UNIVERSITA DEGLI STUDI DI PALERMO
DOTTORATO DI RICERCA IN SCIENZE FISICHE E CHIMICHE

SEDUTA DEL COLLEGIO DEI DOCENTI DEL 39°-40°-41°-42° CICLO
06 ottobre 2026

Il Collegio dei Docenti del Dottorato di Ricerca in Scienze Fisiche e Chimiche dell’Universita di Palermo,
dei cicli 39, 40, 41 e 42, regolarmente convocato dal Coordinatore Prof. Marco Cannas, si riunisce alle
ore 14:30 del giorno 06.10.2026 con il seguente ordine del giorno:

1) Esame finale di conseguimento del titolo di Dottore di Ricerca del 39° ciclo (I° sessione)

2) Cotutela Universita degli Studi di Palermo/Université Paris Cité: proposta per la
composizione della commissione dell'esame finale dell'allievo Andrea DAMONTE

3) Riconoscimento titolo di Dottorato conseguito all’estero

4) Provvedimenti allievi: autorizzazione periodi all'estero

5) Ratifica decreti

Presiede il Coordinatore Prof. M Cannas, svolge le funzioni di segretario il Prof. Simonpietro Agnello.
Sono presenti

Marco Cannas, Simonpietro Agnello, Fabio Bagarello, Gianpiero Buscarino, Angelo Carolo, Maria Rita
Calvino, Giuseppe Cavallaro, Francesco Ciccarello, Umberto De Giovannini, Tiziana Di Salvo, Francesco
Ferrante, Francesco Giannici, Giuseppe Lazzara, Lorenzo Lisuzzo, Fabrizio Lo Celso, Gabriele Lo
Monaco, Salvatore Lorenzo, Manuela Mallamaci, Giovanni Marsella, Fabrizio Messina, Marco Miceli,
Loreta Angela Muscarella, Gioacchino Massimo Palma, Mauro Paternostro, Alberto Pettignano, Fabio
Reale, Lucia Rizzuto, Alice Sciortino, Davide Valenti, Serena Benatti, Giuseppina Micela, Ciro Pinto,
Antonino D’Ai, Melania Del Santo.

Sono assenti giustificati

Leonardo Abbene, Luciano Burderi, Antonino Buttacavoli, Dario Duca, Claudio Fazio, Rosario laria,
Luca Innocenti, Salvatore Micciche, Stefana Milioto, Paolo Pagano, Roberto Passante, Michelangelo
Scopelliti

Sono inoltre presenti
Elena Ambrosi, Antonino Petralia, Salvatore Colombo
in qualita di cotutor.

Il Presidente, prof. M. Cannas, verificato il numero legale, dichiara aperta la seduta

1) Esame finale di conseguimento del titolo di Dottore di Ricerca del 39° ciclo (I° sessione)

Il presidente illustra gli adempimenti necessari per il conseguimento del titolo di dottore di ricerca
per gli allievi del 39° ciclo che intendono sostenere I’esame finale nella prima sessione

(15 Novembre — 19 Dicembre 2026).

In accordo al cronoprogramma. il presente collegio dei docenti dovra occuparsi dei seguenti punti:

- formulazione della relazione del dottorando sulle attivita svolte
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- formulazione del parere per il titolo di Doctor Europaeus
- proposta di formazione delle commissioni giudicatrici

- nomina dei valutatori esterni

Simone ARTINI

(Tutor: Prof. Salvatore Lorenzo; Co-Tutor: Prof. Mauro Paternostro)

11 collegio prende visione della relazione dell’allievo (allegato 1 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi
1) Prof. Angelo Carollo Universita degli Studi di Palermo
2) Prof. Andrea Smirne Universita degli Studi di Milano

3) Prof. Giacomo Guarnieri  Universita degli Studi di Pavia

Membri supplenti
Prof. Francesco Ciccarello Universita degli Studi di Palermo

Prof. Bassano Vacchini Universita degli Studi di Milano

Il collegio nomina i valutatori esterni:

1) Alessio Serafini, University College London

email: a.serafini@ucl.ac.uk

2) Stefano Gherardini, CNR-INO Firenze e LENS-Universita degli Studi di Firenze

email: stefano.gherardini@cnr.it; stefanogherardini@gmail.com
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Alessandro ROMANCINO

(Tutor: Prof. Gioacchino Massimo Palma)

11 collegio prende visione della relazione dell’allievo (allegato 2 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi
1) Prof. Angelo Carollo Universita degli Studi di Palermo
2) Prof. Andra Smirne Universita degli Studi di Milano

3) Prof. Giacomo Guarnieri  Universita degli Studi di Pavia

Membri supplenti
Prof. Francesco Ciccarello Universita degli Studi di Palermo

Prof. Bassano Vacchini Universita degli Studi di Milano

Il collegio nomina i valutatori esterni:

1) Prof.ssa Chiara Macchiavello, Universita di Pavia
email: chiara.macchiavello@unipv.it

2) Prof.ssa Maria Luisa Chiofalo, Universita di Pisa

email: marilu.chiofalo@unipi.it
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Valerio FARDELLA

(Tutor: Dott.ssa Serena Benatti, Cotutor: Dott. Antonino Petralia)

11 collegio prende visione della relazione dell’allievo (allegato 3 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi
1) Prof. Marco Miceli Universita degli Studi di Palermo
2) Dott.ssa Loredana Prisinzano INAF — Osservatorio Astronomico di Palermo

3) Dott. Antonino Francesco Lanza  INAF — Osservatorio Astrofisico di Catania

Membri supplenti
Prof. Fabio Reale Universita degli Studi di Palermo
Dott. Ignazio Pillitteri INAF — Osservatorio Astronomico di Palermo

Il collegio nomina i valutatori esterni:

1) Dott.ssa Monica Rainer, INAF - Osservatorio Astronomico di Merate
email: monica.rainer@inaf.it

2) Dott. Gaetano Scandariato, INAF - Osservatorio Astrofisico di Catania.

email: gaetano.scandariato@inaf.it
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Gabriele GALLETTA
(Tutor: Dott.ssa Giuseppina Micela, Cotutor: Dott. Salvatore Colombo)

11 collegio prende visione della relazione dell’allievo (allegato 4 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi
1) Prof. Marco Miceli Universita degli Studi di Palermo
2) Dott.ssa Loredana Prisinzano INAF — Osservatorio Astronomico di Palermo

3) Dott. Antonino Francesco Lanza  INAF — Osservatorio Astrofisico di Catania

Membri supplenti
Prof. Fabio Reale Universita degli Studi di Palermo
Dott. Ignazio Pillitteri INAF — Osservatorio Astronomico di Palermo

Il collegio nomina i valutatori esterni:

1) Dott. Jorge Sanz Forcada, Centro de Astrobiologia (CSIC-INTA), Madrid, Spagna

email: jsanz@cab.inta-csic.es

2) Prof. Ignasi Ribas: Institute of Space Sciences of the Spanish Research Council, Barcellona, Spagna

email: iribas@ice.csic.es; iribas@ice.cat
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Alessandro LO BIANCO
(Tutor: Prof. Giuseppe Cavallaro, Cotutor: Prof. Giusepper Lazzara, Prof.ssa Magdalena Broda)

11 collegio prende visione della relazione dell’allievo (allegato 5 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi

1) Prof. Francesco Ferrante Universita degli Studi di Palermo
2) Prof.ssa Daniela Meroni Universita degli Studi di Milano
3) Prof.ssa Kinga Pielichowska University of Krakow

Membri supplenti

Prof. Giuseppe Domenico Arrabito ~ Universita degli Studi di Palermo

Prof. Alberto Pettignano Universita degli Studi di Palermo

Il collegio nomina i valutatori esterni:

1) Prof. Arnon Chaipanich, Chiang Mai University, Department of Physics and Materials Science,
Thailand

email: arnon.chaipanich@cmu.ac.th
2) Prof.ssa Giuliana Gorrasi, Universita degli Studi di Salerno, Dipartimento di Ingegneria Industriale.

email: ggorrasi@unisa.it
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Dimitrios Kostantinos MANIADAKIS
(Tutor: Dott. Antonino D’Ai, Cotutor: Dott.ssa Elena Ambrosi)

11 collegio prende visione della relazione dell’allievo (allegato 6 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi

1) Prof. Rosario laria Universita degli Studi di Palermo

2) Prof. Andrea Sanna Universita degli Studi di Cagliari

3) Prof. Andrea Tiengo Istituto Universitario di Studi Superiori di Pavia

Membri supplenti

Dott. Ciro Pinto INAF — Istituto di Astrofisica Spaziale e Fisica Cosmica di
Palermo

Dott. Giancarlo Cusumano INAF — Istituto di Astrofisica Spaziale e Fisica Cosmica di
Palermo

Il collegio nomina i valutatori esterni:

1) Dott.ssa Domitilla De Martino, Osservatorio di Napoli
email: domitilla.demartino@inaf.it

2) Dott. Gianluca Israel, Osservatorio di Roma

email: gianluca.israel@inaf.it
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Claudia MARAVENTANO

(Tutor: Prof.ssa Tiziana Di Salvo, Cotutor: Dott. Giancarlo Ghirlanda, Dott.ssa Lara Nava)

11 collegio prende visione della relazione dell’allievo (allegato 7 al verbale).

