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Prova

Author: Leonardo Cosmai’

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: leonardo.cosmai@ba.infn.it

Prova

Session 3B/ 63

Active semiflexible polymer under shear flow

Author: Antonio Lamura’

' JAC CNR
Corresponding Author: alamura@ba.iac.cnr.it

The dynamic behavior of a self-propelled semiflexible filament of length L is con-
sidered under the action of a linear shear flow. The system is studied by using
Brownian multi-particle collision dynamics. The system can be characterized in
terms of the persistence length Lp of the chain, of the Peclet number, and of

the Weissenberg number. The quantity Lp/L measures the bending rigidity of

the polymer, the Peclet number Pe is the ratio of active force times L to thermal
energy, and the Weissenberg number Wi characterizes the flow strength over thermal
effects. In this presentation we will focus our attention to intermediate values of

Pe corresponding to the weak spiral regime when no external flow is applied. The
numerical results allow us to outline the main features of the physics underlying the
considered system:

« At low values of Wi, polymer is stretched by activity and aligned by shear along
the flow direction. This effect is more marked in the case of more flexible

chains.

« At the intermediate values of Wi, polymer is prone to tumble due to shear and

this promotes a contraction of the chain.

« At very high values of Wi, activity sums up to shear enhancing polymer

stretching and deformation.

Session 2 / 64

A condensation transition at equilibrium and out-of-equilibrium

Authors: Paolo Politi'; Gabriele Gotti?; Stefano Iubini®

! Istituto Nazionale di Fisica Nucleare

2 ISC-CNR
Corresponding Author: paolo.politi@isc.cnr.it
Several lattice models display a condensation transition in real space when the density of a suitable

order parameter exceeds a critical value. At equilibrium there are well established results and we
discuss different scenarios of the condensation trantition.
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In the out-of-equilibrium setup we consider one of such models with two conservation laws, attached
to two external reservoirs, R_1 and R_2. Both reservoirs impose subcritical boundary conditions:
when R_1=R_2 the system is in equilibrium below the localization threshold and no condensate
appears. Instead, when R_1 differs from R_2 localization may arise in an internal portion of the
lattice.

This phenomenon is due to the coupled transport of two conserved quantities.

Session 3/ 65

Elementary particle mass generation without Higgs

Author: Giancarlo Rossi'

' University of Roma Tor Vergata, INFN RomaZ2 and Centro Fermi
Corresponding Author: giancarlo.rossi@roma2.infn.it
We discuss how a recently discovered non-perturbative field-theoretical mechanism giving mass to
elementary fermions can be extended to generate a mass for the electro-weak bosons, when weak
interactions are introduced, and can thus be used as a viable alternative to the Higgs scenario. We
will show that this new scheme, tested in extensive lattice simulations, offers a solution of the mass

naturalness problem, an understanding of the fermion mass hierarchy and a physical interpretation
of the electro-weak scale.

Session 7 / 66

Understanding the non-Gaussianities in the Hubble-Lemaitre di-
agram

Author: Giuseppe Fanizza'

' IA - Lisbon
Corresponding Author: gfanizza@fc.ul.pt
I'will present the theoretical framework to understand the non-Gaussianities in the Hubble-Lemaitre
diagram, namely the distance-redshift relation, emerging from relativistic cosmological simulations,
such as gevolution. With these analytic results, I will discuss which kind of non-Gaussianities can
be addressed to intrinsic non-linear effects, such as post-Born corrections and higher-order statistic,
against spurious effects introduced by the binning in redshift along the data analysis. Moreover, the
numerical shortcuts introduced to account for the matter bispectrum will be discussed, especially in

regard of the choice of the appropriate UV-cutoff to be chosen for a well-posed comparison with the
above-mentioned relativistic simulations.

Session 6 / 67

Binary Neutron Stars: from macroscopic collisions to microphysics

Author: Luciano Rezzolla'
! Institute for Theoretical Physics - Goethe Universitit - Frankfurt - Germany
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Corresponding Author: rezzolla@itp.uni-frankfurt.de

I will argue that if black holes represent one the most fascinating implications of Einstein’s theory of
gravity, neutron stars in binary system are arguably its richest laboratory, where gravity blends with
astrophysics and particle physics. I will discuss the rapid recent progress made in modelling these
systems and show how the gravitational signal can provide tight constraints on the equation of state
and sound speed for matter at nuclear densities, as well as on one of the most important consequences
of general relativity for compact stars: the existence of a maximum mass. Finally, I will discuss how
the merger may lead to a phase transition from hadronic to quark matter. Such a process would lead
to a signature in the post-merger gravitational-wave signal and open an observational window on
the production of quark matter in the present Universe.

Session 5/ 68

Using machine learning in geophysical data assimilation (some
of the issues and some ideas)

Author: Alberto Carrassi'

! University of Bologna
Corresponding Author: alberto.carrassi@unibo.it

In recent years, data assimilation, and more generally the climate science modelling enterprise have
been influenced by the rapid advent of artificial intelligence, in particular machine learning (ML),
opening the path to various form of ML-based methodology.

In this talk we will schematically show how ML can be included in the prediction and DA workflow
in three different ways. First, in a so-called “non-intrusive”’ML, we will show the use of supervised
learning to estimate the local Lyapunov exponents (LLEs) based exclusively on the system’s state
[1]. In this approach, ML is used as a supplementary tool, added to the given physical model. Our
results prove ML is successful in retrieving the correct LLEs, although the skill is itself dependent
on the degree of local homogeneity of the LLEs on the system’s attractor.

In the second and third approach, ML is used to substitute fully [4] or partly [5]a physical model with
a surrogate one reconstructed from data. Nevertheless, for high-dimensional chaotic dynamics such
as geophysical flows this reconstruction is hampered by (i) the partial and noisy observations that
can realistically be gathered, (ii) the need to learn from long time series of data, and (iii) the unstable
nature of the dynamics. To achieve such inference successfully we have suggested to combine DA
and ML in several ways. We will show how to unify these approaches from a Bayesian perspective,
together with a description of the numerous similarities between them [2,3]. We will show that
the use of DA in the combined approach is pivotal to extract much information from the sparse,
noisy, data. The full surrogate model achieves prediction skill up to 4 to 5 Lyapunov time, and its
power spectra density is almost identical to that of the original data, except for the high-frequency
modes which are not well captured [4]. The ML-based parametrization of the unresolved scales in
the third approach [5] is also extremely skilful. This has been studied using a coupled atmosphere-
ocean model and again the use of coupled DA [6] in the combined DA-ML method makes possible
to exploit the data information from one model compartment (e.g., the ocean) to the other (e.g., the
atmosphere).

[1] Ayers D, J Amezcua, A Carrassi and V Ohija, 2022. Supervised machine learning to estimate
instabilities in chaotic systems: estimation of local Lyapunov exponents, Under Review, Available
at https://arxiv.org/abs/2202.04944

[2] Bocquet M, Brajard J, A Carrassi, and L Bertino, 2019. Data assimilation as a learning tool to in-
fer ordinary differential equation representations of dynamical models, Nonlin. Proc. Geophys.,26,
175-193

[3] Bocquet M, Brajard J, A Carrassi, and L Bertino, 2020. Bayesian inference of chaotic dynamics
by merging data assimilation, machine learning and expectation-maximization, Found. Data Sci.,2,
55-80

[4] Brajard J, A Carrassi, M Bocquet and L Bertino, 2020. Combining data assimilation and machine
learning to emulate a dynamical model from sparse and noisy observations: a case study with the
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Lorenz 96 model., J. Comp. Sci.,44, 101171

[5] Brajard J, A Carrassi, M Bocquet and L Bertino. 2021. Combining data assimilation and ma-
chine learning to infer unresolved scale parametrisation., Phil. Trans A of the Roy Soc., 379 (2194).
20200086

[6] Tondeur M, A. Carrassi, S. Vannitsem and M. Bocquet: On temporal scale separation in coupled
data assimilation with the ensemble Kalman filter. J. Stat. Phys., 44. 101171, 2020

Session 3/ 69

Finite temperature BKT phase transition in the planar psi*4 model
with a strongly modulating potential

Author: Domenico Giuliano®

Co-authors: Phong Nguyen ; Andrea Nava *; Massimo Boninsegni 2

! Istituto Nazionale di Fisica Nucleare
2 University of Alberta

* Universita della Calabria
Corresponding Authors: giuliano@cs.infn.it, phn@ualberta.ca, m.boninsegni@ualberta.ca, andrea_nava_@msn.com

We employ analytical as well as numerical Monte Carlo methods to

discuss the BKT phase transition in the finite-temperature psi"4 model over a square lattice in the
presence of a strong modulation of the chemical potential. By going through a systematic mapping
over the anisotropic planar XY model with modulated spin interaction strengths, we show that the
strength of the modulation only affects the effective anisotropy of the XY model and that the BKT
phase transition is present even at very large values of the modulation, thus evidencing the persis-
tence of the two-dimensional critical behavior of the system even in that limit.

Session 2/ 70

Laplacian Renormalization Group for heterogeneous networks:
information core and entropic transitions

Author: Andrea Gabrielli'

Co-authors: Guido Caldarelli ?; Tommaso Gili *; Pablo Villegas 4

! Dipartimento di Ingegneria, Universita degli Studi "Roma Tre”
2 Universita Ca’ Foscari
* IMT School for Advanced Studies Lucca

* Centro Ricerche "Enrico Fermi”
Corresponding Authors: pablo.villegas@cref.it, tommaso.gili@imtlucca.it, andrea.gabrielli@uniroma3.it, guido.caldarelli@gmail.cor

Complex networks usually exhibit a rich architecture organized over multiple intertwined scales.
Information pathways are expected to pervade these scales reflecting structural insights that are not
manifest from analyses of the network topology. Moreover, small-world effects correlate the dif-
ferent network hierarchies complicating the identification of coexisting mesoscopic structures and
functional cores. We present a communicability analysis of effective information pathways through-
out complex networks based on information diffusion to shed further light on these issues [1]. This
will lead us to a formulation of a new and general renormalization group scheme for heterogeneous
networks. The renormalization group is the cornerstone of the modern theory of universality and
phase transitions, a powerful tool to scrutinize symmetries and organizational scales in dynamical
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systems. However, its network counterpart is particularly challenging due to correlations between
intertwined scales. To date, the explorations are based on hidden geometries hypotheses. Here, we
propose a Laplacian RG diffusion-based picture for complex networks, defining both the Kadanoff
supernodes’ concept, the momentum space procedure and applying this RG scheme to real networks
in a natural and parsimonious way [2].

