dynamics. 

 

 
Figure 1: Representative experimentally investigated particle trajectories. 

 

 
 

Keywords: cylindrical particles, low magnetic field, cycloid. 
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This study focuses on the computation of solar irradiance available in a specific 

location using mean and interpolated atmospheric parameters values. A parametric solar 

irradiance model [1] derived from a spectral code is employed. The model uses only 

surface meteorological data as input parameters. The influence of averaging and 

interpolation of the atmospheric parameters on the model accuracy is evaluated. The 

analysis is performed on a dataset comprising ground-based measurements from the Solar 

Platform of the West University of Timisoara [2], complemented by atmospheric 

parameters obtained from the Aerosol Robotic Network (AERONET) [3]. Particular 

attention is given to the influence of Ångström turbidity coefficient, which is known to 

play a critical role in the attenuation of solar radiation when passing through the 

atmosphere. The results indicate that the use of mean values does not significantly 

compromise the overall accuracy of the solar irradiance estimates. However, due to the 

sensitivity of the model to aerosol-related parameters, it is advisable to employ 

interpolated values for the Ångström turbidity coefficient to enhance the accuracy of 

irradiance estimations under varying atmospheric conditions.   
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The batch investigation into the redirection of acidogenic off-gas from the leach 

bed reactor (LBR) to the up flow anaerobic sludge blanket (UASB) reactor present a 

higher influence over the acidogenic leachate composition, leading simultaneously at an 

enhanced energy recovery in the form of gas production. LBR-off gas redirection affects 

the in-situ head space pressure into the acidogenic reactors, changing the quality of the 

leachate that is produced. Continuously maintaining head space pressure at 3 and 12 psi 

by injecting a premix bio-gas, is alter the metabolic pathway concomitant with the quality 

of the produced leachate inside of the used acidogenic reactor during anaerobic digestion 

of food waste. 

Compared with 3 psi, hydrolysis, total soluble protein production (TSP) and 

acetogenesis performed better at 12 psi. Similar was observed that the cumulative COD 

yield varied in daily production rate being higher when the treatment was performed at 

12 psi (559.2 g / Kg VS compared with 425.1 g / Kg VS). With variation in pH and VFA 

distribution, the cumulative TSP output was 294 and 362 g TSp / Kg VS for 3 and 12 psi, 

respectively. Lactate, acetate and ethanol provided over 95 % of volatile fatty acids (VFA) 

in studied cases during the first week. After this initial period, butyrate remains the only 

significant product that contributed over 80 % of VFA, indicating a real change into the 

metabolic pathway. 
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The estimation of clear-sky solar irradiance is a focal prerequisite in the evaluation 

of solar resources. This study reports on expanding geographical area of applicability of 

our empirical model G-EM for estimating clear sky global solar irradiance [1]. Although 

the model is of an empirical nature, the mathematical equations are inspired by the physics 

behind radiative transfer in the atmosphere [2]. G-EM requires as input only the 

geographical coordinates and the temporal reference. The pathlength of solar radiation 

through the atmosphere depends on the local altitude. Thus, the frozen coefficients in the 

G-EM model were replaced with dynamic coefficients, which capture the dependence of 

global solar irradiance on altitude. The study was conducted with synthetic data generated 

with PEM, a high performant clear sky solar irradiance model [3]. The results of testing 

the new model show a significant increase in accuracy in high altitude locations. 

Requiring only deterministic quantities as input, the new model effectively blends two 

key requirements in practice: high accessibility and reasonable accuracy. 
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Solar ultraviolet (UV) radiation has multiple effects, both positive and negative, 

on human beings. Modeling of solar UV spectral irradiance is carried out from various 

perspectives [1], being a current topic in research. In this study, the influence of the main 

atmospheric parameters, ozone and aerosol, on the level of biologically effective solar 

irradiance is analyzed. The study compares the action of UV radiation on the skin with 

the action on the retina. The analysis is performed using synthetic solar UV spectra 

generated with SMARTS2 [2], a high-quality spectral solar irradiance model. The 

novelties reported by this study: (1) a continuous equation for the biological action 

function associated with cataract, (2) increasing the wavelength density at which the 

synthetic UV spectra are defined and (3) a comparative analysis of the effective 

irradiances, depending on the class of atmospheric aerosol [3].  
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For producing oxygen on Mars to support human exploration, high-intensity pulsed 

plasma jets, characterized by electron densities [1-2] around 1021 m-3 and electron 

temperatures up to 13 eV, were employed to dissociate CO2 at Martian pressures (1–5 