Il collegio propone che la commissione giudicatrice per I’esame finale sia composta da:

Membri effettivi

1) Prof. Rosario laria Universita degli Studi di Palermo

2) Prof.ssa Elisabetta Bissaldi Politecnico di Bari — INFN

3) Dott. Fabrizio Fiore INAF — Osservatorio Astronomico di Trieste

Membri supplenti

Prof. Marco Miceli Universita degli Studi di Palermo

Dott. Ruben Salvaterra INAF — Istituto di Astrofisica Spaziale e Fisica Cosmica di

Milano

Il collegio nomina i valutatori esterni:

1) Prof.ssa Annalisa Celotti, Scuola Internazionale Superiore di Studi Avanzati, Trieste (Italy),
email: annalisa.celotti@sissa.it

2) Diego Gotz, Service d'Astrophysique (AIM) — CEA/DSM/Irfu, Saclay (France)

email: diego.gotz@cea.fr
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2) Cotutela Universita degli Studi di Palermo / Université Paris Cité:
proposta per la composizione della commissione dell'esame finale dell'allievo Andrea DAMONTE

Il coordinatore comunica che I’allievo Andrea DAMONTE ha completato il percorso di dottorato
in cotutela fra Universita degli Studi di Palermo / Université Paris Cité, svolgendo una tesi dal titolo
“M-dwarf XUV flares and their impact on hydrogen-water exoplanet atmospheres. The Proxima
Centauri system” sotto la supervisione di Prof. Antonio Garcia Mufioz (Université Paris Cité) e
Dott.ssa Giuseppina Micela (INAF — Osservatorio Astronomico di Palermo)

L’esame finale si svolgera presso Ormes des Merisiers, CEA Saclay - Gif sur Yvett (France), entro

la fine del 2026. La proposta di composizione della commissione giudicatrice segue I’accordo di
cotuela siglato fra le due Universita

Membri effettivi

1) Prof. Fabio Reale, Universita degli Studi di Palermo

2) Prof. Antoine Strugarek, Université Paris Cité

3) Dott.ssa Sandrine Vinatier, Université PSL

4) Dott. Pierre Drossart, Sorbonne Université

5) Prof. Antonio Garcia Muiioz, Université Paris Cité

6) Dott.ssa Giuseppina Micela, INAF — Osservatorio Astronomico di Palermo
7) Prof. Beate Stelzer, University of Tiibingen

8) Prof. ssa Antonija Oklopcic, University of Amsterdam

Il collegio, all’unanimita, approva la proposta di commissione

3) Riconoscimento titolo di dottorato conseguito all’estero (Dott. Oleh Petruk)

Il presidente comunica di avere ricevuto una nota da
U.O. Foreign students and qualification recognition — Immatricolazione studenti e verifica titoli
accademici stranieri

per il riconoscimento accademico del titolo di Dottore di Ricerca conseguito all’estero.

Tale nota invita il Collegio dei Docenti a stabilire se i documenti del Dott. Oleh Petruk, nato a Lviv
(Ucraina) il 02/02/1971, siano ritenuti corrispondenti al Dottorato in Scienze Fisiche e Chimiche
dell’Universita degli Studi di Palermo.

A tale fine, il presidente riassume 1 requisiti previsti dalle “Linee Guida per il riconoscimento
accademico dei titoli esteri di Dottorato di Ricerca in Italia”, emanate dal CIMEA nel mese di Luglio
2022.

“Ai fini della valutazione del titolo estero di dottorato per il rilascio diretto del titolo italiano
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di Dottorato di Ricerca (i), il titolo estero dovra sempre rispettare tutte le seguenti
caratteristiche:

(i) essere titolo ufficiale di terzo ciclo di dottorato del sistema estero di riferimento,
rilasciato da una istituzione ufficiale del sistema estero;

(ii) conferire i medesimi diritti accademici nel sistema estero di riferimento;

(iii) presentare i medesimi elementi di natura e disciplinari del titolo italiano corrispondente
in termini di durata, natura di ricerca e modalita di ottenimento;

(iv) deve esistere un titolo di Dottorato di Ricerca nel medesimo settore con cui si possa
comparare il titolo estero, sia per tipologia che per ambito disciplinare.”

Il presidente espone la documentazione presentata dal Dott. Oleh Petruk, che ¢ in possesso dei seguenti
titoli accademici:

- Laurea Specialistica in Fisica, conseguita il 28/06/1993, presso I’Universita Statale di Lviv
(Ucraina)

- Dottorato di Ricerca in Scienze Fisico-Matematiche (specializzazione in Astrofisica,
Radioastronomia) conseguito in data 27/06/2000 presso Main Astronomical Observatory, National
Academy of Sciences of Ukraine, Kyiv (Ucraina) presentando una tesi dal titolo «Hydrodynamic
simulations of supernova remnant evolution in non-uniform medium »

11 collegio dei docenti,

- vista la nota inviata da U.O. Foreign students and qualification recognition — Immatricolazione stu-
denti e verifica titoli accademici stranieri
per il riconoscimento accademico del titolo di Dottore di Ricerca conseguito all’estero;

- esaminata la documentazione presentata dal Dott. Dott. Oleh Petruk, nato a Lviv (Ucraina) il
02/02/1971, in possesso del titolo di Dottorato di Ricerca in Scienze Fisico-Matematiche
(specializzazione in Astrofisica, Radioastronomia) conseguito in data 27/06/2000 presso Main
Astronomical Observatory, National Academy of Sciences of Ukraine, Kyiv (Ucraina) presentando una
tesi dal titolo Hydrodynamic simulations of supernova remnant evolution in non-uniform medium;

accerta la coerenza sotto il profilo scientifico-disciplinare del percorso di formazione e di ricerca del
titolo estero con il Dottorato di Ricerca in Scienze Fisiche ¢ Chimiche;

pertanto, delibera all’unanimita il riconoscimento e il rilascio diretto del Dottorato di Ricerca estero
conseguito dal Dott. Oleh Petruk.

4) Provvedimenti Studenti: Autorizzazione di permanenza all’estero per un periodo non
inferiore a 6 mesi dell’allieva Marta Giuseppina EBBREO

Il presidente comunica di aver ricevuto da parte dell’allieva Marta Giuseppina EBBREO (XL ciclo) la
richiesta di autorizzazione per recarsi in missione presso:

Istituto di Scienza e Nanomateriali dell’Universita di Zaragoza — Spagna
dal 19 ottobre 2026 al 19 aprile 2027, per un periodo complessivo non inferiore a 6 mesi (180 giorni).

Durante il periodo all’estero, 1’allieva Marta Giuseppina EBBREO svolgera attivita di ricerca inerente
al suo progetto di ricerca.

Il collegio approva all’unanimita
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5) Ratifica decreti
Il coordinatore comunica che per motivi di urgenza, ha emanato i seguenti decreti:

Decreto del 17/09/2026
Oggetto: Ciclo di lezioni dal titolo “Advanced Soft Matter”; CoRI 2026 (Azione D1)
Proponente: Prof. Emanuele Marino

Studioso straniero: Prof. KODGER Thomas Edward

Decreto del 17/09/2026
Oggetto: Ciclo di lezioni dal titolo “Quantum chaos in non-Hermitian systems»; CoRI 2026 (Azione D3)
Proponente: Dott. Federico Roccati

Studioso straniero: Prof. Shinsei Ryu

Il Collegio dei Docenti, all’'unanimita, approva la ratifica dei decreti.

[l verbale e approvato seduta stante. La seduta si chiude alle ore 15:50.

Il Presidente Il Segretario
Prof. Marco Cannas Prof. Simopietro Agnello
‘ ) C
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Allegato 1

PHD IN PHYSICAL AND CHEMICAL SCIENCES, XXXIX COURSE
PhD Candidate: Simone Artini

Transcript of Records

Tutor: Prof, Salvatore Lorenzo
Cotutor: Prof. Mauro Paternostro

Courses/school /exam scores:

Agent-based models - Prof. Micciché
Quantum Information Theory - Prof. Paternostro
Open Quantum Systems and Quantum Machine Learning - Prof. Lorenzo, Dr. Innocenti

Research and training periods abroad

Research visit at [TP Ulm, from 20/04/2026 to 26/08/2026, supervised by Prof. Susana F. Huelga

Papers published:

Simone Artini and Mauro Paternostro. “Characterizing the spontaneous collapse of a wavefunction
through entropy production.” New Journal of Physics 25, 123047 (2023). DOIL: 10.1088/1367-
2630/ad153a. arXiv: 2310.12675 [cond-mat.stat-mech].

Simone Artini, Gabriele Lo Monaco, Sandro Donadi and Mauro Paternostro. “Non-equilibrium
thermodynamics of gravitational objective-collapse models.” Physical Review Research 7 (4),
043017 (2025). DOI- 10.1103 /7hqd-zf96. arXiv: 2502.03173 [quant-ph].

Simone Artini, Mauro Paternostro and Salvatore Lorenzo. “Coherent heat exchange in a
prethermalizing open quantum system.” Physical Review A 113 (5), 052203 (2025). DOI:
10.1103/q5vb-dfgj. arXiv: 2508.03193 [quant-ph].