References
[1] P Villegas, A Gabrielli, F Santucci, G Caldarelli, T Gili, “Laplacian paths in complex networks: In-
formation core emerges from entropic transitions”, Physical Review Research 4, 033196 (2022)

[2] P Villegas, T Gili, G Caldarelli, A Gabrielli, “Laplacian Renormalization Group for heterogeneous
networks”, https://arxiv.org/abs/2203.07230, in publication on Nature Physics

Session 7B/ 71

Data-driven emergence of convolutional structure in neural net-
works

Author: Alessandro Ingrosso'

Co-author: Sebastian Goldt 2

! The Abdus Salam International Centre for Theoretical Physics
2 SISSA

Corresponding Authors: sebastian.goldt@sissa.it, ingrossorama@gmail.com

Exploiting invariances in the inputs is crucial for constructing efficient representations and accurate
predictions in neural circuits. In neuroscience, translation invariance is at the heart of models of the
visual system, while convolutional neural networks designed to exploit translation invariance trig-
gered the first wave of deep learning successes. While the hallmark of convolutions, namely localised
receptive fields that tile the input space, can be implemented with fully-connected neural networks,
learning convolutions directly from inputs in a fully-connected network has so far proven elusive.
In this talk, I will show how initially fully-connected neural networks solving a discrimination task
can learn a convolutional structure directly from their inputs, resulting in localised, space-tiling
receptive fields. Both translation invariance and non-trivial higher-order statistics are needed to
learn convolutions from scratch. I will provide an analytical and numerical characterisation of the
pattern-formation mechanism responsible for this phenomenon in a simple model, which results in
an unexpected link between receptive field formation and the tensor decomposition of higher-order
input correlations.

Session 7/ 72

A new first-order formulation of the Einstein equations exploit-
ing analogies with electrodynamics

Authors: Hector Olivares'; Ilya Peshkov?; Elias Roland Most®; Federico Maria Guercilena®; Ludwig Jens Papen-
forth®

' Department of Astrophysics/IMAPP, Radboud University Nijmegen,

? Department of Civil, Environmental and Mechanical Engineering, University of Trento
* Goethe University Frankfurt

* Istituto Nazionale di Fisica Nucleare

S Institut fuer Theoretische Physik, Goethe Universitaet
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Corresponding Authors: most@fias.uni-frankfurt.de, federico.guercilena@tifpa.infn.it

The Einstein and Maxwell equations are both systems of hyperbolic equations which need to satisfy a
set of elliptic constraints throughout evolution. However, while EM and MHD have benefited from a
large number of evolution schemes that are able to enforce these constraints and are easily applicable
to curvilinear coordinates, unstructured meshes, or N-body simulations, many of these techniques
cannot be straightforwardly applied to existing formulations of the Einstein equations. We develop
a 3+1 a formulation of the Einstein equations which shows a striking resemblance to the equations
of relativistic MHD and to EM in material media. The fundamental variables of this formulation are
the frame fields, their exterior derivatives, and the Nester-Witten and Sparling forms. These mirror
the roles of the electromagnetic 4-potential, the electromagnetic field strengths, the field excitations
and the electric current. The role of the lapse function and shift vector, corresponds exactly to that of
the scalar electric potential. The formulation, that we name dGREM (for differential forms, General
Relativity and Electro-Magnetism), is manifestly first order and flux-conservative, which makes it
suitable for high-resolution shock capturing schemes and finite-element methods. Being derived
as a system of equations in exterior derivatives, it is directly applicable to any coordinate system
and to unstructured meshes, and leads to a natural discretisation potentially suitable for the use
of machine-precision constraint propagation techniques such as the Yee algorithm and constrained
transport. Due to these properties, we expect this new formulation to be beneficial in simulations of
many astrophysical systems, such as binary compact objects and core-collapse supernovae as well
as cosmological simulations of the early universe. In this talk I also comment on the hyperbolicity
of the formulation and its application in the context of high performance computing.

Session 5/ 73

Statistically validated hypergraphs

Authors: Federico Battiston°"; Federico MusciottoN°"®; Rosario Nunzio Mantegna'

' Univ. Palermo
Corresponding Author: rosario.mantegna@unipa.it

In many real-world systems, successfully represented as networks, interactions are not limited to
dyads, but often involve three or more nodes at a time. Under this condition, a better description
of the system is given by hypergraphs, where hyperlinks encode higher-order interactions among
a group of nodes. We discuss an analytic and computational approach to filter hypergraphs by
identifying those hyperlinks that are over-expressed with respect to a random null hypothesis and
represent the most relevant higher-order connections [1]. We apply our method to a class of syn-
thetic benchmarks and to several datasets, showing that the method highlights hyperlinks that are
more informative than those extracted with pairwise approaches. We also discuss a method for the
detection of Statistically Validated Simplices. Statistically validated simplices represent the maximal
sets of nodes of any size that consistently interact collectively and do not include co-interacting
nodes that appears only occasionally [2].

[1] Musciotto, F., Battiston, F. and Mantegna, RN., 2021. Detecting informative higher-order inter-
actions in statistically validated hypergraphs. Communications Physics, 4(1), pp.1-9.

[2] Musciotto, F., Battiston, F. and Mantegna, R.N., 2022. Identifying maximal sets of significantly
interacting nodes in higher-order networks. arXiv preprint arXiv:2209.12712.

Joint work with Federico Musciotto and Federico Battiston

Session 3/ 74

On the origin of the correspondence between quantum integrable
system and classical models
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Authors: Davide Fioravanti'; Marco Rossi!

! Istituto Nazionale di Fisica Nucleare
Corresponding Authors: rossi@cs.infn.it, davide.fioravanti@bo.infn.it

I will discuss a non-perturbative procedure on how to derive a classical systems, in the form of
a Lax pair, from a quantum integrable model. I will exemplify the method by starting from the
quantum sine-Gordon model and deriving a Lax pair containing the solution of the classical sinh-
Gordon equation. The link between quantum and classical theory is provided by a Marchenko-
like equation, which descends from the quantum 7T'Q-system and is the basis for deriving the Lax
pair. This construction reverses and justifies the usual construction in the Ordinary Differential
Equation/Integrable Model correspondence.

The talk is based on paper arXiv: 2106.07600 with D.Fioravanti.

Session 1/ 75

Linking hubs, embryonic neurogenesis, transcriptomics and dis-
eases in human brain networks

Author: Paolo Bonifazi'

! 3IKERBASQUE: The Basque Foundation for Science, Bilbao, Spain

Linking hubs, embryonic neurogenesis, transcriptomics and diseases in human brain networks

L Diezl, F. Garcia-Moreno2,3, N. Carral-Sainz4, S. Stramaglia5, A. Nieto-Reyes4, M. D’Amato3,6, J.
Maria Cortes3,7, P. Bonifazi3,7

1Gordon Center for Medical Imaging, Department of Radiology, Massachusetts General Hospital,
Harvard Medical School, Boston, MA, USA.

2Achucarro Basque Center for Neuroscience, Scientific Park of the University of the Basque Country
(UPV/EHU), Leioa, Spain.

3IKERBASQUE: The Basque Foundation for Science, Bilbao, Spain.

4Departamento de Matematicas, Estadistica y Computacion, Facultad de Ciencias, Universidad de
Cantabria, Santander, Spain.

5Dipartimento Interateneo di Fisica, Universita degli Studi di Bari Aldo Moro, and INFN, Sezione di
Bari, Italy.

6Department of Medicine and Surgery, LUM University, Casamassima, Italy.

7Computational Neuroimaging Lab, Biocruces-Bizkaia Health Research Institute, Barakaldo, Spain.

corresponding author Paol.bonifazi@gmail.com - paolo.bonifazi@osakidetza.eus

The most characteristic anatomical property of brain networks is their organization across multiple
spatial scales. A key challenge is to decipher the rules of connectivity that shape brain networks
in order to understand how the brain works and how traumatic or neurological damage may affect
brain functionality[1]. The general structure and function of the human brain, and its internal con-
nectivity are all the result of its developmental history, which is at the same time the product of
evolution[2].

Small-world, scale-free or heavy-tailed distribution network organizations have been identified at
the structural-functional level in microcircuits, and in meso- and macro-scale networks[3].
Inspired by the Barabasi-Albert model [4] which showed that the principle “the rich gets richer”
(a.k.a. “preferential attachment”) led to scale-free networks and hubs in real-world networks, in this
work we test the hypothesis that the topology of brain networks could be shaped according to the
rule that “the older gets richer”, i.e. the evolutionary older circuits or those generated earlier in
embryogenesis are most central in the organization of the adult brain network[5].

As a consequence, we expect that quantification of the hubness of brain nodes (i.e. circuits) based
on metrics of centrality from complex networks should be correlated with circuits’embryogenic age.
We identified eighteen macro-circuits (MACs) according to their first (i.e. earliest) neurogenic time
(FirsT) during embryogenesis. Since MACs'volumes span across multiple scales, we studied the brain
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networks with two different spatial resolutions: a low resolution parcellation corresponding to the
eighteen MACs, and a high resolution parcellation composed of approximately two and half thou-
sand regions of interest (ROI) of similar volumes.

Structural and functional brain networks were obtained using 7 Tesla MRI images acquired within
the Human Connectome Project[6]. At high resolution level, we observed that FirsT reversely
shaped the nodes’centrality in the structural and functional networks, where highly central nodes
displayed respectively early and late FirsT. Distinctly, the structural and functional nodes’centrality
of the low-resolution MACs similarly correlated with FirsT, with higher centrality displayed in the
early born MACs. In addition, we observed that FirsT-lags reversely correlated with wiring proba-
bility and connection weight, so ROIs and MACs connected more and stronger with those at similar
age. Finally, brain transcriptomic analysis revealed also high association between genes’expression,
FirsT and nodes’centrality, in respect to physiological nervous system development and synapse reg-
ulation, and to neuropathological conditions. Notably, a significant rate of genes involved in major
neurological diseases such as epilepsy, Parkinson’s, Alzheimers’and autism spectrum disorder dis-
plays extreme correlation values with nodes’centrality (we especially mention high correlation for
highly studied genes such as SCN1A, SNCA and APOE). The results [7] provide a new multi-scale
evidence on how neurogenesis time shapes structural and functional networks, brain nodes’central-
ity and their transcriptomics in patho-physiological conditions and underlie two main neurogenesis
preferential wiring principles: “the older gets richer’and “preferential age attachment”.

References

[1]. Fox, M. D. Mapping Symptoms to Brain Networks with the Human Connectome. N Engl J Med
379, 2237-2245 (2013).

[2]. Cisek, P. & Hayden, B. Y. Neuroscience needs evolution. Phil. Trans. R. Soc. B 377, 20200518
(2022).