Torr). Operating a plasma gun at discharge voltages of 1–2 kV, peak oxygen yield was 

observed at 2 kV (~0.03 g per 10 pulses), with maximum energy efficiency of 49.94 Wh/g 

at 1 kV. The dissociation mechanism involved two electron groups: one driving direct 

CO2 breakdown and another facilitating vibrational excitation, potentially enhanced by 

ions accelerated to km/s speeds. In a high-repetition, high-voltage setup with rapid 

capacitor charging, an oxygen production rate of approximately 137 g/hour is projected. 
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In this work, we investigate the electrical and dielectric properties of silicone rubber 

composites doped with a perovskite-phase material, BiFeO₃ (BFO). A series of samples 

with varying BFO content were prepared and characterized to evaluate the influence of 

the dopant on conduction mechanisms.  

Conductivity measurements were analyzed using both the Arrhenius and Correlated 

Barrier Hopping (CBH) models. Activation energies (Ea) extracted from Arrhenius fitting 

ranged between 0.2–0.4 eV, indicating thermally activated hopping.  

Additionally, barrier heights (Wm) derived from CBH analysis revealed an inverse 

correlation with conductivity, confirming the role of shallow localized states introduced 

by the BFO phase. Dielectric measurements further supported these findings, showing 

enhanced dielectric constants and reduced loss in the most conductive samples. The 

sample with the lowest Ea also exhibited the best conductivity performance, suggesting 

optimized charge transport pathways due to the perovskite filler.  

In conclusion, we found that by tuning the dopant concentration, it is possible to 

control the electrical and dielectric properties of the composite. This tunability points to 

the potential use of BFO-doped silicone rubber in flexible electronic devices, where 

tailored conductivity and dielectric response are essential. 
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This study presents a method to boost dye-sensitized solar cell (DSSC) efficiency 

without altering the TiO₂ photoanode structure or dye composition. By optimizing the 

ball-milling process of TiO₂ paste using 12 mm balls, we achieved smaller crystallite sizes 

and increased surface OH groups, enhancing energy conversion.  

The TiO₂ paste ball-milling process was optimized for indoor lighting for the first 

time, enhancing both efficiency and cost-effectiveness through a fast, industrially scalable 

preparation method for DSSC production. 

 
Figure 1: J-V measurements of DSSCs for TiO2 paste untreated (TiO2_NP) and obtained from paste 

milled with 5 mm, 8.5 mm, 10 mm, and 12 mm balls at different rotation time (a) 3 h and (b) 12 h,under 

1000 lux illumination. 

 

Our study presents a simple, cost-effective approach that enhances DSSC efficiency 

under indoor lighting by ~112.3%, without the need for complex TiO₂ architectures or 

new dye designs. 
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We report on the ON/OFF time responses of seven Eu/Dy doped strontium 

aluminates synthesized with different alkaline hydroxide and carbonate precursors: #1 

(HMTA), #2 (LiOH), #3 (KOH), #4 (NaOH), #5 (K₂CO₃), #6 (Na2CO3) and #7 

((NH₄)₂CO₃). The responses (Fig. 1a,b,c) were measured with a smartphone (Xiaomi, 

11T Pro) and a 1000 line/mm transmission diffraction grating which allow 

measurements of the time responses in the blue, green and red part of the spectrum. 

 

Figure 1: a) Spectral distributions of all the samples and RGB responses of sample #2 - b) and #4- c.) 

 

The spectra of the samples are shown in Fig 1a) and the time responses from the 

R (red, 460nm), G (green, 510nm) and B (blue, 600 nm) pixels and the overall grey 

response for samples #2 and #4 - in Fig. 1 b) and c). They reveal that the different 

spectral components of the luminescence significantly differ from one another [1]. For 

sample #2 the overall time response is close to that of the dominant green component, 

follows a power law and is weakly affected by the red component which exhibits an 

exponential decay. In contrast, sample #4 exhibits a rise behavior following a power 

law, but the decay responses behave differently. A closer look reveals that the weaker 

red and green spectral components first exhibit a fast drop of the intensity caused by the 

disappearance of fluorescence and then the intensity rises periodically to some 

saturation level, followed by a fast drop and a subsequent re-charging and decays. The 

main blue component behaves similarly, but over a larger time scale. The results are 

indicative of the excitation/relaxation dynamics inside the phosphor and can be used for 

color time-dependent multi-level and multimodal encoding and sensing [2]. 

