
XII INTERNATIONAL WORKSHOP  
ON INFORMATION GEOMETRY, QUANTUM MECHANICS AND APPLICATIONS 2026

Program  

Monday, June 29th


9.30   - 10.15:     Cesare Tronci

10.15 - 11.00:     Laura Gonzales Bravo

11.00 - 11.30:     break

11.30 - 12.15:     Giorgia Trotta

12.15 - 13.00:     Paolo Scarafile


           Lunch at Erbanito


16.30 - 17.15:     Seth Loyd

17.15 - 17.45:     break 

17.45 - 18.30:     Paolo Zanardi

18.30 - 19.15:     Stefano Cusumano


Tuesday, June 30th


9.30   - 10.15:     Jesus Clemente

10.15 - 11.00:     Rosa Lucia Capurso

11.00 - 11.30:     break

11.30 - 12.15:     Jacobo Asorey

12.15 - 13.00:     Arnau Mas


           Lunch at Erbanito


16.30 - 17.15:     Cosmo Lupo

17.15 - 17.45:     break 

17.45 - 18.30:     Marco Pacelli

18.30 - 19.15:     Alberto Ibort


            Wine Party at Policeta


Wednesday, July 1st


9.30   - 10.15:     Fernando Falceto

10.15 - 11.00:     Xuefeng Zhao

11.00 - 11.30:     break

11.30 - 12.15:     Chikako Uchiyama

12.15 - 13.00:     Giuliano Angelone


           Lunch at Erbanito


16.30 - 17.15:     Daniel Burgarth

17.15 - 17.45:     break 

17.45 - 18.30:     Paolo Facchi

18.30 - 19.15:     Kazuya Yuasa




XII INTERNATIONAL WORKSHOP  
ON INFORMATION GEOMETRY, QUANTUM MECHANICS AND APPLICATIONS 2026

Thursday, July 2nd


9.30   - 10.15:     Giovanni Gramegna

10.15 - 11.00:     Fabio Deelan Cunden

11.00 - 11.30:     break

11.30 - 12.15:     Rocco Maggi

12.15 - 13.00:     Saverio Pascazio


           Lunch at Erbanito


16.30 - 17.15:     Andreina Uliano

17.15 - 17.45:     break 

17.45 - 18.30:     Lucio Vacchiano

18.30 - 19.15:     Franco Magri


Friday, July 3rd


9.30   - 10.15:     Marco Laudato

10.15 - 11.00:     Giuseppe Buono

11.00 - 11.30:     break

11.30 - 12.15:     Manuel Asorey

12.15:                 final remarks


          Free Afternoon and Dinner at Policeta
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                                              Day-by-day program and abstracts 

Monday, June 29th


9.30   - 10.15:     Cesare Tronci

10.15 - 11.00:     Laura Gonzales Bravo

11.00 - 11.30:     break

11.30 - 12.15:     Giorgia Trotta

12.15 - 13.00:     Paolo Scarafile


16.30 - 17.15:     Seth Loyd

17.15 - 17.45:     break 

17.45 - 18.30:     Paolo Zanardi

18.30 - 19.15:     Stefano Cusumano


Cesare Tronci: Geometry of Koopman wavefunctions in hybrid quantum-classical dynamics 

The dynamics of coupled quantum-classical systems remains a foundational challenge in physics, 
with applications ranging from quantum chemistry to spintronics and gravity. While mean-field 
methods are mathematically well-grounded, they fail to capture essential correlations. In this 
work, we propose a hybrid model that overcomes historical consistency issues by combining 
Koopman’s classical wavefunctions with van Hove's unitary representations in prequantization. 
Specifically, we address the long-standing difficulties associated with Sudarshan’s 1976 proposal 
for quantum-classical coupling, which our construction still builds upon. By applying a geometric 
modification to Koopman’s theory via its underlying variational principle, we derive a nonlinear 
model that satisfies stringent consistency criteria and extends the established Ehrenfest 
framework from theoretical chemistry. We also validate these results through a Hamiltonian 
particle-based numerical scheme.


Laura Gonzalez - Bravo: Classical and Quantum Information Geometry from the GNS Construction 

In this talk I will present a Gelfand - Naimark - Segal (GNS) approach to the geometry of smooth 
statistical models. The aim is to explain how some familiar geometric structures from classical and 
quantum information geometry can be obtained from the same operator-algebraic construction.


In the general manifold setting, geometric tensors can be pulled back from an ambient space of 
states to a parameter manifold. For models described by C*-algebras, the state space is generally 
not a smooth manifold, so this direct procedure is no longer available. The GNS construction 
offers a way around this difficulty by assigning a Hilbert space to each state.