[3]. Bassett, D. S., Khambhati, A. N. & Grafton, S. T. Emerging Frontiers of Neuroengineering: A
Network Science of Brain Connectivity. Annu. Rev. Biomed. Eng. 19, 327-352 (2017).

[4]. Barabasi, A.-L. & Albert, R. Emergence of Scaling in Random Networks. Science 286, 509-512
(1999).

[5]. van den Heuvel, M. P. & Sporns, O. Network hubs in the human brain. Trends in Cognitive
Sciences 17, 683-696 (2013).

[6]. Elam, J. S. et al. The Human Connectome Project: A retrospective. Neurolmage 244, 118543
(2021).

[7]. Diez, L et al. “Older circuits get richer”: neurogenesis timeline shapes hubness and neurogenetic
profiles of the adult human brain. BioRxiv, doi: https://doi.org/10.1101/2022.04.01.486541

Session 7B/ 76

Territorial bias in university rankings: a complex network ap-
proach

Authors: Alfonso Monaco'; Loredana Bellantuono'; Angela Lombardi?; Annamaria Demarinis Loiotile*; Marco
Bardoscia?; Nicola Amoroso!; Roberto Bellotti'; Sabina Tangarol; Vincenzo Aquaro5

! Universita degli Studi di Bari Aldo Moro, Istituto Nazionale di Fisica Nucleare
? Politecnico di Bari

3 Politecnico di Bari, Universitd degli Studi di Bari Aldo Moro

* Bank of England, London, University College London

3 United Nations Department of Economic and Social Affairs (DESA)

Corresponding Author: loredana.bellantuono@ba.infn.it

University rankings are increasingly adopted for academic comparison and success quantification,
even to establish performance-based criteria for funding assignment. However, rankings are not
neutral tools, and their use frequently overlooks disparities in the starting conditions of institutions.
In this research, we detect and measure structural biases that affect in inhomogeneous ways the
ranking outcomes of universities from diversified territorial and educational contexts. Moreover, we
develop a fairer rating system based on a fully data-driven debiasing strategy that returns an equity-
oriented redefinition of the achieved scores. The key idea consists in partitioning universities in
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similarity groups, determined from multifaceted data using complex network analysis, and referring
the performance of each institution to an expectation based on its peers. Significant evidence of
territorial biases emerges for official rankings concerning both the OECD and Italian university
systems, hence debiasing provides relevant insights suggesting the design of fairer strategies for
performance-based funding allocations.

Session 3/ 77

Lattice Gauge Theories at finite density with Tensor Networks

Author: Giuseppe Magnifico'

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: giuseppe.magnifico@pd.infn.it

Gauge theories are of paramount importance in our understanding of fundamental constituents of
matter and their interactions, ranging from high-energy particle physics to low-temperature quan-
tum many-body physics. However, the complete characterization of their phase diagrams and the
full understanding of non-perturbative effects are still debated, especially at finite charge density,
mostly due to the sign-problem affecting Monte Carlo numerical simulations. In recent years, a com-
plementary numerical approach, Tensor Networks (TN) methods, in strict connection with emerg-
ing quantum technologies, have found increasing applications for studying Lattice Gauge Theories
(LGTs) in low-dimensional systems. In this talk, I will present some recent results concerning the ex-
tension of TN algorithms to high-dimensional LGTs including dynamical matter. In particular, I will
focus on their application to a compact Quantum Electrodynamics at zero and finite charge densities,
addressing questions such as the characterization of collective phases of the model, the presence of
confining phases at large gauge coupling, and the study of charge-screening effects.

Main references:
- G. Magnifico, T. Felser, P. Silvi, and S. Montangero, Nature Communications 12, 3600 (2021).
- M. Rigobello, S. Notarnicola, G. Magnifico, and S. Montangero, Phys. Rev. D 104, (2021).

Session 1/ 78

Challenges in Programming Recent HPC Processors

Author: Sebastiano Schifano!

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: schifano@fe.infn.it

Recent processors commonly used for HPC applications heavily rely on multi-threading and vec-
torization design to deliver high performance computing throughput. Exploiting these features effi-
ciently in applications is not however an easy task, and several programming strategies have to be
put in place to be able to exploit at best the computing performance. The aim of this talk is then to
highlight the issues that programmers may encounter in programming recent processors, focusing
on discussing the most relevant strategies and methodologies to program recent multi- and many-
core architectures for lattice-based applications. Using codes based on Lattice Boltzmann Methods,
the talk will present the major programming issues that are relevant to exploit a large fraction of
available peak performance of the target processors, giving various programming solutions to get
high efficiency of execution. The talk takes into account multi-core processors based on “traditional”
core-architecture, as well as many-core systems such as GP-GPUs and Intel Xeon-Phi. It also con-
siders several memory data-layouts to store the lattice domain, that meet the conflicting computing
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requirements of distinct parts of the application, and sustain a large fraction of peak performance
both in terms of computing and memory throughput.

Session 6 / 79

Computational Physics for Theoretical Cosmology

Author: Massimiliano Lattanzi'

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: lattanzi@fe.infn.it

In my talk, I will review the use of HPC resources in the field of theoretical cosmology, focusing on
the research activity carried on within the INFN “Iniziativa specifica” InDark (Inflation, Dark Mat-
ter, Large Scale Structure of the Universe). Advanced computing allows to tackle different classes
of problems of great importance for current cosmological research, including structure formation,
higher-order statistics of cosmological fields, and inference problems in a large number of dimen-
sions.

Session 8 B/ 80

Morphology and dynamics of phase separation in two-dimensional
active systems

Author: Claudio Basilio Caporusso'

Co-authors: Antonio Suma ?; Pasquale Digregorio '; Giuseppe Gonnella '; Demian Levis ; Leticia Cugliandolo
3

! Istituto Nazionale di Fisica Nucleare
2 SISSA

* University of Paris

Corresponding Authors: demianparatodos@gmail.com, antonio.suma@gmail.com, giuseppe.gonnella@ba.infn.it,
claudio.caporusso@ba.infn.it, pasquale.digregorio@ba.infn.it

Active (or self-propelled) particles constantly consume internal energy to move in the environment,
constantly preventing the system to reach equilibrium. This allows for a variety of fascinating phe-
nomena to appear, such as the phase separation into a dense and a dilute phase in the complete ab-
sence of attractive interactions, known as motility-induced phase separation (MIPS) [1]. Although
MIPS retains many aspects of gas-liquid demixing at equilibrium, its inherent non-equilibrium ori-
gin leads to a new physical phenomenology. Here we illustrate some of the peculiar features of the
MIPS dynamics in numerical simulations of 2d self-propelled disks [2].

We show the presence of another ordering mechanism beyond the equilibrium-like phase separation,
namely the micro-phase separation of hexatic domains and vapor bubbles within dense clusters of
particles [3]. We studied the steady-state size of these structures and found that it can be directly
controlled by tuning the self-propulsion strength of the individual particles.

We also provide a detailed analysis of the dynamics of individual clusters during the phase sepa-
ration process [4]. We show that active clusters have diffusive behavior that is enhanced by the
self-propulsion strength and that the diffusion coefficient depends in a non-trivial way on the to-
tal mass of the cluster, which is a pure non-equilibrium effect induced by self-propulsion. Finally,
we show that cluster diffusion controls the phase separation process of the system and leads to the
formation of larger structures characterized by a fractal geometry.
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Defect-Mediated Morphogenesis
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Corresponding Author: l.n.carenza@umail leidenuniv.nl

It has been a long-standing mystery how complex biological structures emerge during embryonic
development from such seemingly uncoordinated building blocks as cells and tissues without guid-
ance. Recent experiments have suggested that misalignment in the collective structure of tissues —
the so called topological defects—could play a fundamental guiding role in morphogenesis. Inspired
by tentacle development in the Hydra and using a combination of linear stability analysis and com-
putational fluid dynamics we demonstrate that active layers, such as cell monolayers, are unstable to
the formation of protrusions in the presence of disclinations. To this aim, we considered a thin layer
of active polar gel [1] confined at the interface between two passive and isotropic fluids in a cylin-
drical geometry to stabilize a +1 topological defect. Under the effect of the active stress, the system
generates in-plane vortical flow, consistently with a classic result by Kruse et al. [2]. Importantly,
this active flow yet plays a crucial role in driving the active membrane out of its flat configuration
and buckle out of plane. Indeed, the buckling instability, analytically predicted here, originates from
the interplay between the focusing of the elastic forces, mediated by defects, and the renormaliza-
tion of the system’s surface tension due to the active vortical flow. Finally, to make progress beyond
analytical predictions, we support our findings with 3D numerical simulations. First, we recover
the predicted instabilities, then we focus on the post-transitional scenario and we find a plethora
of complex morphodynamical processes, such as oscillatory deformations, droplet nucleation, and
active turbulence [3,4].

1. M.C. Marchetti, J.F. Joanny, et al, Rev. Mod. Phys. 85, 1143 (2013).
2. K. Kruse, ]J.F. Joanny, et al, Phys. Rev. Lett. 92, 078101 (2004).
3. L. Hoffmann, L.N. Carenza, J. Eckert and L. Giomi, Sci. Adv. 8, eabk2712 (2022).

4. L. Hoffmann, L.N. Carenza and L. Giomi, arXiv:2205.06805 (on review).

Session 3 B / 82

Microscopic theory for the diffusion of an active particle in a
crowded environment

Authors: Alessandro Sarracino!; Olivier Bénichou?; Pierre Illien?; Pierre Rizkallah?
! Dipartimento di Ingegneria, Universitd della Campania “L. Vanvitelli”
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We study the diffusion coefficient of an active tracer in a schematic crowded environment, repre-
sented as a lattice gas of passive particles with hardcore interactions. Starting from the Master
Equation of the problem, we put forward a closure approximation that goes beyond trivial mean
field and provides the diffusion coefficient for arbitrary density. The approximation is accurate for
a wide range of parameters and correctly captures numerous nonequilibrium effects, which are the
signature of the activity in the system. Preliminary results on the phenomenon of absolute negative
mobility when the tracer is driven by an external force are also discussed.

Session 8 B/ 83

Thermalization with a multibath: an investigation in simple mod-
els

Authors: Federico Corberi'; Giovanni Battista Carollo?; Giuseppe Gonnella?

' SA

? Istituto Nazionale di Fisica Nucleare
Corresponding Authors: giovanni.carollo@ba.infn.it, corberi@sa.infn.it, giuseppe.gonnella@ba.infn.it

We study analytically and numerically a couple of paradigmatic spin models, each described in terms
of two sets of variables attached to two different thermal baths with characteristic timescales 7" and
7 and inverse temperatures B and 3.