Keywords: color dependent time responses, smartphone interrogation.  
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Ultraviolet C (UVC) radiation is extensively applied in antimicrobial treatments due to 

its ability to induce DNA damage in microorganismsand plays a critical role in the 

decontamination of water, food, and environmental systems [1].Blue-to-UVC upconversion 

(UC) offers the potential to harness readily available and cost-effective blue light sources [1] 

for antimicrobial and related applications [2, 3]. This study presents a microbiological 

assessment of the bactericidal potential of Y₂SiO₅:Pr³⁺ and its corresponding polymer-based 

composites, evaluating their effectiveness against E. coli ATCC 8739 through various 

microbiological assays. FTIR spectroscopy, X-ray diffraction (XRD), and photoluminescence 

(PL) spectroscopy were employed to characterize the Y₂SiO₅:Pr³⁺ compound and investigate 

its optical properties, demonstrating its capability for upconversion. For the microbiological 

assay, the culture medium was prepared, and bacterial pellets were hydrated prior to irradiation. 

The experiment was carried out in two ways. In the first variant, Y₂SiO₅ was mixed directly 

with the bacterial suspension, which was not exposed to light. In the second variant, a 

composite material was created by dispersing Y₂SiO₅:Pr³⁺ in polydimethylsiloxane, which was 

deposited as a thin film on the inner surface of the reactor before illumination. In the second 

experiment, two controls were used for comparison: a glass surface without the added material 

and a negative control made up of a bacterial suspension that wasn't exposed to radiation. 

The viable colonies were observed macroscopically, and their growth rate was analyzed 

in relation to the irradiation through the PDMS/Y₂SiO₅:Pr³⁺ membrane deposited on glass. The 

results of the first experiment confirm the moderate toxicity of Y₂SiO₅:Pr³⁺ on E. coli. The 

second experiment confirms that the composite material is non-toxic and that illumination 

through it leads to a reduction of approximately 25% in the concentration of viable bacteria. 
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Ultraviolet C (UVC) radiation, due to its special properties, has gained significant and 

modern applications, including the decontamination of the environment, water and food, cancer 

therapy, photocatalysis, and the development of invisible identification tags [1]. Materials that 

exhibit emission in the UVC range through up-conversion under visible light excitation have 

the potential to significantly reduce the cost of biological water purification. YBO₃ and 

YAl₃(BO₃)₄ are promising host materials for rare-earth-doped phosphors. A key advantage of 

these hosts is their transparency in the UVC domain, along with high chemical durability. In 

the case of YAl₃(BO₃)₄, nonlinear optical properties are also present [2]. The UVC transparency 

of YBO₃ was previously exploited by X. Zhao et al. [3] in the synthesis of YBO₃:Pr, which 

showed UVC emission at 263 nm and 274 nm when excited with a 447 nm laser. The 

combustion method offers advantages such as rapid reaction rates due to high reaction 

temperatures. Specifically, solution combustion synthesis ensures good precursor 

homogenization and yields compounds with high specific surface area due to a larger volume 

of gas release compared to conventional combustion methods. This reduces the need for post-

synthesis grinding of the phosphors. 

In the present work, a comparative study was performed between the synthesis of YBO₃ 

by solution combustion using ammonium nitrate as an oxidizer and the solid-state method. It 

was observed that a temperature of 450 °C is sufficient to ignite the precursor mixture; 

however, the heat released during the reaction is not enough to form pure-phase YBO₃ in a 

single step. A phase separation occurs before reaching the ignition point, such that a subsequent 

thermal treatment at 1000 °C leads to the formation of YBO₃ as the main phase. The final phase 

composition depends on the maximum temperature reached during combustion. In contrast, the 

solid-state method yields pure-phase YBO₃ directly. These findings point to the necessity of 

modifying the solution combustion synthesis route in order to prevent the formation of non-

stoichiometric intermediate phases prior to ignition. 
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Rare-Earth (RE) sesquioxides are a well-known class of compounds recognized for 

their improved intrinsic properties, in particular their high optical performance in the VIS-NIR 

range and their significant physicochemical characteristics, such as their non-hygroscopic and 

non-hazardous nature. For optical applications, RE-sesquioxides single crystals with a cubic 

structure offer significant advantages such as optical isotropy, chemical stability, and the ability 

to be easily doped with other rare-earth cations [1,2]. However, growing these materials as bulk 

single crystals is challenging due to their high melting points and the presence of several 

structural phase transitions with temperature [3]. In this work, we present the historical and 

current approaches for growing RE-sesquioxide crystals, highlighting the most commonly used 

