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

SEDUTA DEL COLLEGIO DEI DOCENTI DEL 37° CICLO
05 Maggio 2025

Il Collegio dei Docenti del 37° ciclo del Dottorato di Ricerca in Scienze Fisiche e Chimiche
dell’Universita di Palermo, regolarmente convocato in modalita telematica dal Coordinatore
Prof. Marco Cannas, si riunisce sulla piattaforma Microsoft Teams alle ore 14,00 del giorno
05.05.2025 con il seguente ordine del giorno:

1) Adempimenti per ’esame finale di conseguimento del titolo di dottore di ricerca del 37°
ciclo (III° sessione)

Presiede il Coordinatore Prof. Marco Cannas, svolge le funzioni di segretario il
Prof. Simonpietro Agnello

Sono presenti

M. Cannas, M. Miceli. F. Ferrante, S. Agnello, D. Valenti, R. Passante, F. Ciccarello, F. Messina,
G. Micela, F. Reale, R. Iaria C. Fazio, G.M. Palma, G. Lazzara, G. Marsella F. Giannici,

Sono assenti giustificati
S. Milioto, G. Buscarino, G. Cusumano, B. Militello, A. Napoli, A. Pettignano.

E presente, inoltre, il Dott. F. D’Anca in qualita di cotutor

Il Presidente, prof. M. Cannas, verificato il numero legale, dichiara aperta la seduta e passa a
discutere il primo punto all'ordine del giorno:

1) Adempimenti per ’esame finale di conseguimento del titolo di dottore di ricerca del 37°
ciclo (II° sessione)

Il presidente illustra gli adempimenti necessari per il conseguimento del titolo di dottore di ricerca
per gli allievi del 37° ciclo che intendono sostenere 1’esame finale nella terza sessione
(26 Giugno — 6 Luglio 2025).

In accordo al cronoprogramma. il presente collegio dei docenti dovra occuparsi dei seguenti punti:
- formulazione della relazione del dottorando sulle attivita svolte

- formulazione del parere per il titolo di Doctor Europaeus

- proposta di formazione delle commissioni giudicatrici

- nomina dei valutatori esterni
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Mohsen POURMOHAMMAD SHAHVAR

(Tutor: Prof. Giovanni Marsella)

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

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

Membri effettivi

1) Prof. Leonardo Abbene, Universita degli Studi di Palermo, leonardo.abbene@unipa.it

2) Prof.ssa Bruna Bertucci, Universita degli Studi di Perugia, bruna.bertucci@unipg.it

3) Prof. Mosé Mariotti, Universita degli Studi di Padova, mose.mariotti@unipd.it

Membri Supplenti:
Prof. Riccardo Paoletti, Universita degli Studi di Siena

Prof.ssa Chiara Perrina, EPFL Losanna (Svizzera)

11 collegio nomina i valutatori esterni:
1) Prof. Francesco Giordano, Universita degli Studi di Bari

email; francesco.giordano(@uniba.it

2) Prof. Francesco De Palma, Universita del Salento

email: francesco.depalma@unisalento.it
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Vincenzo Davide CARDINALE

(Tutor: Dott.ssa Giuseppina Micela; Cotutor: Dott. Gianluca Morgante, Fabio D’ Anca)

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

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

Membri effettivi

1) Prof. Giovanni Marsella, Universita degli Studi di Palermo, giovanni.marsella@unipa.it

2) Prof. Emanuele Pace, Universita di Firenze, emanuele.pace@unifi.it

3) Dott. Alfonso Collura, INAF — Osservatorio Astronomico di Palermo, alfonso.collura@inaf.it

Membro supplente

Prof.ssa Costanza Argiroffi, Universita degli Studi di Palermo, costanza.argiroffi@unipa.it

11 collegio nomina i valutatori esterni:
1) Dott. Luca Terenzi, INAF Osservatorio di Astrofisica e Scienza dello Spazio - Bologna

e-mail: luca.terenzi@inaf.it

2) Dott. Francesco Santoli, INAF Istituto di Astrofisica e Planetologia Spaziali - Roma

e-mail; francesco.santoli@inaf.it

11 verbale ¢ approvato seduta stante. La seduta si chiude alle ore 14:45.

Il Presidente Il Segretario

Prof. Marco Cannas Prof. Simonpietro Agnello
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Allegato 1

PHD IN PHYSICAL AND CHEMICAL SCIENCES, XXXV1I COURSE
PhD Candidate: Mohsen Pourmohammad Shahvar
Transcript of Records

Tutor: Prof. Giovanni Marsella
Cotutor: --

Courses/school/exam scores:

1. Experimental Technigues in Astroparticle Physics by Prof. Giovanni Marsella ~ 16 Hours

~

. Python and Quantum Mechanics by Prof. Salvatore Lorenzo ™~ 20 Hours
3. Agent Based Modelling by Prof. Salvatore Micciche ~ 20 Hours

4. nzlian Language Summer School

Research and training periods abroad

8-months at Karksruhe Institute for Technology (KIT) in Germany

Papers published:

First Author:

Pourmohammac Shahvar, M., Scuderi, D., Valens, D., Collura, A, Micciche, 5., Faring, V., & Marsela, G. (2025). Cimate changs multi-risk
asseszment for mango cuthvation in Sialy, Haly, by using Bayesian Network. Acta Horticutume, 1415, 135-144
https://coi.ong/10.17660/ActaHortic 2025.1415.15