In the limit in which one bath becomes extremely slow (7 — ©0), such models amount to a para-
magnet and to a one-dimensional ferromagnet, in contact with a single bath. We show that these
systems reach a stationary state in a finite time for any choice of B and 8. We determine the non-
equilibrium fluctuation-dissipation relation between the autocorrelation and the response function
in such state and, from that, we discuss if and how thermalization with the two baths occurs and the
emergence of a non-trivial fluctuation-dissipation ratio.

Session4 B / 84

A dynamic-Immersed Boundary approach for blood-borne cells
transport

Author: Alessandro Coclite’

! Dipartimento di Ingegneria Elettrica e dell’ Informazione (DEI) - Politecnico di Bari
Corresponding Author: alessandro.coclite@poliba.it

Here a numerical framework for computing the vascular journey of microsized particles is pre-
sented. The incompressible Navier—Stokes equation is modeled through an incompressible BGK-
Lattice Boltzmann scheme. The discrete Boltzmann equation is endowed with a forcing term account-
ing for the presence of immersed geometries. Dirichlet boundary conditions are imposed on moving
deformable or rigid geometries through a dynamic-Immersed Boundary method, while, on fixed im-
mersed geometries a second-order bounce-back technique is adopted. The proposed computational
framework is employed to detail transport, dynamic, and deformation of micrometric capsules into a
microfluidic bifurcation. This journey is characterized in terms of: i) the capsule/bifurcation interac-
tion depending on the sharpness of the bifurcation junction; ii) daughter branches aperture angle; iii)
occlusion ratio, ratio between capsule size and main channel diameter; iv) flowing capsules stiffness;
v) number of flowing particles.
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Session 7 / 85

Entanglement entropy from non-equilibrium lattice simulations

Author: Andrea Bulgarelli'
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Corresponding Authors: marco.panero@to.infn.it, andrea.bulgarelli@to.infn.it

The entanglement entropy is a quantity encoding important features of strongly interacting quan-
tum many-body systems and gauge theories, but its analytical study is still limited to systems with
high level of symmetry. This motivates the search for efficient techniques to investigate this quan-
tity numerically, by means of Monte Carlo calculations on the lattice.
In this talk, we present a lattice determination of the entropic c-function by means of a novel algo-
rithm based on Jarzynskis equality: an exact theorem from non-equilibrium statistical mechanics.
After presenting benchmark results for the Ising model in two dimensions, where our algorithm suc-

cessfully reproduces the analytical predictions from conformal field theory, we discuss its general-
ization to three dimensions and comment on potential future applications to gauge theories.

Session 10/ 86

On fits to correlated and auto-correlated data

Author: Mattia Bruno’

! Universita’ di Milano-Bicocca
Corresponding Author: mattia.bruno@cern.ch

Observables in particle physics and specifically in lattice QCD calculations are often extracted from
fits. Standard chi”2 tests require a reliable determination of the covariance matrix and its inverse
from correlated and auto-correlated data, a challenging task often leading to close-to-singular esti-
mates. These motivate modifications of the definition of chi*2 such as uncorrelated fits. We show

how the goodness-of-fit measured by their p-value can still be estimated robustly for a broad class
of such fits.

Session 5/ 87

Computational Challenges in Lattice QCD

Author: Francesco Sanfilippo’

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: francesco.sanfilippo@infn.it

In this talk I will review recent progress and open challenges of nonperturbative calculations on
the lattice. I will discuss novel mathematical approaches, improved numerical algorithms, and unre-
solved issues covering several aspects of the strong interaction phenomenology.

Page 13



SM&FT 2022 - The XIX Workshop on Statistical Mechanics and nonper... / Book of Abstracts

Session 7 B/ 88

Work fluctuations in the harmonic Active Ornstein—Uhlenbeck
particle model

. 1. e 2 T 1 1
Authors: Antonio Suma'; Giuseppe Gonnella®; Massimiliano Semeraro’; Marco Zamparo

U Universita degli STudi di Bari,INFN - sezione di Bari
? Universita degli Studi di Bari, INFN - sezione di Bari

Corresponding Author: massimiliano.semeraro@ba.infn.it

Over the past few years great interest arose in providing a thermodynamic description of Active Mat-
ter Systems, a class of non-equilibrium systems in which the single components are able to transform
energy into self-propelled motion. A measure of the transformation efficiency is provided by the Ac-
tive Work performed by active particles. The distribution of such an observable has been object of
recent research [1] as possible singularities signal the occurrence of Dynamical Phase Transitions
(DPTs) [2,3], in turn related to peculiar trajectory realisations.

In light of this scenario, we focus on a single overdamped harmonically trapped Active Ornstein-
Uhlenbeck Particle and provide the analytic expression for the scaled cumulant generating function
(SCGF) of the Active Work obtained using the large deviation theory recently developed for quadratic
functionals of stable Gauss-Markov chains [4]. Interestingly, we find the SCGF to be non-steep in
many physical situations and we provide insight on the effect of relevant system parameters, such
as the Peclet number, on the SCGF steepness trough a phase diagram in the system parameter space.
Through Legendre-Fenchel transform, the SCGF steepness is shown to lead to singular rate functions
with linear tails, and ultimately to the occurrence of DPTs also in this system. We also investigate
on the role of initial and final condition in producing the consequent anomalous trajectories.

[1] Semeraro M. et al, J Stat Mech, 2021
[2] Cagnetta F. et al., PRL, 2017

[3] Keta YE. et al., PRE, 2021

[4] Zamparo et al., arXiv, 2022

2
3
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Turbulent Inverse cascade in quantum fluids of light
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Riccardo Panico °; Daniele Sanvitto %; Dimitrios Trypogeorgos 2

' CNR NANOTEC and INFN
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Corresponding Author: alessandra.lanotte@gmail.com

We study the turbulent dynamics of a 2D quantum fluid of exciton-polaritons, hybrid light-matter
quasiparticles, by measuring the kinetic energy spectrum and the onset of vortex clustering. We
demonstrate that the formation of clusters of quantum vortices is triggered by the increase of the
incompressible kinetic energy per vortex, showing the tendency of the vortex-gas towards highly
excited configurations despite the dissipative nature of our system. Our results lay the basis for the
investigation of quantum turbulence in two-dimensional fluids of light.

Page 14



SM&FT 2022 - The XIX Workshop on Statistical Mechanics and nonper... /Book of Abstracts

Session 7 / 90

Stochastic normalizing flows as non-equilibrium transformations
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Normalizing Flows are a class of deep generative models recently proposed as a promising alternative
to conventional Markov Chain Monte Carlo simulations to sample lattice field theory configurations,
since they provide a unique approach to potentially avoid the large autocorrelations that characterize
Monte Carlo simulations close to the continuum limit. In this talk we explore the novel concept of
Stochastic Normalizing Flows (SNFs), in which neural-network layers are combined with traditional
Monte Carlo updates: in particular, we show how SNFs share the same theoretical framework of
out-of-equilibrium simulations based on Jarzynski’s equality. We discuss how this connection can
be exploited to optimize the efficiency of this extended class of generative models and we present
some numerical results in the 2d ¢* scalar field theory.

Session3B /91

A predictive model for the thermomechanical melting transition
of double stranded DNA

Author: Giuseppe Florio'

Co-author: Giuseppe Puglisi

'BA
Corresponding Author: giuseppe.florio@ba.infn.it

By extending the classical Peyrard-Bishop model, we are able to obtain a fully analytical description
for the mechanical response of DNA under stretching at variable values of temperature, number
of base pairs and intrachains and interchains bonds stiffness. In order to compare elasticity and
temperature effects, we first analyze the system in the zero temperature mechanical limit, important
to describe several experimental effects including possible hysteresis. We then analyze temperature
effects in the framework of equilibrium statistical mechanics. In particular, we obtain an analytical
expression for the temperature-dependent melting force and unzipping assigned displacement in
the thermodynamical limit, also depending on the relative stability of intra vs inter molecular bonds.
Such results coincide with the purely mechanical model in the limit of zero temperature and with
the denaturation temperature that we obtain with the classical transfer integral method. Based
on our analytical results, explicit analysis of the phase diagrams and cooperativity parameters are
obtained, where also discreteness effect can be accounted for. The obtained results are successfully
applied in reproducing the thermomechanical experimental melting of DNA and the response of
DNA hairpins. Due to the generality of the model, exemplified in the proposed analysis of both
overstretching and unzipping experiments, we argue that the proposed approach can be extended
to other thermomechanically induced molecular melting phenomena.

Session 7 B/ 92
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Long-range quenched disorder in the bidimensional Potts model.
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In collaboration with M. Picco and Raoul Santachiara, we tackled the problem of weak disordered
bi-dimensional Potts model at criticality.

The aim of this study is to understand how the critical properties of the pure (P) model are modified
by the addition of long-range-correlated disorder on the spin-couplings, i.e. the random-bond Potts
model.

For uncorrelated or short range (SR) disorder the answer is given by the Harris criterion, [5].

We, instead, analysed the case where the couplings, J(z) > 0, are drawn from an isotropic-long-
range-correlated-bimodal probability distribution, whose second cumulant, decreases as a power-
law for large distances, g(|x|) ~ |z|~®. The extended Harris criterion, [6], determine in which
region of the parameters (g, a) the disorder is relevant.

When a > d = 2, the critical behavior of the system is expected to be the same as the one with SR
disorder.

The behavior of the Potts model when the long-range (LR) is dominant over the SR is much less
understood.

We studied the SR-LR crossover for ¢ € {1,2,3} on the self-dual critical line. These ¢ values are
representative for all ¢, since the SR disorder is respectively irrelevant, marginal and relevant .

By tuning the range of the correlation, the strength of the disorder, and by measuring the fractal
dimension of the Fortuin-Kasteleyn (FK) clusters, d ¢, we gained information about the fixed-points
stability in different phases of the renormalisation group (RG) flow. We established the existence of
an LR fixed point for all values of ¢ > 1. Also, for ¢ = 1, a 1-loop RG computation, done above the
upper critical dimension, predicted the existence of a Long Range percolation (LRp) point. This is in
agreement with our study in d = 2.

Furthermore, we built a unifying phase diagram a vs. ¢ describing the crossover among LR-SR, LR-P
and LR-LRp physics.