growth methods (Figure 1) and the main areas of application. In the following, a particular 

attention is paid to cubic Tb2O3, a promising material for magneto-optic applications and for 

the control of polarization rotation in solid-state lasers [3-4]. The most efficient method for its 

crystal growth, the flux method, is presented in detail. 
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Figure 1. Czochralski furnace for rare-Earth sesquioxide growth at ICAM 
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Mollusks are soft-bodied animals and to protect themselves, during their evolution they 

elaborate an external calcified rigid structure, the shell. The shell fabrication requires a 

specialized cellular mechanism, which are strictly under the control of many genes which 

elaborates enzymes for the mineralization process. The calcium carbonate micro crystals that 

form the shell structure differ in their shape and size from their inorganically formed 

counterpart, and their shapes are generally complex. These crystals assemble according to 

different levels of hierarchy being synthesized under special micro environment conditions.  

Our results revealed differences of microstructure in the two organism’s shells which 

encourage us to continue our studies regarding the enzymatic properties of the matrix proteins 

in Rapana venosa shell.  

Nowadays there is a big interest regarding shell structure of mollusks. These structures 

serve as models for developing bio-mimetic materials having applications in various fields such 

as medical prosthetic materials (dental and bone implants). The mollusk shell is formed in a 

self-organized manner from relatively fragile components arranged in complex hierarchical 

structures. Such material is characterized by strength and toughness. The best known and 

studied microstructure of mollusk shell is nacre, the iridescent, aragonite layer, which covers 

the inner part of most mollusks species. Nacre isa biogenic polymer, a mineral composite 

formed during a self-assembling process. It is composed by two phases: a mineral one (95%) 

and an organic one, disposed in a highly organized structure as a brick wall pattern. This 

structure lead to a material 3000 times tougher than its components. The mineralization process 

is controlled by the organic matrix (5% of the material). The understanding of the process and 

the mechanisms which are involved in the formation of nacre has as final purpose the creation 

of new materials with similar structure and properties. In our study we focused on the primary 

characterization of shell matrix structure from the Black Sea gastropod Rapanavenosa. 
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Iron oxide microfibers (Fig.1a) are typically obtained through the thermal decomposition 

of a mixture composed of silicone oil, carbonyl iron microparticles, and iron pentacarbonyl. 

[1] They consist of α-Fe₂O₃ (~12 wt%), γ-Fe₂O₃ (~62 wt%), and Fe₃O₄ (~26 wt%) [2,3]. 

Morphologically, microfibers appear as chains of microparticles (Fig.1b), with diameters from 

0.25 μm to 2.20 μm. The specific saturation magnetization of these iron oxide microfibers [2,3] 

is 22.7 Am²/kg, measured at a magnetic field intensity 477 kA/m. 

 
  a)                                            b) 

Figure 1: a) Bulk iron oxide microfibers [2]. b) SEM analysis of iron oxide microfibers [2]. 

 

Magnetorheological suspensions are obtained by dispersing iron oxide microfibers into 

silicone oil. These suspensions are used to manufacture electrical circuit components [2] in 

which the electrical conductance and susceptance can be coarsely adjusted through the 

volumetric ratio between the microfibers and the silicone oil. In contrast, the fine-tuning is 

achieved by varying the magnetic flux density, which enables their application in remotely 

controlled switching circuits. A relation is also shown between viscosity and magnetodielectric 

effects, a property that proves useful in controlling vibration and oscillation damping in 

dampers built using such suspensions. 

By absorbing these suspensions into cotton-based textiles, hybrid composite materials 

can be obtained. These materials serve as the basis for the fabrication of passive electrical 

circuit elements [3], whose equivalent capacitance and resistance vary in a synchronous way 

with stepwise changes in the applied magnetic field and are sensibly influenced by the field 

intensity - a behavior that can be exploited in the design of magnetically tunable electrical 

modules. 