The main result is that, for sufficiently regular models, the GNS inner product induces natural 
geometric tensors on the parameter manifold. In this way, the construction recovers the Fisher - 
Rao metric in the classical case, the Fubini - Study geometry for pure quantum states, and the 
symmetric logarithmic derivative (SLD) metric for faithful quantum states. The talk will focus on 
the geometric idea behind this construction and on how it places these classical and quantum 
examples within a common framework.
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Giorgia Trotta:  Multipartite entanglement of random states


We investigate multipartite entanglement via the statistical properties of pure quantum states of n-
qubits. By analyzing the distribution of purityamong balanced bipartitions, we compare Haar-
typical states, uniformly distributed on the unit sphere of states, with Hadamard states, being 
characterized by equal weights in the computational basis.We analyze different ensembles of 
Hadamard states characterized by their phase distributions. Through analytical and numerical 
calculations, we show that Hadamard states exhibit, on average, a higher degree of entanglement

than Haar-typical states. In addition, we show that a particular class of Hadamard states, 
characterized by real coefficients with alternating signs, known as hypergraph states, appears 
especially relevant in the search for maximally multipartite entangled states, both for their 
structural simplicity and the increased likelihood of sampling highly entangled states. These 
results identify Hadamard states as a tractable yet promising class for exploring multipartite 
entanglement structures and advancing the characterization of maximally multipartite entangled 
quantum states. We also analyze the non-stabilizerness of Hadamard states, finding that, on 
average, they behave similarly to Haar-typical states. Hypergraph states, although particularly 
promising in the search for maximally multipartite entangled states, exhibit significantly lower non-
stabilizerness.


Paolo Scarafile: Statistical mechanics of multipartite entanglement in Hypergraph states manifold 

We investigate multipartite entanglement in a specific class of pure n-qubit quantum states, the 
uniform real-phased states referred to as Hypergraph-states, through a statistical mechanics 
framework, where the average bipartite purity maps onto an effective Hamiltonian of 2^n binary 
classical spins. In this correspondence, each Hypergraph-state uniquely corresponds to a 
classical spin configuration, while temperature emerges as a control parameter that continuously 
interpolates between randomly sampled states at high temperature and maximally multipartite 
entangled states (MMES) in the zero-temperature limit. Remarkably, the zero-temperature entropy 
directly counts the MMES within the class of Hypergraph-states. For small system sizes (n < 6), 
we perform exact enumeration, fully characterizing the energy landscape and associated 
thermodynamic observables, and validating known MMES counts. For larger systems (n = 6 and 
7), where exact methods become computationally infeasible, we employ simulated annealing and 
parallel tempering algorithms to efficiently sample the high-dimensional state space. Our analysis 
yields quantitative predictions of MMES counts and reveals how entanglement is statistically 
distributed across the Hypergraph-state manifolds. The results establish this family of states as an 
ideal platform for exploring multipartite entanglement through thermodynamic methods, offering 
both computational advances and physicalinsights into the structure of quantum entanglement in 
constrained Hilbert spaces.


Seth Loyd: Canonical quantization of time


Time is not an observable in quantum mechanics: the time operator should be the canonical 
conjugate of energy, but  no bounded operator can have a true canonical conjugate variable.    In 
this talk I show that every bounded observable possesses a unique pseudo-conjugate variable, 
which is in a well-defined sense, as close to canonically conjugate as possible. I discuss the 
physical interpretation of the  corresponding time operator.


Paolo Zanardi: Quantum Scrambling of Algebras: The Z_2-symmetric case.


I will discuss our recent results for unitary scrambling of algebras of quantum oserbvables in the 
case in which the commutant is generated by an hermitian involution i.e., a parity operator. A 
unified metric picture will be provided with applications to many-body systems.
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Stefano Cusumano: Title: Probes of chaos over the Clifford group and approach to Haar values. 

Chaotic behavior of quantum systems can be characterized by the adherence of the expectation 
values of given probes to moments of the Haar  distribution. In this work, we analyze the behavior 
of several probes of chaos using a technique known as Isospectral Twirling. This consists in fixing 
the spectrum of the Hamiltonian and picking its eigenvectors at  random. Here, we study the 
transition from stabilizer bases to random bases  according to the Haar measure by T-doped 
random quantum circuits. We then compute the average value of the probes over ensembles of 
random spectra from Random Matrix Theory, the Gaussian Diagonal Ensemble and the Gaussian 
Unitary Ensemble, associated with non-chaotic and chaotic behavior respectively. We also study 
the behavior of such probes over the Toric Code Hamiltonian.