Session 2/ 93

Trapping active particles up to the limiting case: bacteria enclosed
in a biofilm

Author: Chantal Valeriani®

! Universidad Complutense de Madrid
Corresponding Author: cvaleriani@ucm.es

Active matter systems are composed of constituents, each one in nonequilibrium, that consume en-
ergy in order

to move [1]. A characteristic feature of active matter is collective motion leading to nonequilibrium
phase

transitions or large scale directed motion [2]. A number of recent works have featured active par-
ticles interacting with obstacles, either moving or fixed [3,4,5]. When an active particle encounters
an asymmetric obstacle, different behaviours are detected

depending on the nature of its active motion. On the one side, rectification effects arise in a suspen-
sion of run-and-tumble particles interacting with a wall of funnelled-shaped openings, caused by
particles persistence length [6]. The same trapping mechanism could be responsible for the intake

Page 16



SM&FT 2022 - The XIX Workshop on Statistical Mechanics and nonper... /Book of Abstracts

of microorganisms in the underground leaves [7] of Carnivorous plants [8].

On the other side, for aligning particles [9] interacting with a wall of funnelled-shaped openings,
trapping

happens on the (opposite) wider opening side of the funnels [10,11]. Interestingly, when funnels
are located on a circular array, trapping is more localised and depends on the nature of the Vicsek
model. Active particles can be synthetic (such as synthetic active colloids) or alive (such as living
bacteria). A prototypical model to study living microswimmers is P. fluorescens, a rod shaped and
biofilm forming bacterium. Biofilms are microbial communities self-assembled onto external inter-
faces. Biofilms can be described within the Soft Matter physics framework [12] as a viscoelastic
material consisting of colloids

(bacterial cells) embedded in a cross-linked polymer gel (polysaccharides cross-linked via proteins/multivalent
cations), whose water content vary depending on the environmental conditions. Bacteria embedded
in the

polymeric matrix control biofilm structure and mechanical properties by regulating its matrix com-
position. We

have recently monitored structural features of Pseudomonas fluorescens biofilms grown with and
without

hydrodynamic stress [13,14]. We have demonstrated that bacteria are capable of self-adapting to
hostile

hydrodynamic stress by tailoring the biofilm chemical composition, thus affecting both the mesoscale
structure

of the matrix and its viscoelastic properties that ultimately regulate the bacteria-polymer interac-
tions.
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Quantum Simulations of Abelian Gauge Theories
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We propose an implementation of a two-dimensional Z2 lattice gauge theory model on a shallow
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quantum circuit, involving a number of single- and two-qubit gates comparable to what can be
achieved with present-day and near-future technologies. The ground-state preparation is numeri-
cally analyzed on a small lattice with a variational quantum algorithm, which requires a small num-
ber of parameters to reach high fidelities and can be efficiently scaled up on larger systems. Despite
the reduced size of the lattice we consider, a transition between confined and deconfined regimes can
be detected by measuring expectation values of Wilson loop operators or the topological entropy. At
the end we will discuss extensions to ZN aas well as non-abelian theories with finite group.

Session 3 B/ 95

Ordering kinetics with long-range interactions

Author: Federico Corberi’
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Corresponding Author: corberi@sa.infn.it

We discuss the phenomenon of phase-ordering after a temperature quench in systems with long-
range interactions decaying with distance r as r~“, focusing mainly on the Ising model in d = 1.
For ao > d one observes formation and growth of ordered domains, with scaling exponents continu-
ously depending on

a. For a = 0 one has mean field, where the system coherently orders without domains formation.
Fora <d

there is an hybrid situation where both mean-field like and coarsening like behaviors are observed
as different statistical realizations of the process are considered.

Session 3 B / 96

Localization, negative temperatures and ensemble inequivalence
in the discrete nonlinear Schrodinger equation: alarge deviations
approach.
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We present a detailed account of a first-order localization transition in the discrete nonlinear Schrodinger
equation, where the localized phase is associated with the high energy region in parameter space
[1,2]. We show that, due to ensemble inequivalence, this phase is thermodynamically stable only in
the microcanonical ensemble. In particular, we obtain an explicit expression of the microcanonical
entropy close to the transition line, located at infinite temperature. This task is accomplished by
making use of large-deviation techniques, that allow us to compute, in the limit of large system size,
also the subleading corrections to the microcanonical entropy. These subleading terms are crucial in-
gredients to account for the first-order mechanism of the transition, to compute its order parameter
and to predict the existence of negative temperatures in the localized phase.

[1] “Condensation transition and ensemble inequivalence in the discrete nonlinear Schrédinger equa-
tion”,

G. Gradenigo, S. Iubini, R. Livi, S. N. Majumdar, Eur. Phys. J. E 44, 1-6 (2021).

[2] “Localization transition in the discrete nonlinear Schrédinger equation: ensembles inequivalence
and negative

temperatures”, G. Gradenigo, S. Iubini, R. Livi, S. N. Majumdar, J. Stat. Mech. 023201 (2021).
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Session 10/ 97

Flux tubes and quark confinement in QCD

Author: Volodymyr Chelnokov’

Co-authors: Marshall Baker %; Leonardo Cosmai *; Francesca Cuteri *; Alessandro Papa 3

! Institute for Theoretical Physics, Goethe University Frankfurt
% Department of Physics, University of Washington
? Istituto Nazionale di Fisica Nucleare

* Goethe Universitdt - Frankfurt am Main

Corresponding Authors: cuteri@itp.uni-frankfurt.de, chelnokov@itp.uni-frankfurt.de, mbaker4@uw.edu, papa@cs.infn.it,
leonardo.cosmai@ba.infn.it

The quark confinement in QCD is well established both experimentally and by the numerical lat-
tice simulations showing a linearly growing quark-antiquark potential. The confinement is further
evidenced by the chromoelectric field between a static quark-antiquark pair concentrating in a tube-
like structure called a flux tube.

This talk is a review of the recent results establishing the spatial structure of the flux tubes both in
pure gauge theories and in QCD with dynamical quarks and the insights that these results can bring
to understanding confinement.

Session 4 / 98

Dynamical quantum phase transitions of the Schwinger model:
real-time dynamics on IBM Quantum

Authors: Cosmo Lupol; Domenico Pomarico?; Francesco Vincenzo Pepez; Leonardo Cosmai?; Paolo Facchi?; Save-
rio Pascazio®

! Politecnico di Bari

2 Istituto Nazionale di Fisica Nucleare

Corresponding Authors: saverio.pascazio@ba.infn.it, fpepe@ba.infn.it, domenico.pomarico@ba.infn.it, cosmo.lupo@poliba.it,
paolo.facchi@ba.infn.it, leonardo.cosmai@ba.infn.it

A striking quest for quantum computing applications in available platforms is spanning across a wide
range of topics. The framework of lattice gauge theories in the Hamiltonian formulation is tested
through a simple quantum system. Limitations in the simulation capabilities are imposed by noise af-
fecting the gates elaboration of quantum states, combined in the decomposition of Trotter evolution
according to single and double qubit gates to implement real-time dynamics. Experimental results
collected on IBM Quantum are compared with noise models to identify most characterizing param-
eters, in the absence of any error correction or mitigation. Proposed simulations of the Schwinger
model quenched dynamics represent a paradigmatic use case scenario, based on input states prepa-
ration, evolution and measurement in a noisy environment, well suited to test quantum hardware
capabilities.

Session 8 / 99

QCD phase diagram in strong magnetic background

Authors: Alfredo Stanzione'; Francesco Sanﬁlippol; Lorenzo Maio!; Massimo D’Elia’
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! Istituto Nazionale di Fisica Nucleare

Corresponding Authors: alfredostanzione2@gmail.com, francesco.sanfilippo@infn.it, lorenzo.maio@phd.unipi.it,
massimo.delia@pi.infn.it

A background magnetic field is able to alter the confinement and chiral properties of QCD. We study
the effects of two extremely strong magnetic background intensities, namely e B = 4 and 9 GeV?, on
the phase structure of the QCD with 241 flavors at the physical point, by means of lattice simulations.
We find evidences for a first order phase transition in the stronger magnetic field, occurring at an
unexpected low temperature: about 60 MeV. Then, we provide the updated phase diagram of the
QCD in a background magnetic field.

Session 4 / 100

Topological susceptibility in high-7" N; = 241 QCD via staggered
spectral projectors

Authors: Andreas Athenodorou!; Antonino Todaro?; Claudio Bonanno®; Claudio Bonati; Francesco D’Angelo4;
Francesco Sanﬁlippo5; Giuseppe Clemente’; Guido Martinelli’; Lorenzo Maio*; Massimo D’Elia*

' Computation-based Science and Technology Research Center, The Cyprus Institute

? Department of Physics, University of Cyprus; Faculty of Mathematics and Natural Sciences, University of Wuppertal;
Dipartimento di Fisica, Universita di Roma “Tor Vergata’

* INFN Firenze

* Universita di Pisa and INFN Sezione di Pisa

> INEN Sezione di Roma Tre

¢ Deutsches Elektronen-Synchrotron (DESY)

” Dipartimento di Fisica and INFN Sezione di Roma “La Sapienza”

Corresponding Authors: claudio.bonati@unipi.it, giuseppe.clemente@desy.de, claudio.bonanno@fi.infn.it, lorenzo.maio@phd.unipi
a.athenodorou@cyi.ac.cy, guido.martinelli@romal.infn.it, massimo.delia@unipi.it, francesco.sanfilippo@infn.it, francesco.dangelo@p!
atodar01@ucy.ac.cy

We focus on the computation of the topological susceptibility of Ny = 2 + 1 QCD at the physical
point for some temperatures above 1. ~ 155 MeV. Topological fluctuations are enhanced by using
a multicanonical approach and the susceptibility is computed by adopting the spectral projectors
over the eigenmodes of the staggered Dirac operator. This method allows to reduce lattice artifacts
affecting the standard gluonic definition, making the continuum limit extrapolation more reliable
and providing a better control on the systematics.

Session 9/ 101

Thermodynamic limits of sperm swimming precision.

Author: Andrea Puglisi'

' CNR-ISC and Sapienza Roma
Corresponding Author: andrea.puglisi@romal.infn.it

I will briefly review the simplest thermodynamic uncertainty relation (TUR) and then I will show
how it applies to the beating of a sperm’s flagellum. Experiments show that the maximum precision
is 10"(-2) s*(-1) which is of the same order of the maximum precision of each of the N \sim 10"5
dynein molecular motors that actuate the flagellum. For a molecular motor the TUR bound is almost
saturated, this means that for the whole flagellum, that consumes N times the power of a single
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motor, the TUR largely overestimate the precision. Additional experiments however demonstrate
that when the power consumption decays (e.g. under oxygen deprivation) the precision decays
according to the TUR. These observations suggest a scenario where the dynamics of the N motors
is highly coordinated, the motors fluctuations are correlated and the whole flagellum inherits their
low precision. I will conclude showing how a well established model for active flagellar beating
can be modified to incorporate the correlation ingredient, reproducing the observed experimental
behavior.