Steve Campbell et al. “Roadmap on quantum thermodynamics.” Quantum Science and Technology
11(1),012501 (2026).DOI: 10.1088/2058-9565/aele27. arXiv: 2504.20145 [quant-ph].

Simone Artini, Gabriele Lo Monaco, Alberto Imparato, Mauro Patermostro and Sandro Donadi
“Broken Detailed Balance and Entropy Production in CPTP Quantum Brownian Motion.” Physical
Review Research 8 (3),033216 (2026). DOI: 10.1103/qqxn-qc4g. arXiv: 2507.23322 [quant-ph].
Pedro B. Melo et al. “Non-equilibrium thermodynamics of collapse models in the strongly non-
Gaussian regime.” arXiv: 2606.06259 [quant-ph] (2026).

Luca Innocenti et al. “A general estimation framework for continuous-variable systems.” arXiv:
2607.19287 [quant-ph] (2026).
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Conferences/workshop attended:

"Non-equilibrium thermodynamics of the quantum brownian motion®™ —
Nonequilibrium Quantum and Statistical Thermodynamics Workshop, Edinburgh,
UK (2026).

"Non-equilibrium thermodynamics of gravitational objective-collapse models" —
Workshop Fundamental Problems in Quantum Physics, Trieste, Italy (2025).
"Coherent heat exchange in a prethermalizing open quantum system” — Annual
Congress of the Societa Italiana di Fisica (SIF), Palermo, Italy (2025).
"Characterizing the spontaneous collapse of a wavefunction through entropy
production” — Workshop Exploring the Quantum Boundaries: an Odyssey into the
gravity related collapse models, INFN Sezione di Frascati, Italy (2024).
"Characterizing the spontaneous collapse of a wavefunction through entropy
production” — A look at the interface between gravity and quantum theory-2024
edition, San Vito di Cadore, Italy (2024).

- Posters:

“Non-equilibrium thermodynamics of collapse models in the strongly non-Gaussian
regime.” - Midsummer Conference on Open Quantum Systems, Decoherence, and the
Quantum-to-Classical Crossover, Helsiki, 2026;

“Non-equilibrium thermodynamics of collapse models in the strongly non-Gaussian
regime.” - Miniworkshop on Thermodynamics, Measurement and Classicality, Vienna,
2026.

Thesis title: Nonequilibrium thermodynamics of open quantum systems

Abstract:

In this Thesis, we investigate key aspects of the non-equilibrium thermodynamics of open
quantum systems, highlighting the implications of genuinely quantum features and character-
izing the thermodynamic properties of spontaneous wave-function collapse models. Quantum
thermodynamics is a fast-developing field, crucial both for assessing the energetic cost of
microscopic operations—made accessible by recent technological advancements—and for
providing fundamental insights into the emergence of microscopic irreversibility. Further-
more, the non-equilibrium thermodynamic framework serves as a powerful tool to probe
foundational, phenomenological models such as spontaneous collapse theories. Originally
introduced to resolve the quantum measurement problem, these models have only recently
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been examined through a thermodynamic lens, opening novel physical interpretations and
new avenues for experimental testing.

Specifically, we first analyze the non-equilibrium relaxation of a prethermalizing system,
where a long-lived metastable state precedes full asymptotic thermalization, induced by two
qubits interacting with a spatially correlated bosonic bath. The extended lifetime of this
phase, which preserves information about initial quantum coherences, allows us to formulate
a modified Fluctuation Theorem within the end-point measurement scheme.

We then analyze quantum Brownian motion models using their Wigner representation. This
phase-space approach allows us to adapt the framework of classical stochastic thermodynamics
to examine the non-equilibrium properties arising from symmetry and complete positivity
requirements, revealing a pairwise incompatibility among these properties and asymptotic
equilibrium. Finally, we turn our attention to the Continuous Spontaneous Localization

and Di’‘osi-Penrose models, as well as their dissipative extensions, characterizing the entropy
production driven by the collapse mechanism and evaluating their asymptotic steady-state
properties,

The PhD Board Dean

Marce Cannas
[ ated ;_-‘l.'.V\.v\..l'f}\
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Allegato 2

PHD IN PHYSICAL AND CHEMICAL SCIENCES, XXXIX COURSE
PhD Candidate: Alessandro Romancino

Transcript of Records
Tutor: Prof. G. Massimo Plma

Courses/school/exam scores:

+ Quanram Information Theory and Quantum Computing
+ Open Quantum Systems and Quanram Machine Learning
+ Quanram Opeics & Topology In Photonle Latmices

Rescarch and training perfods abroad
February 2025 - iy 2025

During the second year ['ve spent 6 months at the Universizat de Jes llles Balears (UIB), Palma de
Mallorea, Spaln. This research period abroad has been done from February to July 2025, financed by the
PhD fund Increase for periods abroad.

During the stay I've been supervised by Prof. Roberta Zambrind in UIB and I've spent my stay In the [FISC
(Institute for Cross Disciplinary Physics and Complex Systems) research Instizuse In UIB. The research has
been developed around the stady of Quantam Machine Learning, with the focus of Quantum Reservolr
Compuring.

Papers pablished:

L | Remero-Pullejh, |. Akiable, A. Romascine, C. Masconl, snd A Ssopers, “Meltipgartite Estsnglement in the
Disgonsd Symmetric Schapece” | Math Phyx 66, 022203 (2025). DOL: 101063 /50240964, arXiv:2803.05244

2. A. Remanciso, |. Romero Pallefh, G M Pules, and A Seopers, “Entsaglement Percolstion in Randos Qeantum
Networks” Quantum Sl Technel. 11, 025044 (2026). DOE: 101088 /2058-9565/se5fcs 2 Xiv-2602.10189

3. A. Remanciso, “Resdom Estanglement Percolation on Realistie Qeantum Networks™ Il Nusvo Omento C49, 1-4
(2026). DOE 10,1393/ M2026-26176-2. seXiv2604.21967

4. | Remero-Pullefh, | Abiable, A. Romsascine, C. Masconl, sad A Ssopers, “Errstum: Wudtipsetite Estsaglement In
e Disgoaal Symmetric Scbapace’ [[. Matk Phiys €6, 022203 (2025)]" I Math. Flys 67, 059902 (2026). DOI:
101063 /50324633

Conferences /workshop artended:

+ Talks:

» October 2024 - Invited talk: Enzanglement Percolation in Random Quancum Networks,
Working Party on Quantum Reservolr Compuring, Erice.

» Sepeember 2025 - Oral presentation: Encanglement Percolation in Random Quantion
Networks, 111th Congress of the [mllan Physical Soclety (SIF), Palermo. Woa the Best
Communication Award.

+ Posters:

» Sepeember 2024 - Poster presentation: Extanglement Percolation in Random Quancum
Nerworks, 16th Irallan Quanmem Informarion Science Conference, Pizzo Calabro. Won the
Homorable Mention from the journal Entropy.
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Thesis title:

Graphs and Complex Networks in Quancum nformation Theory
Realistic and resource aware quantum Informarion processing

Abstract:

This thesls smudies how graphs and complex network methods can be used 10 understand realistic and
resource - aware problems in quantum informarion The first part focuses on entanglement distribution in
quantum networks. After introducing percolation theory, | generalize entanglement percolation to
heterogencous nerworks In which the entanglement shared across the edges is randomly distributed. |
show thar classical entanglement percolation depends only on the average singlet conversion probabiliry,
while quanmum preprocessing based oa entanglement swapping becomes sensitive to the full diszribution
and can Jose Its advantage as the heterogenelty Increases. | also connect this framework 1o polarization:
dependens loss In photoaic quantum networks.

The second part surns 10 quantum machine learning, with particular artention 10 quantam reservolr
compuring and quantum exxreme learning machines under limited measurement resources. | introduce
an oaline training strasegy Insplred by shadow tomography and designed for finkte measurement
staristics. Fimally, [ revarn to complex networks by representing quantum correlarions inside & reservolr
as welghted networks and studying how thelr structure relates o machine learning performance.
Together, these results show how network methods can provide a common language for boch
enmnglement distribution and the analysis of quantum learning systems.

The PhD Board Dean

7%&“%@{/
Prof. Marco Cannas
thahodgtalmemeda

mmvmmﬂs Via Archirafl 36, 50123 Palermo, taly
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Allegato 3

Tramsoript of Records

Tutor: De Serens Besattl
Cotutor: De. Antonino Petralla

Courses/school / exam scores:
e School: Spectrascopic data analysis with Spec - laternational Susmer School, Wroctaw,

Poland, from September 2nd to S5th 2025

School: The Bianca Garflli School - Scientific Communication in Astronomy 3rd edition,
Bertinoro, italy, from October 12th to 17th 2025

School: INAF PhD School Francesco Lucchin - Spring 2026, Nicolosd, Italy, from May 24*
290 2026.