 

Keywords: iron oxide microfibers, magnetorheological suspension, hybrid composite 

materials. 
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Balancing accuracy and accessibility in solar energy flux estimation models remains a 

key challenge in radiative transfer research and solar engineering. The proposed model is 

derived from a clear-sky spectral model that accurately estimates the three components of 

spectral solar irradiance—direct normal, diffuse, and global—at the ground level under clear-

sky conditions. Given that the use of spectral models involves computationally intensive 

spectral calculations, a widely adopted simplification strategy is to parameterize atmospheric 

spectral transmittances using various wavelength-averaging formulations. The procedure used 

to develop our parametric model for estimating solar energy flux under clear-sky conditions 

involves two main stages. The first stage consists of deriving discrete broadband transmittances 

through an independent integration scheme applied to the spectral transmittances provided by 

the source spectral model. The second stage involves fitting these results to obtain continuous 

broadband atmospheric transmittances, expressed as analytical expressions that depend solely 

on atmospheric state parameters, independent of wavelength. The new parametric model is 

validated through testing on a dataset measured across various climatic regions. The results 

obtained support the characterization of the new model as highly accurate and straightforward 

to implement. 
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This paper presents a comparative simulation study of xenon and fission product behavior 

in a CANDU-600 reactor core operating at nominal full power (100%) and an aging CANDU-

600 core limited to 90% power due to end-of-life constraints. The analysis includes not only 

steady-state operating conditions but also transient phases such as shutdown and start-up, 

where xenon dynamics significantly impact reactivity management. 

Using theoretical reactor physics simulations, the study investigates xenon reactivity 

worth in both reactor conditions, with particular attention to the influence of fission product 

buildup and depletion. The simulations are supported by detailed evaluations of the reactivity 

compensation provided by the Liquid Zonal Controllers (LZCs), Adjuster Banks and 

Mechanical Control Absorbers (MCAs). The results highlight that while the 90% power core 

experiences reduced xenon production, it exhibits higher sensitivity to xenon-induced 

reactivity swings, particularly during power maneuvers and recovery from shutdown. 

The total reactivity worth of xenon, in conjunction with the control mechanisms, is 

quantified throughout the operational cycle. The findings reveal a tighter reactivity balance and 

reduced control flexibility in the aged core, emphasizing the increasing operational constraints 

as the reactor approaches end-of-life. These insights are critical for refining control strategies, 

ensuring safe operation, and optimizing performance across the full power range and 

operational scenarios of CANDU reactors.  
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This study presents a comprehensive investigation of the structural and spectroscopic 

properties of the 1-hydroxyxanthone (1HX) molecule. This organic compound exhibits 

interesting characteristics, including the ability to undergo excited- state intramolecular proton 

transfer (ESIPT) [1] and demonstrates promising potential for biomedical applications [2]. 

A combination of experimental and computational approaches was employed to explore 

the conformational landscape of 1HX, as well as its Raman spectrum, and the absorption and 

fluorescence properties. Computational data have been obtained by using density functional 

theory (DFT), with various exchange-correlation functionals and basis sets. 

Correlation experimental data with computational results enabled a reliable assignment 

of the Raman spectrum and a detailed characterization of the photophysical properties of both 

the ground and excited states of 1HX. 

By examining the molecular geometry across different states and phases, predicting 

spectral properties and describing quantitatively the ESIPT process, this work provides new 

insights into the behavior of the 1HX, supporting its relevance for future biomedical 

applications. 
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We report on the development of a three wavelength optical fiber polarimetric 

magnetic field sensor interrogated by a smartphone spectrometer (Xiaomi 11T Pro, Samsung 

A51 and a 1000 lines/mm transmission grating). A paramagnetic Faraday rotator glass (3.8 

x 27mm, MR3-2, Xi'an Aofa Optoelectronics Tech Inc., PR China) was used as a sensing 

magneto-optic material whose wavelength dependence Verdet constant was measured and 

shown in Fig.1 a). Quartz-polymer fibers of 600 m core diameter were used as lead-in from 

the sources and lead-out to the smartphone. 

 

Figure 1: a) Spectral dependence of the Verdet constant; b) sensitivity of the sensor at three lase lines; 

c) sensitivity of the sensor at three LED lines (observed spectra in the inset) 

 

The analyzer was oriented at 45  with respect to the polarizer to allow detection of the 

current polarity. Current changes produced variations P around the zero- current intensity 

P0() and the sensitivities S = P/P0/I for laser sources (405 nm LD, 532 nm DPSS and a 
632.8nm He-Ne) and for a three wavelength (460 nm, 517 nm, 627 nm) combined LED are 
shown in Fig. 1b) and c). A photo of the observed spectra of the three color LED for I = -
1.8A to +1.8 A is shown in the inset of Fig. 1c). The responses with the lasers exhibited 
higher sensitivities, compared to the broader-band LEDs because of the spectral dependence 

of the Verdet constant approximated by a power law function as V() = 1.4x107-2.63 (/mm/kg). 