Tuesday, June 30th


9.30   - 10.15:     Jesus Clemente

10.15 - 11.00:     Rosa Lucia Capurso

11.00 - 11.30:     break

11.30 - 12.15:     Jacobo Asorey

12.15 - 13.00:     Arnau Mas


16.30 - 17.15:     Cosmo Lupo

17.15 - 17.45:     break 

17.45 - 18.30:     Marco Pacelli

18.30 - 19.15:     Alberto Ibort


Jesus Clemente - Gallardo: Hybrid quantum-classical Weyl systems 

In this talk we will consider the problem of constructing Weyl mappings for hybrid quantum-
classical systems. We will discuss how to  consistently define a suitable Weyl quantization using 
them  and the relation of the resulting construction with the hybrid Koopman formalism.


Rosa Lucia Capurso: Ergotropy storage in an array of quantum emitters 

In the quest for next-generation energy technologies, quantum batteries (QBs) have emerged as a 
groundbreaking paradigm for faster work extraction. Unlike classical batteries, quantum batteries 
exploit the unique features of quantum mechanics to store and release energy.

In this talk, I will present a quantum battery model consisting of an N-qubit array, which is coupled 
to a one-dimensional waveguide. In this model, the relaxation of the joint qubit-field system 
towards a bound state in the continuum (BIC) in the long-time limit affects energy storage. I will 
discuss how both the initial state of the qubits and the delay-induced non-Markovian effects alter 
the amount of extractable energy from the battery, evaluating its ergotropy, which is a key figure of 
merit for QBs.
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Jacobo Asorey - Barreiro: Revisiting ΛCDM extensions in light of the latest cosmological 
observations 

In the recent years, with the improvement on the precision of the different cosmological probes, 
the rise of some of the tensions and anomalies that affect the standard model of cosmology, like 
the H0-tension, the sigma_8-tension and the lensing anomaly, has motivated the use of 


alternative models to the standard ΛCDM model in order to reconcile these tensions. In the talk, I 
will describe the impact on cosmological theory from the latest cosmological observations and I 
will show a re-analysis (arXiv:2506.13537) of the most common extensions of ΛCDM with different 
combinations of the latest Planck dataset (PR4), with type Ia SN and the DESI BAO 2024. In 
particular, these results show that some of the tensions and anomalies, within the LCDM 
framework, alleviate while others remain.


Arnau Mas: The multisymplectic structure of the Universal Covariant Phase Space


In this talk I will introduce the spaces in which the order r momenta of a field theory live, the affine 
duals of the order r jet bundles. It is already known that one can take the projective limit of the 
sequence of jet bundles of all orders to get the infinite dimensional jet bundle. The passage to this 
projective limit means, among other things, that the differential forms on the infinite jet bundle 
naturally acquire a bigrading, and thus split into horizontal and vertical forms. Here I will explore 
what happens when one considers the now direct limit of the system of all finite order phases 
spaces, and how the multisymplectic structures that exist for finite orders are preserved in the 
limit. Furthermore, I will show how Hamiltonian field theories can naturally be formulated in this 
context.


Cosmo Lupo: Is obfuscation needed for verifiable quantum information processing?


A recent work has proposed a scheme for magic-blind quantum computation [Sater, Ollivier, 
"Composable Verification in the Circuit-Model via Magic-Blindness", arXiv:2601.07111]. Sater and 
Ollivier introduce a protocol that achieves verification of quantum computing through obfuscation. 
Inspired by this work, I will discuss a conjecture about the relation between obfuscation of 
classical or quantum information and the tasks of verification and authentication in quantum 
information theory.


Marco Pacelli: The inverse problem for metric affine structures in information geometry 

Contrast functions provide notions of distinguishability and separation in statistics and 
mathematical physics. In information geometry, they also play a generative role: their infinitesimal 
behaviour near the diagonal produces metric and affine data. The symmetry of mixed partial 
derivatives, however, imposes torsion-freeness on both the induced connection and its dual, 
thereby excluding natural metric-affine examples with torsion, such as Cartan-Schouten 
connections on semisimple Lie groups. In this talk, this obstruction is overcome by introducing 
suitable bi-forms, called contrast bi-forms, which generalize contrast functions. The associated 
inverse problem is then studied by discussing existence and non-uniqueness, and by presenting a 
distinguished intrinsic solution in terms of parallelisms.