Course and exam score: Project Management in the Sdencific Spatial Context, by G. Micela,
Score A"

Course and exam score: Astrophysics Laboretory of Thermal X.ray plasmas, by C Pinto.
Score: A",

Course and exam score: Exoplanets course, by G. Micela. Score W',

Research and tralnlag perfods abroad

Comparative analysls of the RARPS-N plpeiine according with the stellor spectral Orpe, froes May 24 2025
(4] 145 2025 .

lmw support at the Telescople Nazionale Gallleo [TNC) located ot the Roque de los Muchaches
Olmervatory on the Island of La Palesa in the Canary Islands, Spain, learning how Lo operate the Instruments
and collecting data for the chservational program. | performsed & comparative analysis between the old and
e sew data reduction software pipelines of HARPS-N instrument af the TNG, ivestigating the arfgin of
Celr differences

Papers publisbed:
¢ WV Fardella, S Benatl, R Spiselll, D. Locct, G King ot al, snder second revision, Atranony &

Charactertsation of the 400 Myr old mults-planet systen K2-233".

Astroplysics,
¢ G Guilluy M. C. DArpa, A. S Bonoma, R Spinelll, F. Blassond, L Fossat], A Maggio, P Glacobbe, A F.

Lanza, A Sozzett], F. Borsa, M. Ralner, G Micela, L Alfer; G Andresuzy, A Bignassinl, W Boschin, L
Carlen, M Ceconl S Desbdera, V. Fardella, ot o, 2024, Asoromony & Astraphysics, “The GAPS
Prograreme of TNG. LIV A He | ssrvey of dicse-in glant planets hasted by M-K dworf stors with GLANO-
B
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M C DArpa, A Saba, F Borsa, L Fossatd, G. Micela, C. DI Mado, M Stangret, G Tripedo, L Alfec A S
Bomomao, S. Benatzl, M. Brogl, V. Fardella, ot &, 2024 Asromony & Aoraphysics, “The GAPS
at TNG. L Aonaspheric characterbotion of KELT 9 b vie dngle-line amalysis: Detection

o s HiIBolwwr N No L Col Coll Re L Fe IL Mg LTI I, Sc I, and O IV

* A S Bonome, L Naponbello, A Soxzettl, S Benatzl L Carlen, K Blazzo, P. E Cobillos, M. Damuasso, C
Df Maalo, C. Dorn, N Hars, D. Polychrond, ML Steinmeyer, K. A Collins, S. Desidera, X Dumesque, A
F Lanza, B S Safonoy, C. Stockdale, D. Turrind, C Zegler, L Affer, M. DArpa, V. Fardella, et al, 2026,
Astronomy & Astropiysics, “The GAPS progromee of TNG L0, A b Nepane svitable for
abmaspherk charoctertzation in o maltipdost and mulually hdined ssten orditng the beight K

(HIP 99452)"

o C Di Malo, 5 Bessatd, D. Locd, R Spinelll, M. Baratells, K Blazzo, | Maldonado, A. F. Lanza, C Do,
P E Cobillos, A Salesl, A Maggio, L. Naponlelo, F Marzarl, G. Micela, V. Fardella, et al, 2026,
Astronomy & Astrophysics, “The GAPS Programess of TNG LOON. Confirmation of the Aot sad-
Neptane TOI-4602 b (HD 25295 B), @ ey target for fulire otmaspheric dharacterfzation”.

* DI Mala, 5. Benattd, 5. Colomba, G. Plcciniad, R Spinelll, V. Pardella, of &l under second revision,
Astronomy & Astropipsics, Minbnure obsrvolons fir accarate Exoplonelory mats estimotor with
Radial Vdocity Analysts (MINERVA)

¢ M C DArpa, F Blassond F. Borsa, ¥ Singh, G. Micely, S Benatrl, L Malavelta, A F Lanza, S Deslders,
E Herrero-Chuneres, A S Bomomao, M. Brogl, G. Guilluy, L Fessarl L. Mandind, G Mantowves, W
Fardella, et al, subsitted, Atronsey & Astroplysics, “The GAPS programme of TNG TED. Oriviead
ngflsement and otmaspheric mwstigation of TOV- 1518 b

¢ D Sicllla M. Basilicats, G. Guilluy, G Scandariate, F Borsa, C DI Mado, M Brogl, A. Chieviesa, L

Fossatd, F. Amador] P. Glacobbe, A S Bonoma, A. Saxzetz], L. Mancind, G. Andrecaxd 5. Colomba, W

Fardella, et &, under revision, Monthly Netices of the Royal Astronomicel Society, “The GAPS

programme of TNG. TED. The st atmaspheric [mwetigotion of the gas glont WASP.13 b o Aigh
naolvtion with GIARFPS™

oaferences /workshop stteaded:

o May 25% 2024: "MINERVA: MINIimum cbservations for Exoplanetary mass estimation
with Rodial Velodity Analysis”, Arkel-IT, Palermo, italy.

o October 24™ 2024: " Understanding the planets on from the Rodial Velocity
and Transit Phocometry measures’, Chianti Topics 7%, Florence, Italy.

o November 28% 2024: “Stotus of AMSOT & AMS18, 21% GAPS Progress Meeting, Milan,
Italy.

o May 15 2025: AMS0! (TO1-2411) @ multi-planetary system?, 22% GAPS Progress
Meeting, Palermao, Italy.

o October 293 2025: “Statws of AMS18 (A2-233)°, 234 GAPS Progress Meeting, Catania,
Italy.

o Apeil 26™ 2026: AMSO1 (TOI2411) Always more planets’ 24™ GAPS Progress
Mecting, Rome, [taly.

« Posters:
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o February 26™ 2025: "Arief Masses Surwy (ArMS) Large Programme’, V. Fardella, S.
Benattd & ArMS collaboratras, Exoltaly, Rome, Italy.

o June 30 - July 3" 2025: “Two Low Mass Planets Orbiting the Late G-type Star TOJ-
2147, S Benami, V. Fardella, D. Bossini, F. Bouchy, N. Buschacher, et al, EPRVE
Conference , Porto (Portagal).

Thesls ttle: “Characterisation of low-mass multiplanet systems around late-type stars with varylng
activity”

Over the pact few decades, exoplanetary schence has transitioned from the mere detection of new worlds
to the detalled characterisation of their physical and orbital properties. The deployment of highly
productive space-bused missions, such i Kepler, K2, and the Trasaiting Exoplanet Survey Satellite (TESS),
has led 1o the discovery of thousands of ramiting exoplanets. However, understanding the true nature of
small ewplasets -specificaly these bridging the "radius valley” that separates rocky super-Earths from
velatile-rich sub-Neptunes - regaires procise mass determinations. These masses are lypically oblained
Brough ground-besed high-resclution Radial Veledty (RV) spectrescopy, which, when combined with
Dt photometry, allows us o conatrain planetury bullk dessities and Infer Internal compoasitions. The
primary challenge in measaring the subtle Doppler shifts induced by low-mass plasets sters from the
Intrinsic magnetic activity of their host stars, which can easily sl or mimic genuine planetiry signals.

This thesis is focused on the comprehensive characterisation of mul-planetary systems hosting low-mass
planets, wsing both transit photometry and high-peeciion RY cbservations. A significast portion of the
research presented in this ey, conducted within the Global Architecture of Planetiary Systems [GAPS)
collaboration and the Arfel Masses Survey [ArMS) programme with the HARPSN Righprecidion
spectrograph at the Telescopio Naxionale Gallieo [TNG), pertains © the application of advanced statbwtical
teols and Mul-Disse rodonal Gaussian Process (Mt-GP) frameworks to mitigate stellar jitter and robustly

extract planetary masses

T will begin by discussing a methodologhcal lnvestigation Into spectrescopic Dats Reduction Software (DRS).
Specifically, | will compare the two avallable HARPS-N pipelines 1o demonstrate how optimised data
ntly reduces RV dispersion for active stars and Impacts the detectaddity of low-mass

Fellowing this | will istreduce PANELLA, & custom-bullt Bayesian frasework 1o model planetary

Interiors. | will detall its application © & dessographic sample of 129 radics valley planets, revealing thar
planets with radil lower than 1.9 Re show 4 dear Earth-lke nternal compasition and providieng strong

expirical evidence for ervirosment-driven evelutionary pathwiys, such i sbmaspheric photoevaparation

Furthermore, | will detadl the in-dept analysis of two highly contrasting sl G- planetary systems (hat serve
i eystone Liboratories for planetury evolution: the young (400 Myr), highly active star K2-233, and the
matere (5 Gyr), magnetically quiescent star TOI-2411. 1 will present the complex Multh-GP RV analysis
required W charactere the teve transiting planets of K2-233, songside X-ray-driven photosvaporation
simulations that reveal the systes's ongolng atmospheric escape. In stark contrast, 1 will present the
discovery of & ressaricably compact, ste-planet archRecture in the TOR- 24 11 system, demonstrating how the
star's magnetic quiescence allowed for the detection of three additional non-transiting companions purely

from thedr Doppler signals. Notably, TOR-24 11 exhibits & highly intriguing dynamical configaration, where
some planets share an orbital plase aligned with the stellar egquator while others reside on inclined orbits,

strongly suggesting & peculiar and complex evolutionary history
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The core part of my work is the indepth analysis of these two systems (o [lestrate how Intense sellar
activity severely blases olmervational detections, and how the mature TDI-2411 architecture can be
Interpreted as the long-term evelutionary oulcomse of young systesss like K2-233 Ulthesately, the procise
planetary masses and structursl charscterbations derfved in this work Ly 4 crudal foundation for the nest
generation of atmaospheric studies with the [ames Webb Space Telescope (JWST) and the upcoming ESA-
Arfel space mission.