In both cases the P/P0 vs. I dependence was found to be linear within the measurement 
range. As the sensitivities of the sensor in the visible vary by a factor of 7 to 8, the 
measurement range can be extended. The smartphone can simultaneously interrogate a large 
number of sensors and unlike the wavelength shift detection [1], this scheme does not require 
referencing. 
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Oxide glasses containing transition metal ions, such as vanadium ions show a 

semiconducting behavior. Small polaron hopping is probably mechanism of electrical 

conduction in such semiconducting glasses due to the highly polar nature of the structure. In 

combination with others oxides the significant changes in structure and properties of glasses 

can be obtained. 

Influence of ZnO, TiO2 and NiO content in glassy system xZnO/ TiO2/ NiO-(35-x)BaO-

65V2O5 on DC and AC conductivity, static permittivity, dielectric relaxation is presented and 

discussed. DC conductivity values at constant temperature changes by 3 orders of magnitude 

depending on concentration (x = 1, 5, 10, 15). Temperature dependencies of conductivity in 

temperature range from 20 to 240 °C show difference between the first and second heating 

cycle. Activation energy changes depend on concentration as well as on temperature ranges 

used. In high temperature range activation energy is significantly higher. The AC conductivity 

in frequency ranges (0.1-105 Hz) show low dependency determined values on frequency 

change.    

This work was supported by the Slovak Research and Development Agency under the 

contract No. APVV-22-0146 and APVV SK-BG-23-0014 and Bulgarian National Science 

Fund under the contract No KP-06-Slovakia/1. 
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The study of electrical properties of layered structures lies at the heart of physics of 

advanced materials. Moreover this study is a prerequisite for development of a wide range of 

modern technologies. Four-point probe technique is widely used in the semiconductor industry 

to monitor the production process. Electrical measurements are done on test structures to 

provide information on the various process steps. As time goes on, structures become more 

complex and standard procedures for applying this technique needs to be improved.  

The application of the four-point probe technique for measuring the electrical properties 

of two-layer structures is commonly used in various fields of science and technology. In our 

work we have modified a classic four-point method evaluation procedure to measure 

multilayered structures. Numerical quantification of multiple effects of the image charges was 

used for the determination of electrostatic potential within layers regions. Subsequently the 

conductivity correction factor for four-point experiment to measure complex multilayered 

structures was evaluated.   

This work was supported by the Slovak Research and Development Agency under the 

contract No. APVV-22-0146 and APVV SK-BG-23-0014 and Bulgarian National Science 

Fund under the contract No KP-06-Slovakia/1. 
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Cold atmospheric plasma reactors with dielectric barrier discharge offer a farmer-

centric solution for sustainable soil health management. By utilizing ionized gases such as 

nitrogen or air, the cold atmospheric plasma enhances seed germination, strengthens plant 

resilience, and increases crop productivity while reducing dependence on chemical fertilizers 

and pesticides. This approach aligns with land and natural resource policies and directives, 

reinforcing global sustainability goals and supporting regulatory frameworks such as those set 

by the Environmental Protection Agency. Thus, the non-thermal technology not only improves 

plant health and yield but also mitigates soil degradation, reduces agricultural pollution, and 

promotes biodiversity conservation. Additionally, it addresses key challenges such as climate 

change, resource depletion, and the need for sustainable food production systems. By 

integrating the cold atmospheric plasma into agricultural practices, farmers can achieve higher 

efficiency while ensuring long-term ecological balance. As global agriculture faces increasing 

environmental and food security challenges, the cold atmospheric plasma emerges as a scalable 

and eco-friendly solution that bridges innovation with sustainability. 
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Global warming and the global energy crisis are two of the major problems humanity is 

currently facing [1,2]. The efforts of the scientific community aimed at addressing these issues 

have revealed hydrogen as a promising renewable energy carrier of the future, with the 

potential to replace the environmentally unfriendly reliance on rapidly depleting fossil fuel 

reserves [3]. Hydrogen has high energy density, low emissions, and the potential to decarbonize 

various industrial departments [4]. Green hydrogen generated via electrochemical water-

splitting, also known as water electrolysis, using renewable electricity, is one of the most 

auspicious ways to achieve net-zero carbon emissions [5]. Given this background, the present 

work contributes to the ongoing efforts of identifying highly active, durable, and low-cost 

electrocatalysts for efficient hydrogen production by water electrolysis. It reports the study of 

the water-splitting electrocatalytic activity of glassy carbon electrodes modified by drop-

casting on their surface catalyst inks containing Co-doped YMnO3 mixed with different 

amounts of the symmetrically substituted A4 free-base 5,10,15,20-tetrakis(3-hydroxyphenyl)-

porphyrin dissolved in tetrahydrofuran. The experiments were carried out in 0.1 M H2SO4 

electrolyte solution, and the results show that the highest catalytic activity is exhibited during 

the hydrogen evolution reaction (HER) investigations by the electrode modified with 10 µL of 

the catalyst ink containing 5 mg Co-doped YMnO3 in 450 µL of 5 mM porphyrin solution 

(Figure 1). The HER overpotential is 0.87 V at the current density of ─10 mA/cm2. The Tafel 

slope is 0.135 V/dec, and in terms of electrochemical stability, the recorded chronoamperogram 

outlines the fair stability of the sample despite the intense hydrogen bubbling. 