Alberto Ibort: TBA
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Wednesday, July 1st


9.30   - 10.15:     Fernando Falceto

10.15 - 11.00:     Xuefeng Zhao

11.00 - 11.30:     break

11.30 - 12.15:     Chikako Uchiyama

12.15 - 13.00:     Giuliano Angelone


16.30 - 17.15:     Daniel Burgarth

17.15 - 17.45:     break 

17.45 - 18.30:     Paolo Facchi

18.30 - 19.15:     Kazuya Yuasa


Fernando Falceto: World line conditions and anomalies for very special relativity groups.


In this talks we discuss the application of the world line condition for general, second order, 
multiparticle, dynamical systems with Poincaré or Galilei relativity groups. We show the necessary 
and sufficient conditions of the dynamics for fulfilling the algebraic relations of the relativity group.

We study in detail the one particle case and exhibit the dynamics compatible with the world line 
condition for very special relativity groups (maximal subgroups of Poincaré or Galilei).

Based on a Joint work with M. Asorey and B. Marmo.


Xuefeng Zhao: Integrability and Hamilton–Jacobi Theory for Hamiltonian Systems on q-
Cosymplectic Manifolds 

This talk investigates the properties of Hamiltonian systems on q-cosymplectic manifolds. Two 
main results will be presented: (1) the integrability of Hamiltonian systems on q-cosymplectic 
manifolds, and (2) a Hamilton–Jacobi theory specifically tailored to such Hamiltonian systems.


Chikako Uchiyama: The role of non-Markovian effect in quantum thermodynamics 

In classical thermodynamics, the interaction between a substrate and its environment is often 
oversimplified. However, in quantum systems, it is vital to acknowledge the dynamics at play 
between the system and its surroundings. This recognition is essential, as these interactions can 
lead to substantial quantum advantages. In this presentation, we will examine the Otto engine and 
battery, highlighting how non-Markovian effects can significantly improve the efficiency of thermal 
machines within the quantum framework.


Giuliano Angelone: Zak phase and bulk-boundary correspondence in a generalized Dirac–Kronig–
Penney model 

In this talk I will discuss some topological properties of a generalized Dirac–Kronig–Penney model, 
that is a continuum one-dimensional model for a relativistic quantum chain with U(2)-valued 
couplings. In particular I will show that, by suitably tuning the coupling parameters, this model can 
accommodate five Altland–Zirnbauer–Cartan symmetry classes, three of which support non-trivial 
topological phases in dimension one. For each non-trivial symmetry class I will then analyze the 
role of the Zak phase as a topological marker, and discuss the bulk-boundary correspondence for 
a truncated version of the chain.
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Daniel Burgarth: The quantum harmonic oscillator on a circle - fragmentation of the algebraic 
method 

A quantum particle on a circle in a quadratic potential exhibits a spectrum that is not harmonic, 
despite having all algebraic properties of the quantum harmonic oscillator. This raises the 
question where the usual algebraic argument -- implying integer gaps -- fails. The answer is 
illuminating and covers a surprisingly rich range of physical phenomena for such a simple model.


Paolo Facchi: KAM stability of conserved quantities in quantum systems 

We investigate quantum symmetries in terms of their large-time stability with respect to 
perturbations of the Hamiltonian. We find a complete algebraic characterization of the set of 
symmetries robust against a single perturbation and we use such result to characterize their 
stability with respect to arbitrary sets of perturbations.


Kazuya Yuasa: Rotating-Wave Approximation for Open Quantum Systems 

We derive a nonperturbative bound on the distance between evolutions of open quantum systems 
described by time-dependent generators. We show how this can be employed to provide an 
explicit upper bound on the error of the rotating-wave approximation in the presence of 
dissipation and decoherence.

Reference: Daniel Burgarth, Paolo Facchi, Giovanni Gramegna, and Kazuya Yuasa, 
arXiv:2603.26606 [quant-ph].


Thursday, July 2nd


9.30   - 10.15:     Giovanni Gramegna

10.15 - 11.00:     Fabio Deelan Cunden

11.00 - 11.30:     break

11.30 - 12.15:     Rocco Maggi

12.15 - 13.00:     Saverio Pascazio


16.30 - 17.15:     Andreina Uliano

17.15 - 17.45:     break 

17.45 - 18.30:     Lucio Vacchiano

18.30 - 19.15:     Franco Magri


Giovanni Gramegna: High energy asymptotics and scale-free limits of quantum graphs 

Abstract: We study self-adjoint realizations of the kinetic-energy operator for a particle moving on 
a compact metric graph, with a possibly edge-dependent mass. Extending the existing framework 
of quantum graphs, we characterize all such realizations through self-adjoint vertex conditions 
parametrized by boundary unitaries. We then use this framework to bound the distance between 
the high-energy eigenvalues of an arbitrary self-adjoint realization and the spectrum of the nearest 
canonical scale-free boundary condition, defined by the high-energy limit of the associated 
scattering matrix. A consequence of the bounds obtained is that when the vertex boundary 
conditions do not contain a Dirichlet part, high-energy eigenfunctions are mostly localized only on 
one edge of the graph.
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Fabio Deelan Cunden: The Many Lives of Borwein's Integral 