The PhD Board Dean

Fnscs Chmion-
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Allegato 4

PHD IN PHYSICAL AND CHEMICAL SCIENCES, XXXIX COURSE

PhD Candidate: .....Gabriele Galletta.......

Transcript of Records

Tutor: Gluseppina Micela
Cotutor: Salvatore Colombo

Courses/school/exam scores:

Workshop on Astrostatistics by Eric D. Feigelson

PLATO GOP Workshop 24-25/02/2026

Course and exam: Project Management in the Scientific-Spatial Context by G. Micela. Score A
Course and exam: Astrophysics laboratory of thermal X-ray plasmas by C. Pinto. Score A
Course and exam: Exoplanets course by G. Micela. Score A

Research and training periods abroad
6 months in London in Blue Skies Space Ltd. contributing to the satellite MAUVE

Papers published:

e Galletta et al published the 13/06/2025: Exploring short-term stellar activity in M dwarfs: A
volume-limited perspective, Astronomy & Astrophysics, 698:A180

e Galletta et al published the 20/08/2026: Characterizing stellar flares in Ariel targets: activity
analysis and transit contamination. RAS Technigues and Instruments, rzag062.

e Galletta et. al submitted the 10/06/2026 on RAS Technigues and Instruments: PHOTO-CAT -
Photometric Contamination Analyzer Tool: A High-Performance Framework for Photometric
Contamination Assessment (R2 submitted on 21/09/2026)

e Micela et. al submitted the 29/07 /2026 on RAS Techniques and Instruments: An Ariel end-to-end
experiment on a small sample of targets: Target selection and characterization.

Conferences/workshop attended:

- Talks:

o IT Sclence Ariel Meeting Palermo, 20-22 May 2024, Short-term stellar activity
analysis of the Ariel dry run's targets

o VIl Congresso Nazionale della Societa Italiana di Astrobiologia, Messina, 11-13 June
2025, Exploring short-term stellar activity in M dwarfs: A volume limited
perspective

o 111° Congresso Nazionale Societd italiana di Fisica, Palermo, 22-26 September
2025, Exploring short-term stellar activity in M dwarfs: A volume limited
perspective

o MAUVE Members Meeting, London, 24-26 November 2025, Contamination Analyzer
Tool
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o Ariel-IT: S5th national meeting on Ariel science, Firenze, 04-06 May 2026,
Characterizing Stellar Flares in the ARIEL Targets: Activity Analysis and Transit
Probabilities

o Ariel Consortium Meeting, Wien, 15-18 September 2026, Characterizing stellar
flares in Ariel targets: activity analysis and transit contamination

- Posters
o Exoplanets in [taly: status and perspectives, Rome, 26-28 February 2025, Exploring Short-
Term Stellar Activity in dM Stars
o Ariel Open Conference, London, 17-19 March 2026, Characterizing Stellar Flares in Ariel
Targets: Activity Analysis and Transit Contamination

Thesis title: Stellar Activity and contamination analysis: Analysis Techniques and SoRtware
Optimization with Applications to Spatial Missions.

Abstract:

The characterization of exoplanetary systems relies increasingly on high-precision photometric
observations, whose interpretation can be strongly affected by stellar activity, star-planet interactions, and
flux contamination from unresolved or nearby sources. This thesis investigates these effects across
different observational and physical scales, combining the analysis of stellar flares, the study of activity-
planet connections, and the development of scalable tools for photometric contamination assessment.

The first part of the thesis focuses on stellar flaring activity in low-mass stars. A homogeneous volume-
limited sample of M dwarfs within 10 pc was analysed using Transiting Exoplanet Survey Satellite (TESS)
light curves. An iterative Gaussian-process detrending procedure was adopted to remove long-term stellar
variability while preserving short impulsive events, which were subsequently identified and characterized
in terms of amplitude, duration, and energy. Injection-recovery experiments were used to validate the
detection pipeline and quantify its completeness and biases. The resulting flare frequency distributions
were described using power-law models, and the Flare Energy Index, GE01, was introduced as a normalized
activity metric that enables comparisons among stars with different bolometric luminosities. The analysis
revealed a broad diversity in flare activity and identified distinct activity regimes within the nearby M-
dwarf population.

The same methodology was subsequently applied to the Ariel Mission Candidate Sample to quantify the
potential impact of stellar flares on observations of exoplanetary transits and atmospheres. Using TESS
observations of 290 Ariel targets, more than 15,000 flares were identified and characterized The resulting
flare distributions show that relative flare activity increases towards lower stellar luminosities, while a 3%
of targets exhibits enhanced activity. The analysis also provides a statistical estimate of the probability that
a fMare occurs during a transit observation, demonstrating that stellar variability can represent a significant
source of contamination for the most active Ariel targets.

A complementary analysis investigates possible signatures of star-planet magnetic interaction in the active
planetary systems of Praxima Centauri and AU Microscopii. The flare occurence time serfes were analysed
through periodicity searches and phase-folding techniques, with particular attention to stellar rotation,
planetary orbital periods, and the corresponding synodic periods for different orbital configurations.
Periodogram analysis, including CLEAN deconvolution, was used to distinguish candidate periodic signals
from sampling-related effects.

The final part of the thesis addresses a different but complementary observational challenge: photometric
contamination produced by neighboring sources in wide-field surveys. To this purpose, the tool PHOTO-
CAT was developed. The ool constructs a three-dimensional representation of the sky from large

astrometric catalogues, performs rapid spatial neighbour searches using a memory-optimized KDTree, and
derives target-by-target contamination metrics from source separations and relative fluxes.
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Both geometrical aperture models and a Gaussian PSF-based model are supported, together with optional
conversion to arbitrary instrumental bandpasses using empirical photometric relations or stellar-
atmosphere models. PHOTO-CAT was benchmarked on large Gaia datasets and applied to the Ariel Mission
Candidate Sample, demonstrating how contamination can vary with wavelength and observing geometry
and how such information can support target selection and observation planning.

The results presented in this thesis have been partially published in the following works: Galletta et al
(2025), Exploring Short-Term Stellar Activity in dM Stars: A Volume-Limited Perspective; Galletta et al. (2026),
Characterizing Stellar Flares in Ariel Targets: Activity Analysis and Transit Contamination; and Galletta et al

(2026 submitted), The Contamination Analyzer Tool: A High-Performance Framework for Photometric
Contamination Assessment.

The PhD Board Dean

Marce Cannas
aten oMo~
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Allegato 5
PHD IN PHYSICAL AND CHEMICAL SCIENCES, XXXIX COURSE
PhD Candidate: Alessandro Lo Bianco
Transcript of Records
Tutor: Prof. Giuseppe Cavallaro

Cotutor: Prof. Giuseppe Lazzara, Profssa Magdalena Broda

Courses/school /exam scores:
Courses:

“Advanced microscopy and spectroscopy techniques applied to nanomaterials”, S. Agnello and G.
Buscarino, University of Palermo (20 hours)

“Organic/Inorganic Nanocomposites: thermodynamics, structure, and applications”, G. Cavallaro,
University of Palermo (20 hours)

“Heterogeneous Catalysis: Computational and Experimental Perspectives” L. Lisuzzo, University of
Palermo (20 hours)

“Soft Matter course 2024" T. E. Kodger and E. Marino (18 hours)

School:

Jaly 1-3, 2025

Soft Matter Sumumer School
Gremoble, France.

Fobruary 9-11, 2025
VI Scuola ATAr “T rebitt dal momdo antico: dal recuparo all comservazione™
Marsahy, Ialy

Jame 29-Tuly 5, 2024
NATO ASI Summer School “Nanomaterals and Nanoarchatectures I™

Rescarch and training periods abroad

Brno University of Technology, Brno, Czech Republic, October 34 - November 5% 2025
University of Melbourne, Melbourne, Australia, February 164 - July 21« 2026

Papers published:

. Ametta, F; Lo Bianco, A ; Boikoe, V.; Hreniak, D.; Saldino, M. L Ancient Blwe, Modam Speed:
Microwave-Assisted Synthesis and the Role of Stuctural Evoluation in Han Blue Lummescence. J
Mater Chem C 2026. 2

hizpsdos ocg/10 1039/d6ec021110
2. Lo Bianco, A.; Ebbreo, M. G Cavallaro, G.; Cahvino, M. M.; Zhao, Y; Agnallo, S.; Lazzan, G.

mm&ummx-mwymmdmaqm
Filled Within Chitosan Matrix. Adv Maver Inrerfaces 2026,
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3. LoBianco, A ; Calvino, M. M_; Fiorilla, S_; Brezina, M.; Hajzler, J; Lisuzzo, L ; Cavallaro, G.; §ilx,P.;
Lazzara G. Wood Ash Lye as a Sustainable Alkaline Activator for Halloysite Nanotube-Based
Geopolymers with Improved Performance and Durability. ACS 4ppl. Marer Interfaces 2026, 18 (34).
46691-46704. https.//doi orz/10 1021 /acsaml 6¢14048

4. LoBianco, A Ametta F; Boiko, V; Hreniak D_; Saladino, M. L. What If the Ancient Egyptians Had
Lﬁm’mmm&mwﬂ!m&sxsmp@mm}m
History. Inorg. Chem. 2026, 65 (15), 8422-8430. https://doi.orz'10.1021/acs morzchem Sc05969

5. Lo Bianco, A ; Calvino, M. M_; Cavallaro, G.; Liu, M.; Milioto, S.; Lazzara, G. Sustainable Food
mmww&mmmwmmmm
quswzogmzmmmm 359 151852.