 

 
Figure 1: (a) Anodic and (b) cathodic polarization curves recorded on the studied electrodes, in 0.1 M H2SO4 

solution and at the scan rate of 5 mV/s. 
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The Faraday effect in a material describes the interaction between a linearly polarized 

laser wave and a static magnetic induction oriented parallel to the direction of propagation of 

the light wave [1]. The polarization of the light undergoes a rotation that is proportional to the 

applied magnetic induction, the distance travelled within the material and the Verdet constant 

of the material. This magneto-optical phenomenon is used in particular in optical isolators, 

especially for frequency-stabilized lasers and high-power sources, to prevent any back-

reflected light into the cavity that could destabilize or damage the device. Accordingly, 

magneto-optical materials are key components in optical isolators using the Faraday rotation 

and they are of paramount importance for high-power solid-state laser applications [2,3]. In 

particular, terbium-based single crystals exhibit several advantages such as a wide optical 

transparency range, low optical absorption, high thermal stability, strong Faraday effect, 

magnetic field sensing capability, and a high signal-to-noise ratio. Besides, they operate in the 

ultraviolet (UV), visible (VIS) and near infrared (NIR) optical range.  

This work deals with the crystal growth and the magneto-optical properties of 

particularly efficient crystals, Tb₃Ga₅O₁₂ (TGG), KTb3F10 (KTF) and Tb2O3 (Figure 1) in these 

spectral regions, as well as their use in experimental setups for designing adaptable optical 

isolators. 

The authors acknowledge the financial support from the PNRR-III-C9-2022-I8 grant 

“Enhanced single crystal Applications and Research in the growth of new optical rare earth-

based compounds for sustainable and efficient Technologies (ESCARGOT)” (n°: 

760080/23.05.2023), for the development of this research field. 

 
Figure 1. Example of magneto-optical single crystals (a) TGG [4], (b) KTF [5] and (c) Tb₂O₃[6] 
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Although artificial intelligence (AI) has been widely applied in physics education, its 

potential in test creation is still relatively underexplored and underrepresented in empirical 

studies [1,2]. This paper investigates the use of AI-generated multiple-choice questions 

(MCQs) as formative assessment tools during a national physics and astronomy competition in 

Hungary (2024/25), organized by the Astronomy Tower of Eszterházy Catholic University 

Eger. Participants were given 65 mandatory, human-authored MCQs and 168 optional, AI-

generated questions, both based on a common written curriculum. The AI-generated questions 

provided instant feedback and allowed unlimited practice attempts. We compared the outcomes 

of students who engaged with AI-generated questions (n = 71) to those who used only human-

authored content (n = 417), and observed moderate improvements in performance. Our findings 

suggest that AI tools can effectively support self-paced learning and offer time-efficient 

assessment solutions, especially benefiting lower-performing students, although human 

oversight remains essential for content quality.  
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The Planetarium of the West University of Timișoara has been built in 1964 and equipped 

with a ZKP-1 Zeiss projector. In 2022 the Physics Department took it under its supervision and 

refurbished it. Soon after a Barco digital projector has been also purchased and it is now being 

operated by SureyyaSoft, a known Planetarium software. The two projectors are used 

alternatively providing an excellent educational environment for both High School students 

and University students. The proposed poster underlines the most relevant activities which 

are the free-of-charge visits for all students, regardless of their specializations, and the free-of-

charge classes of Astronomy and Astrophysics offered to all passionate students, regardless of 

their age, for which the Planetarium serves as a laboratory. In the last 3 years the Planetarium 

turned out to be a very efficient tool for educational Physics.  

At the same time the poster encloses information about the National Master’s Degree 

Program in High-Energy Physics, involving 4 Universities, University of Bucharest, ”Babeș-

Bolyai” University of Cluj-Napoca, ”Alexandru Ioan Cuza” University of Iași and West 

University of Timișoara.  