Session 5/ 102

Identifying informative distance measures in high-dimensional
feature spaces

Author: Alessandro Laio™™

Corresponding Author: laio@sissa.it

Real-world data in physical chemistry, material science and beyond typically contain a large number
of features that are often heterogeneous in nature, relevance, and also units of measure.

When assessing the similarity between data points, one can build various distance measures using
subsets of these features.

Finding a small set of features that still retains sufficient information about the dataset is important
for the successful application of many statistical learning approaches. We introduce a statistical test
that can assess the relative information retained when using two different distance measures, and
determine if they are equivalent, independent, or if one is more informative than the other. This
ranking can in turn be used to identify the most informative distance measure and, therefore, the
most informative set of features, out of a pool of candidates. The approach is applied to find the
most relevant policy variables for controlling the Covid-19 epidemic and to identify compact yet
informative descriptors for atomic structures.

We further provide evidence that the information asymmetry measured by the proposed test can be
used to infer relationships of causality between the features of a dataset.

Session 4/ 103

From classical to quantum Markov chains: known and new re-
sults

Author: Daniele Amato’

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: daniele.amato@ba.infn.it

Since the first years of the 20th century, classical Markov chains have been a standard theoretical
tool to model the statistics of a huge plethora of phenomena in physics, economics, biology, etc.
Also, they are intensively used for Monte Carlo simulations [1]. The mathematical properties of
these stochastic processes have been still studied over the last years because of their broad interest

[2].

In this talk we will focus our attention on quantum Markov chains, the quantum counterpart of
classical ones, commonly used in quantum information theory but also employed to describe neural
networks [3]. Specifically, we will discuss known and new results about the asymptotics of these
chains [4], comparing them with the analogous findings in the classical setting.

Joint work with P. Facchi and A. Konderak.

References:
[1] S. Brooks, J. R. Stat. Soc., 47 69 (1998);
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[2] F. Fidaleo, and E. Vincenzi, Stochastics, 1 (2022);
[3] M. Lewenstein et al., Quantum Sci. Technol., 6 045002 (2021) ;
[4] D. Amato et al., arXiv:2210.17513 [quant-ph] (2022).

Session 4 / 104

Lattice determination of the topological susceptibility slope Y’ of
2d CPY ! models at large N

Author: Claudio Bonanno'!

! INFN Firenze
Corresponding Author: claudio.bonanno@fi.infn.it

We compute the topological susceptibility slope X/, related to the second moment of the two-point

correlator of the topological charge density, of 2d CPY ™! models for N = 5,11, 21 and 31 from
lattice Monte Carlo simulations. Our strategy consists in performing a double limit: first, we take the
continuum limit of x’ at fixed smoothing radius in physical units; then, we take the zero-smoothing-
radius limit. Since the same strategy can also be applied to 4d gauge theories and full QCD, where
X' plays an intriguing theoretical and phenomenological role, this work constitutes a step towards
the lattice investigation of this quantity in such models.

Session 7 / 105

Lindblad master equation approach to the topological phase tran-
sition in the disordered Su-Schrieffer-Heeger model

Authors: Andrea Nava'; Gabriele Campagnano™°™; Pasquale Sodano?; Domenico Giuliano’

! Istituto Nazionale di Fisica Nucleare

? INFN

Corresponding Authors: pasquale.sodano@pg.infn.it, giuliano@cs.infn.it, andrea.nava@fis.unical.it, g.campagnano@gmail.com
We use the Lindblad equation method to investigate the onset of a mobility edge and the topological
phase transition in the disordered Su-Schrieffer-Heeger chain connected to two external baths in the
large bias limit. From the scaling properties of the nonequilibrium stationary current flowing across
the system, we recover the localization/delocalization in the disordered chain.
To probe the topological phase transition in the presence of disorder, we use the even-odd differential

occupancy as a mean to discriminate topologically trivial from topologically nontrival phases in the
out-of-equilibirum system.

Session 1/ 106
Nonequilibrium thermodynamics of DNA nanopore unzipping
Author: Cristian Micheletti'

! SISSA
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Corresponding Author: michelet@sissa.it

We report on the systematic characterization of DNA unzipping via nanopore translocation. We
show that at intermediate forces (20-60pN range) the unzipping process is drift-diffusive and can
be modelled as a one-dimensional stochastic process in a tilted periodic potential. With a suitable
and transferable theoretical analysis of the driven translocation trajectories we recover the effec-
tuve potential and demonstrate that it corresponds to the free-energy landscape of the unzipping
process. The results imply that the the DNA-unzipping thermodynamics can be recovered from out-

of-equilibrium translocation trajectories, paving the way for broader uses of the method in single-
molecule contexts.

Session 6 / 107

Topology in Lattice QCD

Author: Maria Paola Lombardo’

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: lombardo@fi.infn.it

We discuss methods and results on QCD topological studies on the lattice.

We review the interrelation of topology with chiral and axial symmetries,

and the effects on the meson spectrum in the different phases of QCD. We comment
on topological aspects of dense matter, and we discuss the high temperature

limit. We discuss the extrapolations needed to reach the regime of cosmological
relevance, and the resulting constraints on the QCD axion mass.

Session 8 / 108

Quantum computing algorithms for the investigation of the ther-
modynamic properties of physical systems

Author: Kevin Zambello®

Co-authors: Claudio Bonati 2; Giuseppe Clemente 2. Massimo D’Elia %; Lorenzo Maio *; Pariente Ruben °

! University of Pisa and INFN Sezione di Pisa
2 PI

* Universita di Pisa and INFN Sezione di Pisa
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Corresponding Authors: kevin.zambello@pr.infn.it, lorenzo.maio@phd.unipi.it, claudio.bonati@unipi.it, r.pariente@studenti.unipi.it,
massimo.delia@unipi.it, giuseppe.clemente@desy.de

Quantum computing is a promising approach to avoid the sign problem that hinders the numerical
simulation of many interesting physical systems. Here we report some progress on the applica-
tion of quantum computing algorithms to the study of the thermodynamics for the one-dimensional
Hubbard model, which can be regarded as a prototype for more complex theories having non-trivial
fermionic degrees of freedom. We also explore the effectiveness of different quantum error mitiga-
tion strategies for simulating the real time evolution on IBM quantum computers.
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Session 4 / 109

Lattice study of electromagnetic conductivity of quark-gluon plasma
at finite baryon density and magnetic field

Author: Manuel Naviglio'

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: manuel.naviglio@phd.unipi.it

In this talk we present our study of the electromagnetic conductivity in dense quark-gluon plasma
obtained within lattice simulations with N; = 2 + 1 dynamical quarks. We employ stout improved
rooted staggered quarks at the physical point and the tree-level Symanzik improved gauge action.
To reconstruct electromagnetic conductivity from current-current correlators, we employ the modi-
fied Backus-Gilbert, computing the convolution of the spectral density with the target function. The
computation of the conductivity is performed both in presence of non zero chemical potential and
in presence of strong magnetic field. In the first case, the simulations are performed at imaginary
chemical potential. Then, the results are analytically continued to real values of baryon chemical po-
tential. Our study indicates that electromagnetic conductivity of quark-gluon plasma rapidly grows
with the real baryon density. In the second case, we studied the conductivity of QGP in presence of
two large values of the magnetic field, namely eB = 4,9 GeV2. Our results may indicate a mani-
festation of the Chiral Magnetic Effect (CME). The conductivity is also studied at different values of
the temperature for both the values of the magnetic fields. This allows us to extract the temperature
dependence of the relaxation time related to the decrease of chirality due to the chirality-changing
processes.

Session 3B/ 110

Towards learning a Lattice Boltzmann collisional operator

Authors: Alessandro Gabbana“°"; Alessandro Corbetta'; Vitaliy Gyryaz; Daniel Livescu %; Joost Prins'; Federico
Toschi'

! Eindhoven University of Technology

* Los Alamos National Laboratory
Corresponding Author: a.gabbana@tue.nl

In this work we explore the possibility of learning a collisional operator

for the Lattice Boltzmann Method from data using a deep learning approach.

We present results where a Neural Network is successfully trained as a surrogate of the single relax-
ation time BGK operator.

We show that only by embedding in the Neural Network physical properties such as

conservation laws and symmetries, it is possible to correctly reproduce

the short and long time dynamics of standard fluid flows.

Session 7B/ 111

A novel methodology for epidemic risk assessment of COVID-19
outbreak

Authors: A.E. Biondo™°"; Alessandro Pluchino'; Andrea Rapisarda'; C. ZappaléN""e; G. Inturri™™; G. Russo™°"¢;
N. Giuffrida™™; R. Le Moli™*"; V. Latora™™"

'cr
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Corresponding Authors: andrea.rapisarda@ct.infn.it, alessandro.pluchino@ct.infn.it

We propose a novel data-driven framework for assessing the a-priori epidemic risk of a geograph-
ical area and for identifying high-risk areas within a country [1]. Our risk index is evaluated as a
function of three different components: the hazard of the disease, the exposure of the area and the
vulnerability of its inhabitants. As an application, we discuss the case of COVID-19 outbreak in Italy.
We characterize each of the twenty Italian regions by using available historical data on air pollution,
human mobility, winter temperature, housing concentration, health care density, population size
and age. We find that the epidemic risk is higher in some of the Northern regions with respect to
Central and Southern Italy.

The corresponding risk index shows correlations with the available official data on the number of
infected individuals, patients in intensive care and deceased patients, and can help explaining why
regions such as Lombardia, Emilia-Romagna, Piemonte and Veneto have suffered much more than
the rest of the country.

Although the COVID-19 outbreak started in both North (Lombardia) and Central Italy (Lazio) almost
at the same time, when the first cases were officially certified at the beginning of 2020, the disease has
spread faster and with heavier consequences in regions with higher epidemic risk. Our framework
can be extended and tested on other epidemic data, such as those on seasonal flu, and applied to
other countries.

Session 8 / 112

Effect of the N3LO three-nucleon contact interaction on p-d scat-
tering observables

Authors: Elena Filandri'; Luca Girlanda?; Alejandro Kievsky®
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Corresponding Authors: elena.filandri@unisalento.it, alejandro.kievsky@pi.infn.it, luca.girlanda@le.infn.it

In nuclear physics the so-called ab initio methods allow to solve the full Schroedinger equation,
for few-body systems, with realistic potentials. From the theoretical point of view, chiral effective
field theory provides a solid basis with interactions organized according to the importance of their
contribution in powers of ), the typical nucleon momentum, on the cutoff A, ~ 1 GeV.

In this work we analyze the effect of the next-to-next-to-next-to leading order (N3LO) terms of the
chiral three-body contact potential on the scattering variables for the p-d system.