6. IanncoA CalnnoMM. Cavallm'oG m::to S.; Lazzama G_; Broda, M. Halloysite-Based
ﬁ:rtheMmenhnnonandSubihnnonofPomus%d Ceramics Intermational

2026. https://doi org/10.1016/]. ceramint 2026.04.047

7. Lo Bianco A ; Ametta F.; Calvino, M. M ; Gagliardo Briuccia, G. E.; Macalik, B.; Hreniak D ;
Saladino, M. L.; Lazzara, G.; Cavallaro, G. Im'rsbleNu'-InﬁmedImmesceankerhcapumg
EgypuanlmmHaIloyme—BasedGeopolymhm AppbcmsmComtTaggngJomuqu
Allgys and Compounds 2026, 1050, 185458. 2

8. LoBianco, A ; Calvino, M. M ; Lazzara G.; Milioto, S.; Cavallaro, G. Geopolymerization of Halloysite
ChmembsLﬁmdwxﬁHy&uypmpleeﬂnhsethdmofCompomansm
Flame Resistance Properties. Ceramics International 2026, 52 (10, Part B), 15130-15138.
hitps://doi.orz/10.1016/).ceramint 2025.06.260

9. LoBianco, A Calvino, M. M_; Cavallaro, G.; Siler, P.; Wasserbauner, J.; Milioto, S.; Lazzara G. Hollow
Spherical Capsules From Geopolymerized Gel Beads With Halloysite Nanotubes for Pollutants
Removal and CO2 Capture. Smail 2025, 21 (33), 2504306. https:/'doi.orz/10. 1002 /smll 202504306

10. Lo Bianco. A ; Calvino, M. M_; Cavallaro, G.; Lisuzzo, L ; Pasbakhsh P; Milioto, S.; Lazzara G.;
Lvow, memmmwwmmammmmm

toGeopolymfotOO"CQm .9m1120u,20(51),”40681.

ll.AmF LoBunr.oA. Boiko,V Hmmak,D Saladino, M. L. Multimodal
Inks: ModunUseofmAmmhgmmmS)mgymthamphoWJMmMC
2025, 13 (3), 1188-1197. https-//doi orz/10.1039/d4:c04228]

Conferences/workshop attended:
Talks:

September 16-19, 2025
8th Central and Eastern European Conference on Thermal Analysis and Calorimetry (CEEC-TACS), Mostar,

Bosnia and Herzegovina.

Lo Bianco A, Calvino M M., Cavallaro G., Milioto S_, Hreniak D_, Boiko V., Ammetta F., Saladimo ML,
wmmm&mm»mm mtrdlomamlepobmm
Across Scales.

TJaly 13-18, 2025

ICC 2025 - XVIII International Clay Confexgnces, Dublin, Ireland

Lo Bianco A, Calvino M M., Cavallaro G., Siler P, Milioto S, Lazzam G.; Tailoring Functional Properties in
Hybrid Compasites through Geopolymerization: From Fire Resistance to Pollutant Capture.
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AR I mm 9-1], 2024
AICAT 2024 - X1V National Conference on Calorimetry, Thermal Analysis and Applied Thenmodynamics,
Caserta, Italy.

Lo Bianco A, Calvino M. M., Cavallaro G., Pasbakhsh P. I azzara G., Milioto S.; Enhancing Functional
Properties of different Materials through Geopolymerization: “Improved Flame-Retardancy and Pollutant
Adsorption”.

14,2024
MoDeSt 2024 11* conference of the Modification, Degradation, Stabilization of Polymers Society, Palermo,
Italy.
Lo Bianco A, Calvino M. M., Cavallaro G., Pasbakhsh P. Lazzara G., Milioto S.; “Geopolymers Bgyond
Construction: Enhanced Adsorption and Flame Retardancy in Nanocomposite Systems ™.

Posters:

July 1-3, 2025

Sqft Marter Summer School, Grenoble, France.

Lo Bianco A, Calvino M. M., Cavallaro G., Siler P., Wasserbaner J., Milioto S., Lazzara G.; “Hollow Spherical
thsf-‘m GmpobmodeM WiﬂlﬂhmmmﬁrMIumwdadOO;C@M :

Febmary 12-14, 2025
XIT Congresso Nazionale AL4r, Palermo, Italy.
Lo Bianco A, Calvino M. M, Cavallaro G, Broda M., Lazzara G., Milioto S.; "Geopolymears: 4n Imovame

June 20-Tuly 5, 2024

NATO AST Summer School “Nanomaterials and Nanoarchitectures II”, Bratislava, Slovakia.

Lo Bianco A, Calvino M. M, Cavallaro G., Pasbakhsh P. Lazzara G., Milioto S.; "Development and
Mmqmmmmmmmmmmm
Geopolymers and Ceramics ™.

Thesis title: ADVANCED GEOPOLYMER-BASED MATERIALS FOR STRUCTURAL AND FUNCTIONAL
APPLICATIONS

Abstract:

This Ph.D. thesis presents the development and comprehensive characterization of innovative, eco-friendly
materials based on the alkaline activation (geopolymerization) of halloysite clay nanotubes (HNTs),
evaluated both as pristine inorganic networks and as biopolymer-geopolymer hybrid architectures.

In the first part of the research, the unique long morphology of Patch halloysite nanotubes enables the
fabrication of self-standing inorganic films without organic binders. Driven by physical nanotube
entanglement into a "bird’s nest” structure, these binder-free films exhibit notable flexibility, superior
thermal shielding properties, and intrinsic flame resistance. Subsequent alkaline activation converts the
inorganic precursors into highly porous geopolymers that double the carbon dioxide (C0;) capture capacity
relative to unreacted clay films.

The second part explores hybrid composite systems across two- and three-dimensional geometries. The
alkaline activation of chitosan /halloysite composite films converts the clay component into an amorphous
geopolymer while preserving the cationic biopolymeric matrix. This structural transformation generates
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" surface microcracking
and significantly elevates poresity from 2% up to 49%, resulting in a ~220% increase in dodecane vapor
uptake and 2 ~509% enhamcement in agueous phenal adsorption. Simélarly, the geopolymerization of
jonically cross-inked algimate/HNT gel beads converts compact composite spheres imto hollow
geopolymeric capsules with an intermal macrascopic cavity of approximately 950 pm. These hollow
capsules display increased compressive flexibility, enhamced water retemtion, and doubled CO;
sequestration efficiency. Furthermare, the geopolymerization of hydroxypropyl cellulose nanccompesite
films forms a protective inorganic coating around the biopolymeric fibers, substantially increasing the
Young's modulus up to 4101 MPa and imparting immediate flame-extinguishing capability within 0.53
seconds. Finally, these geopolymeric platforms are extended to complex substrates, smart tagging, and
circular chemistry. Vacuum impregmation of halloysite into waterlogged archaeological wood, followed by
in situ geopolymerization, reduces volumetric drying shrinkage from 70% to 27-20% while enhancing
mechanical strength and buffering against acld decay. Incorporating trace amounts of anclent Egyptian blue
pigment (0.2-0.6 wt.%) into halloysite geopolymer mortars yields covert, near-infrared luminescent
markers (910-950 nm) for optically invisible QR codes used in anti-counterfeiting. Finally, blomass waste-
derived wood ash lye was successfully validated as a sustainable alternative to industrial sodium hydroxdde,
yiclding halloysite geopolymers with a dense microstructure, superior water durability, and a reduced
environmental footprint.
Overall, this wark demonstrates that halloysite geopolymerization represents a versatile, sustainable
platform for engineering multifunctional materials taflored for emvironmental remediation, greenhouse gas
capture, and thermal protection.
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Allegato 6

PHD IN PHYSICAL AND CHEMICAL SCIENCES, XOO(IX COURSE

PhD Candidate: Manadakis Dimitrios Kostantinos

Transcript of Records

Tutor: Antonino DAl
Cotutor: Elena Ambrosi

Courses/school/exam scores:
- Courses

« Millisecond Pulsars — Prof Rosario lana — Maximum score
« Astrophysics Laboratory of Thermal X-ray Plasmas — Dr. Ciro Pinto — Maximum score
« Magnetohydrodynamics in Astrophysical Processes — Dr. Salvatore Colombo — Maximum score

- Schoals

« Computing and High Performance Computing — 24 June 2024 - 5 July 2024
Programming and optimization skills tallored for parallel computers. The course provided theoretical and
hands-on traming.

Research and training periods abroad:

« ESA Archival Research Visitor Programme, European Space Astronomy Centre (ESAC), Madnd, Spam —
january 2025 to April 2025.