Rocco Maggi: TBA


Saverio Pascazio: (2 + 1)-Dimensional Gravitation from (3 + 1)-Dimensional Electromagnetism 

Andreina Uliano: Generalized 2D Gravity from Deformed Topological Models 

Poisson Sigma Models give rise to a broad class of two-dimensional topological  field theories 
whose dynamics and gauge symmetries are determined by a Poisson structure on the target 
space. After a brief review of their general formulation, with particular emphasis on their gauge 
symmetries and equations of motion, the special case of linear Poisson structures will be 
discussed. In this case the model is equivalent to a BF theory and provides a natural setting for a 
gauge-theoretic formulation of Jackiw–Teitelboim gravity. In this framework, the gravitational 
interpretation of the model is recovered on-shell. The role of boundary conditions and residual 
symmetries will be discussed, showing how the Schwarzian action emerges as theeffective 
boundary description of the theory. Finally, a perturbative deformation of the linear Poisson Sigma 
Model underlying JT gravity will be introduced and preliminary results concerningits impact on the 
symmetry structure and boundary dynamics of the model will be discussed.


Lucio Vacchiano: From Chern-Simons theory to generalized JT gravity 
 

The Jackiw–Teitelboim (JT) gravity/Sachdev–Ye–Kitaev (SYK) correspondence provides one of the 
simplest settings in which a gravitational bulk description gives rise to an effective one-
dimensional boundary dynamics, which is governed by the Schwarzian action. In the standard 
gauge-theoretic formulation, JT gravity can be described as an SL(2, R) BF theory, and the 
Schwarzian mode arises after imposing suitable asymptotic conditions. This framework has been 
generalized in several directions, including extensions with additional current sectors and 
deformations relevant to non-extremal or near-horizon regimes. The purpose of this talk is to 
show that different one-dimensional boundary theories can be understood within a common 
three-dimensional framework. More precisely, we consider AdS3/Z2 gravity formulated as an 
SO(2, 2) Chern–Simons theory on a three-manifold with toroidal boundary, and we study a 
symmetry-reduced sector obtained by selecting a globally defined vector field and restricting to 
connections invariant along its flow. The resulting theory reduces naturally to a two-dimensional 
BF-like model together with an induced one-dimensional boundary action. Our main point is that 
the reduced theory may accommodate several inequivalent boundary models, some of which can 
be interpreted as genuine generalizations of JT gravity for which a quantum mechanical dual 
theory is known.  


Franco Magri: Jacobi and Weierstrass meet Lax 
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Friday, July 3rd


9.30   - 10.15:     Marco Laudato

10.15 - 11.00:     Giuseppe Buono

11.00 - 11.30:     break

11.30 - 12.15:     Manuel Asorey


Marco Laudato: Geometry-conditioned closures for Stokes suspensions


The force-coupling method (FCM) simulates O(10⁴) particles in Stokes flow at near-linear cost, but 
its analytical closure is restricted to spheres and spheroids. Resolved methods handle arbitrary 
shapes but reach only hundreds of particles. We remove this trade-off with a data-driven closure 
that keeps FCM's scalability while admitting complex geometries such as helices and other chiral 
particles. The key is a reduction: frame covariance, the linearity of Stokes flow, and dimensional 
scaling strip orientation, ambient flow, viscosity, and size analytically, leaving a single 
dimensionless operator that depends on geometry alone. This operator, assembled per shape 
from a small set of boundary-element solves, is the only nonlinear object in the closure, and we 
learn it with a compact neural network. Coupled back into FCM, the surrogate reproduces 
converged boundary-element data, the exact Jeffery orbit, and the Einstein viscosity. Because the 
operator is continuous in geometry, it gives access to the rheology of continuously polydisperse 
suspensions, where averaging over shapes does not commute with the closure and a mean-
shape approximation misses a genuine polydispersity correction. Applications include chiral 
migration and microfluidic sorting.


Giuseppe Buono: Quantum annealer for phase unwrapping 

Manuel Asorey: Who is afraid of ghosts? 

In   recent years a new approaches to quantum gravity based in a higher derivative actions has 
solved most of the difficulties associated to the quantization of gravity, either by confining the 
pathological ghosts or by introducing non-local interactions. We review how the new approaches 
skip the pathologies usually associated to those theories.