Through the use of a unitary transformation five terms of the N4LO three-body contact potential
are promoted to N3LO, implying the existence of five LECs for the three-body force at this order.
Preliminary investigations carried out in this work suggest that the long standing N-d puzzle can be
fixed by these terms.

Session 3/ 113

Quantum Computing Algorithms for Thermal Averages Estima-
tion: an Analysis of Sources of Systematical Error

Authors: Claudio Bonanno'; Riccardo Aiudi?; Claudio Bonati®; Davide Rossini’; Giuseppe Clemente*; Kevin Zam-
bello®; Lorenzo Maio®; Massimo D’Elia®; Salvatore Tirone®

! INFN Firenze

% Universita di Parma
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In this talk we first present an overview of quantum computing algorithms for estimating the aver-
age of observables in a thermal ensamble, focussing in particular on two: the Quantum Metropolis
Sampling algorithm and the Quantum-Quantum Metropolis Algorithm. We then analyze the effects
systematical errors in the results for both algorithms under quantum noiseless conditions and using
a system of frustrated spins as testbed.

Session 8 B/ 114

From smeared spectral functions to the lattice calculation of in-
clusive semileptonic decays

Authors: Antonio Smecca'; Francesco Sanﬁlippoz; Marco Panero!; Nazario Tantalo®; Sandro Michler?; Shoji
Hashimoto®; Silvano Simula?; Paolo Gambino®

' Universita di Torino & INFN
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Corresponding Author: antonio.smecca@to.infn.it

Hadronic spectral functions are important objects as they can be used to calculate several phe-
nomenologically relevant quantities. However, in order to extract these quantities from Euclidean
correlation functions it is necessary to solve an ill-posed inverse problem of the Laplace type.

In this talk we discuss one of the recently proposed method for the extraction of spectral densities
based on the Backus-Gilbert algorithm.

Furthermore, we show one of the many possible application of the method which is the lattice cal-
culation of inclusive semileptonic decays of heavy mesons.

Session4 B/ 115

Emulsions in homogeneous and isotropic turbulence

Authors: Marco Crialesi Espositol; Guido Boffetta?; Luca Brandt®; Sergio Chibbaro?; Stefano Musacchio®

! Istituto Nazionale di Fisica Nucleare
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Corresponding Authors: guido.boffetta@to.infn.it, stefano.musacchio@to.infn.it, marco.crialesi@to.infn.it
Emulsions are a major class of multiphase flows, crucial in industrial process (e.g. food and drug

production) and ubiquitous in environmental flows (e.g. oil spilling in maritime environment). Al-
ready at volume fractions of few precents, the dispersed phase interacts with pre-existing turbulence

Page 26



SM&FT 2022 - The XIX Workshop on Statistical Mechanics and nonper... /Book of Abstracts

created at large scale, yet the interaction between phases and the turbulent energy transport across
scales is not yet fully understood.

In this work, we use Direct Numerical Simulation to study emulsions in homogeneous and isotropic
turbulence, where the Volume of Fluid (VOF) method is used to represent the complex features of
the liquid-liquid interface.

We consider a mixture of two matching-density phases under various conditions, aiming to under-
stand the turbulence modulation and the observed droplet size distributions. We observe the -10/3
and -3/2 scaling on droplet size distributions, suggesting that the dimensional arguments which led
to their derivation are verified in HIT conditions and denser conditions. Finally, we discuss the
highly intermittent behaviour of the multiphase flow, which can be directly related to the polydis-
perse nature of the flow.

Session 8/ 116

Estimation of the Nambu-Goto string thickness using continuous
normalizing flows
Author: Elia Cellini'

Co-authors: Michele Caselle ?; Alessandro Nada ; Marco Panero *
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Corresponding Author: elia.cellini@to.infn.it

The explosive growth of machine learning provides a novel approach to study quantum field theo-
ries on the lattice. One intriguing class of algorithms recently proposed are Normalizing Flows, deep
generative models able to learn highy expressive transformations between distributions. In lattice
field theory, Normalizing Flows can sample uncorrelated configurations from Boltzmann distribu-
tions; moreover, they can infer the exact partition function of the target. In this talk, we present
preliminary numerical computations of the thickness of the Nambu-Goto string. We sample the
configurations using Continuous Normalizing Flows and validate our results using numerical and
analytical studies of the Nambu-Goto action as benchmarks.

Session4 B/ 117

Slow round-trip variations across quantum and classical critical
points

Authors: Ettore Vicari'; Francesco Tarantelli®
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We address the out-of-equilibrium dynamics of many-body systems subject to time-dependent round-
trip protocols across quantum and classical (thermal) phase transitions.

They are realized by slowly changing one relevant parameter w across its critical point w. = 0,
linearly in time with a large time scale ¢, , from w; < 0 to wy > 0 and then back to w; < 0, thus
entailing multiple passages through the critical point.

Analogously to the one-way Kibble-Zurek protocols across a critical point, round-trip protocols
develop dynamic scaling behaviors at both classical and quantum transitions, put forward within
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renormalization-group frameworks. The scaling scenario is analyzed within some paradigmatic mod-
els undergoing quantum and classical transitions belonging to the two-dimensional Ising universal-
ity class, such as one-dimensional quantum Ising models and fermionic wires, and two-dimensional
classical Ising models (supplemented with a purely relaxational dynamics).

While the dynamic scaling frameworks are similar for classical and quantum systems, substantial
differences emerge due to the different nature of their dynamics, which is purely relaxational for
classical systems (implying thermalization in the large-time limit at fixed model parameters), and
unitary in the case of quantum systems.

In particular, when the critical point separates two gapped (short-ranged) phases and the extreme
value wy > 0 is kept fixed in the large-ts limit of the round-trip protocol, we observe hysteresis-
like scenarios in classical systems, while quantum systems do not apparently develop a sufficiently
robust scaling limit along the return way, due to the presence of rapidly oscillating relative phases
among the relevant quantum states.

Session 10/ 118

Random Field Ising model, dimensional reduction and supersym-
metry

Author: Marco Picco!

! LPTHE, CNRS & Sorbonne Université
Corresponding Author: picco@lpthe.jussieu.fr

I will present recent results for the study of the Random Field Ising
model in various dimensions. Using results of large scale numerical
simulations, I will argue that dimensional reduction is valid at D=5
and that we observe the consequences of supersymmetry.

Next, I will discuss recent analytical results in D=4 which argued
that there should also exist a fixed point with dimensional
reduction but hidden by the presence of relevant interactions.

Session 4 / 119

Color-flavor reflection in the continuum limit of two-dimensional
lattice gauge theories

Authors: Alessio Franchi'; Claudio Bonati?
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Corresponding Authors: claudio.bonati@unipi.it, alessio.franchi@pi.infn.it

We present and discuss the interplay between local and global symmetries in determining the con-
tinuum limit of two-dimensional lattice scalar theories characterized by SO(/V.) gauge symmetry
and non-abelian O(/V¢) global invariance. We argue that, when a quartic interaction is present, the
continuum limit of these models may correspond to a gauged non-linear o model field theory asso-
ciated with the real Grassmannian manifold SO(/V;)/(SO(IN.) xSO(Ny-N.)), which is characterized
by color-flavor reflection invariance under N, <+ Ny—N,.
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Session4 B / 120

Entropy of quantum states

Author: Arturo Konderak!

Co-author: Paolo Facchi !
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Corresponding Authors: paolo.facchi@ba.infn.it, arturo.konderak@ba.infn.it

In a theory with superselections rules, a state can be represented by different density matrices. As
a result, different von Neumann entropies can be associated with the same state. Motivated by a
minimality property of the von Neumann entropy of a density matrix with respect to its possible
decompositions into pure states, we give a purely algebraic definition of entropy for states of an
algebra of observables, thus solving the above ambiguity. The entropy so defined satisfies all the
desirable thermodynamic properties, and reduces to the von Neumann entropy in the quantum me-
chanical case. Moreover, it can be shown to be equal to the von Neumann entropy of the unique
representative density matrix belonging to the operator algebra of a multiplicity-free Hilbert-space
representation.

Session 8 B/ 121

Fluctuations of arctic curves and the Tracy Widom distribution

None

Author: Jacopo Viti

Corresponding Author: jacopo.viti@fi.infn.it

Arctic curves in two-dimensional lattice models separate disordered regions from others whose de-
grees of freedom are frozen. A celebrated example is the so-called arctic circle in the six-vertex
model. In this talk, I will analyze numerically fluctuations of the arctic curves in the six-vertex
model and discuss their relation with the Tracy-Widom distribution. The latter arises in the context
of random matrices theory when studying statistics of extrema. This is joint work with V. Korepin
and I Lyberg.

Session 8 / 122

Quantum computing to witness nonclassicality

Author: Giovanni Scala™°"

Corresponding Author: giovanni.scala@ba.infn.it

We take the existence of a generalized-noncontextual model as a notion of classical explainability,
an idea that has been previously shown to have solid foundational motivations (subsuming many
other popular notions of classicality), broad applicability (unlike Bell’s notion of locality), and a track
record of being able to account for quantum-over-classical advantages in information processing.
Through cloud quantum computing, we study quantum interference, one of the most characteristic
features of quantum theory, to answer the question of which aspects resist explanation within the
classical worldview. We found that, even though the basic phenomenology of quantum interference
can be explained in a noncontextual model, we identify an aspect of interference that goes beyond
the basic phenomenology and that can witness the failure of noncontextuality, namely, the func-
tional form of wave-particle duality relation.

This, therefore, constitutes an aspect of interference that is nonclassical in a rigorous sense. Cru-
cial for proving our result is to show that the wave-particle duality relations that we consider are
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an instance of uncertainty relations, thus establishing a connection with another main feature in
quantum theory.

Session 1/ 123

A tribute to Raffaele Tripiccione: 1956-2021

Author: Roberto Benzi'
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Corresponding Author: roberto.benzi@gmail.com

It is almost one year that Raffaele Tripiccione is no longer with us. He was a colleague , a very deep
thinker and, above all, a friend.

In this short talk, I will review his figure and some of his scientific work.