Development of a pepeline for energy resolved pulse-profile and pulsed fraction analysis with XMM-
Newton, applied to simultancous XMM-Newton and NuSTAR observations of Vela X-1. Adwvisor: Dr. Felix
Parst.

« Visiting Research Stay, Dr: Karl Remeis Ohservatory, Fnednch - Alexander-Unversatat Erlangen-Narnberg
(FAU), Bamberg, Germany — January 2026 to April 2026.
Collaboration with De Ekaterina Sokolova-Lapa and Prof |[arn Wilms on Monte Carlo simulations of

cyclotron-kne formation in accreting X-ray pulsars and theoretical predictions of their energy-dependent
vanahilty.

« Observational Sheft at the Large Szed Telescope 1 (LST-1), Roque de Jos Muchachas Ohservatory, La
Palma, Spain — 2 September 2026 to 24 September 2026.
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Papers published:

« D. K. Maniadakis et al., “Energy-resolved pulse profiles of Vela X-1: Cross-calibrating XMM-Newton and
NuSTAR to trace spectral features,” Astronomy & Astrophysics, 710, A357 (2026). DOI: 10.1051/0004-
6361/202659954.

« D. K. Maniadakis et al., “How the spin-phase variability of cyclotron lines shapes the pulsed fraction
spectra: Insights from 4U 1538-52," Astronomy & Astrophysics, 700, A70 (2025). DOI: 10.1051/0004-
6361/202555112.

» A_ DA, D. K. Maniadakis et al,, “Energy-resolved pulse profile changes in V 0332+53: Indications of wings
in the cyclotron absorption line profile,” Astronomy & Astrophysics, 694, A316 (2025). DOI: 10.1051/0004-
6361/202451469.

* E. Sokolova-Lapa, D. K. Maniadakis et al., “Fmgerprnts of thermal Comptonization i accreting
neutron stars: Plasma-vacuum interplay in cyclofron lines and polansation™ arXiv e-pnnts,
arXiv:2608.24396 (2026). DOI: 10. 48550/n}(1v2608 24396. (Submlthed under peer review)

¢ E. Ambrosi et al, “The elusive cyclotron line in 4U 1901+03: Hidden, yet present,” Astronomy &
Astrophysics, 709, A42 (2026). DOI: 10.1051/0004-6361/202557808.

« C. Malacaria et al., "Double-hump spectrum, pulse profile dip, and pulsed fraction spectra from the low-
accretion regime in the X-ray pulsar MAXI J0655-013," Astronomy & Astrophysics, 706, A321 (2026). DOI:
10.1051/0004-6361/202557862.

CTAO/LST collaboration papers:

« K. Abe et al,, “Constraints on the VHE Counterpart of Two Binary Black Hole Mergers Observed by the
MAGIC and CTAO LST-1 Telescopes,” Publications of the Astronomical Society of the Pacific, 138, 084101
(2026). DOL: 10.1088/1538-3873/aeBa7e.

» K. Abe et al, "Detection of the distant quasar OP 313 with the first Large-Sized Telescope of CTAO,
Astronomy & Astrophysics, 712, A91 (2026). DOI: 10.1051/0004-6361/202558646. « K. Abe et al,, “CTAO
LST-1 observations of magnetar SGR 1935+2154: Deep limits on sub-second bursts and persistent tera-
electronvolt emission,” Astronomy & Astrophysics, 706, A25 (2026). DOI: 10.1051/0004-
6361/202555431.

K. Abe et al,, "VHE y-ray observations of bright BL Lacs with the Large-Sized Telescope prototype (LST-1)
of the CTAO," Monthly Notices of the Royal Astronomical Society, 544, 669-686 (2025). DOL:
10.1093/mnras/staf1728.

« K. Abe et al, "Constraining the TeV gamma-ray emission of SN 2024bch, a possible type lIn-L from a red
supergiant progenitor: Multiwavelength observations and analysis of the progenitor]” Astronomy &

Astrophysics, 702, A125 (2025). DOI: 10.1051/0004-6361 /2025547 21.

« K. Abe etal,, "GRB 221009A: Observations with LST-1 of CTAO and implications for structured jets in long
gamma-ray bursts,” The Astrophysical Journal Letters, 988, L42 (2025). DOI: 103847 /2041-8213 /ade4cf.

« K. Abe et al,, “Detection of the Geminga pulsar at energies down to 20 GeV with the LST-1 of CTAO/
Astronomy & Astrophysics, 698, A283 (2025). DOI: 10.1051/0004-6361/202554350.
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« [talian National Conference of Compact Objects, Alghero, [taly — 24 September 2024. "Revealing
complex cyclotron line shapes in X-ray pulsars through pulsed fraction spectra”

« Feeding the Spinning Top, Santander, Spain — 4 March 2025. "The extremely variable cyclotron
line of 4U 1538-52 and its effect on the energy-dependent pulse profiles.”

» Accretion Meeting, Vasto, Italy — 26 June 2025. "How the spin-phase variability of cyclotron lines
shapes the pulsed fraction spectra: Insights from 40U 1538-52"

« 18th JACHEC Meeting, Seeblick Pelham, Germany — 20 April 2026. “Energy-resolved pulse
profiles of Vela X-1: Cross-calibrating XMM-Newton and NuSTAR to trace spectral features.”

* NewAthena Rising: SWG4, Barcelona, Spain — 2 June 2026. "Energy-resolved pulse profiles of
Vela X-1: Cross-calibrating XMM-Newton and NuSTAR to trace spectral features.”

» Super-Eddington Accretion onto Compact Objects, Cagliari, Italy — 25 June 2026. "Broadband
pulsed fraction spectroscopy of Vela X-1: Cross-calibration and modelling with simultaneous

XMM-Newton and NuSTAR observations.”

- Posters:

» Microguasar Workshop, Cefald, [taly — 15 September 2025, "How the spin-phase variability of cyclotron
lines shapes the pulsed fraction spectra: Insights from 4U 1538-527

Thesis title: Timing signatures of spectral features in strongly magnetized X-ray pulsars

This thesis investigates the pulsed fraction spectrum of strongly magnetized X-ray pulsars. The pulsed
fraction measures how strongly the observed emission changes during one rotation of the neutron star,
while the pulsed fraction spectrum describes how this variability changes with energy. By analyzing
different sources, 1 show that structures in the pulsed fraction spectrum are produced by spectral
variability throughout the pulse cycle, and that the signatures associated with cyclotron resonant scattering
features can be used to constrain the geometry of the system. Pulsed fraction spectra can also reveal
spectral features that are difficult to identify in phase-averaged spectroscopy, provide a tool for cross-
calibration between X-ray instruments, and reveal the timing signatures of soft X-ray emission lines. Finally,
Monte Carlo simulations of cyclotron-line formation are used to generate simulated pulsed fraction spectra
and investigate how these signatures depend on the magnetic geometry and viewing angle.

The PhD Board Dean

. Marg® Cannas
atéd ’&M
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Allegato 7

PHD IN PHYSICAL AND CHEMICAL SCENCES, XXXIX COURSE
PhD Candidate: Clandia Maraventano

Transcript of Records

Tutor: Prof Tiziana di Salvo (University of Palermo)
Co-tutors: Dr. Giancarlo Ghirlanda, Dr. Lara Nava, (INAF Brera)

Courses/school/exam scores:

o _Astrophysics laboratory of thermal X-ray plasmas
(Ref. C. Pinto — giro pinto@inafid
Exam score: A= ottimo

o Millisecond Pulsars: Theory and Observations
(Ref R. Iana — rosario iana@unipa it)
Exam score: A= ottimo

o Quantum field theory in a curved spacetime or in non-inertial frames

(Ref 1) R. Passante roberto passante@unipa it; (Ref 2) L. Rizzuto lucia rizzato@umipa if)
Exam score: A= ottimo

Research and training periods abroad

Institut dAstrophysique de Paris (IAP), Paris - France

Visiting student, April 2025 - October 2025

Research project: Studying the nature of the emission process in gamma-ray bursts
Supervisors: Prol. E Daigne (IAP, Sorbonne Université), Prof. R. Mochkovitch (IAP)

Papers published (chronological order, as of September 2026)

» The puzzling orbital residuals of XTE J1710-281: Is a Jovian planet orbiting

the binary system?

laria, R, Di Salvo, T, Anitra, A, Miceli, C, Leone, W, Maraventano C, . & Burderi, L, 2024, ARA.
https//dolorg /10100 1/0004-63601 /202449299

« High energy time lags of gamma-ray bursts
Maraventano, C., Ghirdanda, G, Nava, L, Di Salvo, T, Leone, W, laria, R, .. & Tsvetkova, A, 2025, ARA.