The connection between the two themes of this poster consists of the following 

fundamental questions: ”What is the matter made of at its most fundamental level? What 

forces shaped the Universe?” 

 

 
 

Keywords: Planetarium, Astronomy, Astrophysics, Educational Physics, Olympiads, 

High-Energy Physics Master, Fundamental questions, Universe. 
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The High-Energy Physics (HEP) master programme is a joint initiative of four physics 

faculties in Romania (University of Bucharest, Babes-Bolyai University, „Alexandru Ioan 

Cuza” University of Iași and West University of Timișoara) partnering with research groups 

from national R&D institutes (e.g. IFIN-HH, INCDTIM Cluj-Napoca) involved in experiments 

at CERN. The aim of the programme is to provide students with a strong foundation in 

theoretical and experimental high-energy particle physics, a field dedicated to understanding 

the fundamental particles and forces that govern the universe. At the heart of this global effort 

stands CERN, the European Organization for Nuclear Research – home to the Large Hadron 

Collider (LHC) and to some of the most ambitious scientific experiments in history. 

The joint initiative aims to increase the number of young researchers in HEP for each 

university center and stimulate collaboration. Students will be involved in scientific research 

by participating in the realization of R&D projects and will prepare the dissertation with a 

specific HEP research topic, working together with scientists involved in CERN experiments.   

Along with the curriculum, the structure of mobility and each partners’ contribution, we 

present the steps and challenges in accrediting a joint national programme.   
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Research is the basis of a field’s evolution and prosperity, being an essential part of our 

society’s wellbeing itself. SciResCareer – “Regional Centre in Orientation and Counseling for 

Research Careers - Bucharest-Ilfov” is an organizational structure of University of Bucharest 

that aims to serve the entire scientific community of Bucharest and Ilfov County. The Center’s 

aim is to help develop interest in research careers (for pupils, students), hone new skills relevant 

in research careers (both young and senior researchers), provide mentorship and vocational 

counseling, practice or job opportunities and facilitate networking inside and outside 

researchers’ communities, both nationally and internationally. 

Even though, naturally, SciResCareer addresses and supports all research domains, this 

presentation will highlight the benefits and services offered to physics researchers or potential 

researchers, spanning from outreach activities to advanced academic and research services. We 

have developed and adapted a multitude of activities and opportunities, tailored for each target 

group depending on age, interests and career level. We have brought together pupils, students 

and researchers, addressing a variety of modern topics, from macrocosmos, gravitation and 

cosmology, towards the microscale, to quantum physics and information, and even further, to 

the cutting-edge experiments probing and searching fundamental constituents of matter. 
 

 

Acknowledgements: The SciResCareer project is funded under PNRR/C9/ Investment "I10 – 

Establishment and Financial Support of a National Network of Eight Regional Career Guidance 

Centers as Part of the ERA TALENT PLATFORM". 
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In this study we aim to explore possible correlations between several variables effecting 

students’ motivation in studying Quantum Mechanics (QM). Moreover, we investigate the 

most common misconceptions students have before undertaking the bachelors’ QM lecture and 

how they might change after undertaking the lecture.  

Our study is based on an initial three-part questionnaire and a final two-part one, the first 

one assessing students’ motivation and interest, QM intuition and background knowledge in 

other relevant disciplines. The second questionnaire assesses their acquired knowledge, partly 

addressing the same questions from questionnaire one, with the aim of understanding if and 

how the initial misconceptions might be resolved. 

This contribution shows the results obtained from 141 responses for the initial 

questionnaire and 53 for the final one, collected over a period of 4 academic years (2022-2025). 
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 In teaching and learning Physics, teachers and students benefit from the existence of 

tools and software products that support the teaching approach, develop students' knowledge 

and skills around science and the digital world. Interactive physics lessons with the help of the 

computer present a potential that has not yet been exhausted. 

 Computer-assisted instruction represents, from a pedagogical point of view, a way of 

organizing the instructional-educational process. It is a particularly complex activity, 

integrating, in addition to human resources (teachers and students) and material resources (the 

presence of a computer and other information and communication technologies), the latter, 

most often minimizing the role of the human ones, namely the teacher, who becomes a 

moderator, a guide and an observer of the activity carried out. There are numerous applications 

that support the simulation and understanding of physical events, thus complementing the 

classical methods of laboratory experimentation. The present paper presents computer-assisted 

training systems, interactive with the user, attractive, which should provide support both for 

the teaching stage and for the assimilation and evaluation of the results of the educational 

process. 
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