Session 3/ 124

A quantum optimization algorithm for deriving e ective shell
model Hamiltonians

Authors: Angela Chiatto'; Giovanni De Gregorio?; Giovanni Acampora®; Luigi Coraggio*; Nunzio Itaco?; Roberto
Sciattarella ®

! Dipartimento di Fisica, Universita degli Studi di Napoli “Federico II”

? Istituto Nazionale di Fisica Nucleare

* Dipartimento di Fisica, Universita degli Studi di Napoli *Federico IT” & INFN sez. di Napoli
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® Dipartimento di Fisica, Universit a degli Studi di Napoli “Federico II” & INFN sez. di Napoli

Corresponding Authors: nunzio.itaco@na.infn.it, luigi.coraggio@na.infn.it, degregorio@na.infn.it

In the recent years, theoretical methods for calculating the two body matrix elements of shell-model
e ective Hamiltonians starting from realistic interactions have evolved considerably. However,
these methods, usually rooted in the framework of many-body perturbation theory, present sev-
eral sources of inaccuracies: 1) the convergence of the perturbation expansion; 2) the oscillator basis
used for matrix elements and energy denominators is an approximation; 3) three-body force are re-
quired.

Thus, to obtain realistic wave functions there is a need to modify the e ective interactions based on
constraints from experimental data, or, alternatively, to determine them from scratch. Usually, these
kind of analysis are performed resorting to least squares approach. Notable examples are the Cohen
and Kurath [1] and the USD interactions [2] for the p- and sd-shell nuclei, respectively. However,
this approach starts to be demanding once the dimension of the model space and/or the number of
experimental data increases.

Here, we propose an alternative approach, to our knowledge never used for this purpose, based on
the use of an evolutionary algorithm, the Genetic Algorithm (GA). It is inspired by the process of
natural selection and commonly used to generate high-quality solutions to optimization and search
problems by relying on biologically inspired operators such as mutation, crossover and selection.
The quantum version of the GA algorithm for the binary encoding case can be found in Ref. [3].
Its quantum version for the real encoding case is under development and we are using the deriva-
tion of an effective interaction for p-shell nuclei as possible application. I will discuss preliminary
results obtained on a classical computer demonstrating the possibility to use GA to derive e ective
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shell-model Hamiltonians capable to give a description of p-shell nuclei better or comparable to
well-established Hamiltonians like the Cohen and Kurath one.

[1] S. Cohen and D. Kurath, Nuclear Physics 73 (1965)
[2] B. A. Brown and B. H. Wildenthal, Annu. Rev. Nucl. Part. Sci. 38, 29 (1988).
[3] G. Acampora and A. Vitiello, Information Sciences 575 (2021).
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Non-perturbative thermal QCD at very high temperatures: the
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Corresponding Author: leonardo.giusti@mib.infn.it

We present a strategy based on the step-scaling technique to study non-perturbatively thermal QCD
up to very high temperatures. As a first concrete application, we compute the flavour non-singlet
meson screening masses in the temperature range from approximatively 1 GeV up to the electroweak
scale in the theory with three massless quarks. On the one side, chiral symmetry restoration mani-
fests itself in our results through the degeneracy of the vector and the axial vector channels and of
the scalar and the pseudoscalar ones. On the other side, we observe a clear splitting between the
vector and the pseudoscalar screening masses up to the highest temperature investigated. A com-
parison with the high-temperature effective theory shows that the known one-loop perturbative
matching with QCD does not provide a satisfactory description of the non-perturbative data up to
the highest temperature considered.
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A multicolour polymer model for the prediction of 3D structure
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Author: Giuseppe Negro'
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Within each human cell, three types of RNA polymerases and a panoply of different types of tran-
scription factors bind chromatin to simultaneously determine 3D chromosome structure and tran-
scriptional programme. Experiments suggest that, in some cases, different types of proteins segre-
gate to form specialised transcription factories, while in others they mix and gather together, binding
the same chromatin regions. Here, we use coarse grained molecular dynamics simulations to study
the coupled 3D structure and transcriptional dynamics of chromatin fibers and whole human chro-
mosomes, via a polymer model which accounts for multiple types — or “colours” — of DNA-binding
proteins, mimicking complexes containing RNA polymerase I, I, and III, or cell-type-invariant and
cell-type-specific transcription factors.

Our simulations show the appearance of both segregated and mixed clusters, depending on their
size, with larger clusters being more likely mixed: this is suggestive a transition between the two
types of clusters based on simple biophysical parameters. Second, the model leads to non-trivial
spatio-temporal correlations between different transcription units, dependent on the underlying
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chromosome structure. Finally, it predicts transcriptional data better than previously considered
models.

Session 7 / 127

The Exodus to GPU. The case of scientific analysis for the Euclid
mission.

Author: Alessandro Renzi'

! Istituto Nazionale di Fisica Nucleare
Corresponding Author: alessandro.renzi@pd.infn.it
All the main HPC facilities in the world rely on GPUs for their new computational systems. CINECA’
s Leonardo powerful computing capabilities are rooted on GPU performances. Missions like Euclid
that make a lot of use of computing power to perform scientific analysis with their data will now
need to produce and optimize codes that adapt to the GPU in a short timescale.

In this presentation I will show how the Julia programming language could be the game changer in
the updates of scientific analysis codes with GPU for the Euclid mission.
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The Equation of State from Lattice QCD

Author: Jana N. Guenther’

! University of Wuppertal
Corresponding Author: jguenther@uni-wuppertal.de
The equation of state of the quark gluon plasma at finite density from first principle lattice QCD sim-

ulations has been a challenge for many years due to the infamous sign problem. This talk will discuss
recent developments and results which allow access to the equation of state up to /T 3.5.

Session4 B / 129

OPTIMIZING [FEFE]-HYDROGENASE

Authors: Giovanni La Penna'; Simone Botticelli'; Velia Minicozzi®

! Istituto Nazionale di Fisica Nucleare

? ROMA2
Corresponding Authors: velia.minicozzi@roma2.infn.it, simone.botticelli@roma2.infn.it, giovanni.lapenna@roma2.infn.it

[FeFe]-hydrogenase is an iron-sulfur protein that catalyzes the chemical reduction of protons into the
H2 molecule [1]. This enzyme can be found in cyanobacteria and microalgae organisms. HydA1 en-
zyme of the unicellular alga Chlamydomonas Rheinhardt is very efficient in reducing protons in wa-
ter to molecular hydrogen, but it is very sensitive to dioxygen (O2), which irreversibly degrades the
enzyme. When O2 becomes concentrated enough, like in intensive photosynthesis, the hydrogenase
protein is attacked in the most oxygen sensitive points and the protein becomes non-functioning,
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unfolded, and suited for degradation pathways. On the other hand, other microalgae strains showed
higher resistance to O2. The molecular engineering of hydrogenase has been proposed as a possible
workaround to the problem of O2 sensitivity. With this work, we aim at understanding how the
hydrogenase (Hyd) variants expressed by these strains can better sustain hydrogen production in
the presence of O2. As already performed by other groups, the project begins mapping sequences of
hydrogenase expressed in the latter strains to the structure of cyanobacteria Clostridium Pasteuri-
anum H-domain of [FeFe]-hydrogenase. The latter is the unique known structure of Hyd including
the position of all atoms in the H-cluster. [FeFe]-hydrogenase is made by two domains: H-domain,
within H-cluster principal active site, and F-domain, within secondary active sites. In some microal-
gae organisms, the evolutionary process guided [FeFe]-hydrogenase protein to lose F-domain and
replace it with a smaller disordered domain of variable sequence.

We are focusing on the possible effect of the disordered N-terminal segment of Hyd on the accessi-
bility of dioxygen to the H-cluster [2].

[1] James A. Birrell et al., Coordination Chemistry Reviews 449 (2021) 214191.
[2] Giovanni La Penna, NIC Symposium Proceedings, G. Munster, D. Wolf, M. Kremer 2010
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Pattern capacity of a single quantum perceptron
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Artificial neural networks have proven to be an extremely efficient computational model in specific
tasks such as pattern recognition or image classification and have revolutionized the field

of data analysis on classical computers. At the same time, the advent of quantum computation has
shown that purely quantum mechanical features such as coherence and entanglement allow for ad-
dressing hard computational tasks with an exponential improvement of the performances compared
to classical computation. The great success achieved in these two fields has motivated a surge of in-
terest in quantum machine learning, with the aim to understand whether the two fields can benefit
from each other. Recent developments in this field have seen the introduction of several models to
generalize the classical perceptron to the quantum regime. The capabilities of these quantum models
need to be determined precisely in

order to establish if a quantum advantage is achievable. Here we use a statistical

physics approach to compute the pattern capacity of a particular model

of quantum perceptron realized by means of a continuous variable quantum

system.
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Corresponding Author: maria.giordanol@uniba.it

The Lattice Boltzmann Method (LBM) is a numerical approach for the study of fluid flows. It is based
on a discretized version of the Boltzmann equation, and employs a mesoscopic approach where
macroscopic flow quantities such as flow density and velocity are recovered as zero-th and first
order moments of probability density functions. This method is, at its core, very simple, versatile and
highly parallelizable; because of this, during the last few decades it has been used to investigate fluid
flows in an increasing number of different fields of research. The aim of this talk is to describe how
the LBM can be used to study mixing phenomena, as they are very common and play a fundamental
role in a great number of processes. The dilution and diffusion of contaminants with negatively
buoyant jets in a crossflow (JICF), in particular, is investigated carrying out large eddy simulations
in a LBM framework, and it is shown how this method is able to capture some of the fundamental
characteristics of JICF.
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Confinement in Lattice QCD

Author: Andreas Athenodorou'

! The Cyprus Institute
Corresponding Author: a.athenodorou@cyi.ac.cy

QCD provides the fundamental description of the strong force and is a key component of the Stan-
dard Model. QCD is a quantum gauge field theory with local SU(3) symmetry that describes the
interactions of coloured quarks and gluons. These are observed to be confined inside hadronic states,
such as the protons, neutrons and pions. Colour confinement is among the most important and fasci-
nating phenomena in fundamental physics. A characteristic feature of confinement is the formation
of chromo-electric flux tubes, usually called QCD strings, that connect a quark with an antiquark.
These strings have been observed in numerical Lattice QCD calculations and found that they behave
to an adequate extent as bosonic Nambu-Goto strings. I would thus, present a general overview of
confinement and I will then focus on the behaviour of flux-tubes as bosonic strings by focussing on
our new findings on the spectrum of closed flux-tubes. Namely, our calculations demonstrate that
most flux tube states exhibit a spectrum which can be approximated adequately by Nambu-Goto and
in addition there is strong evidence for the existence of a massive axion on the world-sheet of the
QCD flux-tube as well as a bound state of two such axions.

Session 9/ 133
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New governance of INFN Scientific computing management and

overview of PNRR activities in the context National Scientific
Computing infrastructure

Author: Giacinto Donvito’
! Istituto Nazionale di Fisica Nucleare
Corresponding Author: donvito@infn.it

The new governance of INFN Scientific computing management and an overview of PNRR activities
in the context National Scientific Computing infrastructure will be presented in this talk.
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