* Time domain astrophysics with transient sources Delay estimate via Cross Cor-
relation Function technigues
Leone, W, Burderi, L., Di Salvo, T, Anitra, A, Sanna, A, Riggio, A, Maraventano C, ... & Miceli, C, 2025, ASA.
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« A Mysterious Feature in the NICER Spectrum of 4U 1820-30: A Gravitationally Redshifted Absorption Line?
laria, R, Di Salvo, T, Anitra, A., Barra, F, Sanna, A, Maraventano, C., ... & Burderi, L, 2026, Ap).

https://dolorg/103847/1538-4357 /ae2758

« Time lags as a proxy of the spectral evolution in gamma-ray bursts
Maraventano, C, Daigne, F, Mochkovitch, R, Nava, L., Ghirlanda, G., & Di Salvo, T, 2026, ARA.
https: //dol.org/10.1051/0004-6361 /202660232

e 4U 1624-490 as a possible intermediate-mass X-ray binary: constraints from XRISM and NuSTAR

spectroscopy
laria R., Anitra A, Di Salvo T, Sanna A., Barra F, Burderi L, Maraventano C, Caserta S, Leone W, Miceli C.,
2026, accepted for publication in A&A.

« On the origin of negative spectral lags in gamma-ray bursts
Maraventano C and Mochkovitch, R, 2026, in preparation.

« Time lags in gamma-ray bursts with Swift
Maraventano C et al,, 2026, in preparation

Conferences/workshop attended:

- Talks:

® Speaker at First CTAO Summer School (2024): “Time Delays Between LLE and GBM light
curves of GRBs”

® Supplementary teaching activity (docenza integrativa), 62 hours, “Laboratorio di Fisica I:
Statistical Data Analysis with Laboratory”, BSc in Physics (L-30), Department of Physics and
Chemistry - Emilio Segré, University of Palermo, AY. 2025/2026 (02/03/2026 -
05/06/2026).

- Posters:
* Poster presentation at International Conference “Celebrating 20 years of Swift Discoveries

(2025)": “Investigating High-Energy Time Lags in Gamma-Ray Bursts with Fermi-LAT and
GBM”

Thesis title: Spectral lags as a probe of the prompt emission physics in Gamma-Ray Bursts

Abstract:

Gamma-Ray Bursts (GRBs) are the most luninous transient phenomena in the observable Universe:
bnef flashes of gamma-ray radiation, released at cosmological distances (up to z ~ 9.4) wath 1sotropic-
equivalent energies from ~10* to a few 10* erg. Thewr bimodal duwration distnbution motivates the
classification mto short GRBs (= 2 5), associated with the coalescence of compact objects, and long

GRB:s (= 2 5), produced by the core collapse of massive stars. GRBs display a lughly vanable prompt
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emussion (keV-MeV), followed by a long-lasting broadband afterglow. In the standard fireball model
both phases are powered by an ultra-relativistic collimated outflow, with bulk Lorentz factor I' ~ 100—
1000: the prompt emussion anses from mternal dissipation within the jet, the afterglow from the shock

Despite five decades of observations, the physical ongin of the prompt emussion remains an open
question: how the jet energy 15 dissipated, and wiach radiative process converts it into the observed
photons. A powerful observable m this context 15 the spectral lag, the time delay 1 between the hight
curves of the same burst in two different energy bands. whose measurement requires far fewer photons
than a full spectral charactenzation and does not rely on any assumed spectral model. The lag1s
defined as positive when the hard photons amive before the soft ones, and negative m the opposite
case. Long GRBs systematically show positive lags m the keV-MeV range, while at GeV energies
negative lags have been reported m a few bright bursts. Short GRBs, on the other hand are
consistently found to have lags compatible wath zero. The interpretation of these delays 15 not yet
settled: they may reflect the way the spectrum of a single component evolves in time. or the
meﬁsbmof&sﬁndaﬁsﬁmwmsssmhﬁngmhobmmdm&aﬁmanhnﬂnm

dnnngthemssmnofﬂnhtst,zndwhmhoonpmmztphy

In order to understand the link between time lags and spectral evolution m GRBs, duning my PhD 1
computed spectral lags over the wadest energy baselne considered so far, from the soft X-rays to 100
MeV, and combmed them with time-resolved spectral analysis.

I performed a systematic study of GRB spectral lags, extending for the first time the analysis into the
30-100 MeV domam by exploiting Fernu L AT Low-Energy (LLE) data jointly with Fernm/GBM data
for a sample of 70 GRBs. Cross-comelating the light curves mn four energy bands, I found that the lags
measured within the GBM range (10 keV — 1 MeV) are predommantly positive, with no significantly
negative case. The lag between the lowest GBM band and the LLE band instead. splits the sample
almost evenly between sigmficantly positive (40%) and negative (37%) values. A positive lag would
be consistent wath a single component. softening 1n time that dommates across the whole energy
range, whereas a negative lag mught suggest that a distinct and harder component emerges m the L1E
band while the prompt emmssion 15 fading.

To clanfy the spectral ongin of this behavior, I performed a time-mtegrated spectral analy=is of the
L1LE data, companng the spectral slope measured m the LLE band with the extrapolation of the keV-
MeV spectrum Bursts with a positive high-energy lag tend to show a softer LLE spectrum. consistent
with a single component softeing m time. whereas bursts wath a negative lag tend to show a harder
one. These results led me to propose a phenomenoclogical scenano m which the sign of the high-energy
lag reflects the ongin of the observed emussion: two components can donunate the 30—-100 MeV band,
the high-energy tail of the prompt emussion and the onset of the afterglow, and a negative lag marks
the delayed emergence of the latter.

To test this scenano, I performed a ttme-resolved spectral analy=sis and. m parallel, a ime-resolved

measurement of the lags. following the evolution of the spectral parameters and of the time delays
across the same time intervals. I apphed this analy=is to GRB 1606258 and GRB 190114C, two of the
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brightest bursts of the sample, having a posifive and a negative lag respectively, and whose photon
statistics allow the spectrum to be constramed mterval by interval.

In GRB 160625B a single spectral component softens continuously in time and all lags remam
positive; interpreting 1ts high-energy cutoff as due to pawr-production opacity, I dertved I' ~ 120-260
and an emussion radms R ~ 10* cm, well above the photosphere. In GRB 190114C an additional
power-law component emerges at ~2.5 s after tngger and donunates m the L1E band. thus determuming

a negative lag all over the burst duration. The flux of this power-law component 15 broadly consistent

with the early afterglow, although its steep nse (faster than t°) leaves an mtemnal ongin equally viable.

The measurement of the lag thus provides an indication of which component donunates the LIE band.
at a much lower cost than the time-resolved spectral analysis that would otherwise be requred.

I explored with numencal simulations a third scenano for the ongin of negative lags. When the lugh-
energy emmssion 15 mitially suppressed by yy par-production opacity and 15 progressively released as
the outflow expands and becomes transparent. the ngh-energy photons reach the observer later than
the soft ones, even when the underlying spectrum does not evolve at all. I found that this process
shmﬂdhmmmﬁambmmhnmabwmmmrmdmﬂu
high hanunosity L. However, since I' 15 observed to comelate with L, the two conditions lie at opposite
ends of the population, and the mechamsm 15 confined to the outhers of this comrelation, whose low I
makes them mtrmsically famnt at ugh energies: thewr absence in LI E-selected samples 15 thus a
selection effect rather than evidence agamst the mechamism.

The proposed scenanio also makes a prediction at the opposite end of the energy range: where no
addiional hard component 15 expected to conmbute, the lag should always be positive, since 1t would
be dnven solely by the spectral evolution of the prompt emission. To test this prediction, I

for the first time the spectral lags of the prompt emussion between the XRT (0.3-10 keV) and BAT
(15-150 keV) detectors onboard Swaft, for 33 GRBs wath simmltaneous detections of the prompt
emussion. For the 19 bursts wath a measured redshuft I adopted fixed rest-frame energy bands. I found

that 26 out of 33 lags are sigmficantly positive and that none 15 sigmficantly negative, in agreement
with the expectation for an energy range where a single prompt component domunates. A time-
resolved XRT+BAT spectral analy=sis of four bursts spanming the extremes of the lag distmbution (~0.6
to ~15.5 s) revealed what the lag magnitude reflects. The lag 15 null or very small when E_peak stays
constant, or vanes too little to cross the observing bands: it becomes sizeable when E_peak mmgrates
from one band to the other, as m GRB 1009064, and m that case 15 larger the more slowly the spectral
evolution proceeds.

Thas thesis thms bulds a coherent and predictive framework, tested from 0.3 keV to 100 MeV, m
whuch the lag sign 15 a proxy of the nature of the emission components at play and the lag magnitude

measures the amphtude of their spectral evolution. Spectral lags can be robustly computed wath far
fewer photon counts than a full spectral charactenzation requures.

Identifying the number of components also matters for the applications of tume lags for fundamental
physics. Tests of Lorentz Invanance Violation exploit the fact that, if the speed of hght depended on
photon energy, photons of different energies emutted simultaneously at cosmological distances would
accumulate a measurable delay along their path. Any observed lag 15 therefore the sum of two terms:
an extnnsic one, due to propagation, and an intnn=ic one, imprinted at the sowrce by the physics of the
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assume that the photons of the two bands are produced by the same component and are thus co-spatial,
wiuch 15 not always the case.

Spectral lags have long been regarded as a by-product of the spectral evolution. This thesis shows that
they are a diagnostic in their own nght, one that reads the physics of the emission from the amval
times of the photons alone. With the larger and better charactenzed samples that the coming mussions
will provide, what 15 here a framework tested on a handful of bursts can become a standard tool for

The PhD Board Dean

Prof. Marco Cannas

oo \ IIIAMAAID~
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