Pourmchammac Shahvar, Morzen, Marselia, G, Roth, M., & Schmidt, D. [2025). Neural network identification of highly incined muons in
water-Cherenkow particle detectors Procsedingz of 7th Internationsl Sympozium on Ultra High Energy Cosmic Rays —
PoS{UHECR2024), 115. hitpsy//dolong/10.22323/1. 484 0115

Pourmchammac Shahvar, Mohsan, Valenti, D., Collura, A, Micciche, S., Faring, V., & Marzells, G. (2025). An Integrated Hybric-Stochastic
Framework  for  Agro-Metecroiogical  Prediction  Uncer  Environmental  Uncertainty.  Stats,  8[2).
https://coi.ong/10.3350/<tatz8020030

Scucen, D., Pourmchammad Shahvar, M., Marselia, G., Farina, V., Lobo Roango, M. G., & Normand, F. (2025). The cimate of mango
producng areas: 8 study on three isiands. Acta Hortcuturae, 1415, 25-32. https//doiorg/10.17660/ ActaHorbic 2025 1415.3

Shavear, M. P., Scuderi, D., Valenti, D., Collura, A, Micoche, 5., Farina, V., & Marsels, G. (2025). MISAR in enhancng agricuftural resiience:
8 comprehensive spproach to cimete change rzk menagement for mang farms in Sialy, Italy. Acta Horticuturae, 1{1415), 145~
154 httpz://doiong/10. 17660/ ActaH ortic 2025 141515

Shaivesr, ML P., Valenti, D., Ferine, V., Collura, A, Micciche, 5., & Marsells, G. (2024). A Potential Hybrc Deep Leaming Approsch to
Temperature Praciction Using MODIS Satefite Data and Historicel Records. hitps-//don org/20.21203/rz 3. r-5573530/ve
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Shatar, ML ., Buscemi, M., Incardone, S., Tripodo, G., & Marsela, G. [2022). MISAR: Propasal for “Climete Change Risk
Management by improving the Incividual and Socal Awareness of Rizk in Sicily.” GARR-Conf22,
31 hetpe//doLorg/hetpe//dor org/ 20 26314/ GARR-Conf22-proceeding=-05

incardons, 5, Tripodo, G., Buscems, M., Shahvar, M. P., & Marsels, G. [2023). A new Neural Network architecture for Time Series
Clazzification. Nudieor Instruments and Methods in Physics Research Section A° Accalerctors, Spectrometers, Detectors ond
Associoted Equipment, 1047, 167818

Colaborated Author:

Abdul Halim, A, Abrey, P., Agietta, M., Allekotte, |, Almeida Cheminant, K., Almeda, A Avarez-Muniz, 1, Ammerman Yebra, J., Anaztazi,
G.A, Anchordoqui, L, Ancrads, 8., Andringa, S., Aramo, C., Araujo Ferreirs, P. R, Arnone, E., Arteaga Velszguez, J. C, Asorey, M,
Azziz, P, Aile, G, ... 2avrtanik, M. [2023). Constraining the sources of ultra-high-energy cosmic rays across and above the ankle
With the spectrum and compazition data measured at the Pierre Auger Observatory. Journal of Cosmoiogy and Astroparticle
Prysics, 2023(05), 024. https://coi.ong/10.1088/1475-7546/2023/05/024

Abdul Halim, A, Abrey, =, Agietta, M., Bister, T, Bwembys, A, de Jong, 5.1, Emam, M., Faicke, H., Fodran, T, Gales, C., & others.
[2023). Stucy of cownward Tarrestricl Gomma-ray Fashes with the surbce detector of the Ferme Auger Obsanvatory.

Abdul Halim, A, Abrey, P Agfietta, M., Allekotte, |, Almeics Cheminant, K., Aimea, A, Alcisio, R, Averes-MURE, 1., Ammerman Yebrs, 1,
Anastasi, G. A, & others. (2024a). Search for photons above 20 18 eV by simutanecusly measuning the atmaspheric depth and
the muon content of air showers at the Pierre Auger Chsenvatory. Physicol Review D, 110|6), 62005.

Abdul Halim, A, Abrey, P Agfietta, M., Allekotte, |, Almeice Cheminant, K., Aimeia, A, Aloizio, R, Alerez-MURz, J., Ammerman Yebes, J.,
Anastasi, G. A, & others. |2024b). Testing hadronic-mode! predictions of depth of maximum of air-shower profiles and grounc-
particie sgnaiz using hybrid data of the Pierre Auger Observatory. Physicol Review D, 105(10), 102001,

Abdul Halim, A, Abreu, P, Agfietta, M., Allekotte, |, Cheminant, K. A, Aimels, A, Alcisio, R, Alvarez-Muniz, 1, Yebra, L A, Anastas, G.A,,
& others. (2024a). Demonstrating agreement between racio and fluorescence messurements of the depth of maximum of
extenzive air showers at the Piere Auger Obzervatory. Physicol Review Lettors, 132(2), 21001

Abdul Halim, A, Abreu, P Azfietta, M., Allekotte, |, Cheminant, K. A, Almels, A, Alcizio, R., Alvarez-Muniz, J, Yebra, LA, Anastas, G. A,
& others. (2024b). Inforance of the Mass Compasition of Casmic Roys with energies from S\ bocksiashSmathby
SWS1011D5\£528. 351505 S to S\backsiashSmothey S\(S10\ ADSI{S205 PSS S eV using the Piarme Auger Ctisenvotory and Deep
Learming.

Abdul Halim, A, Abrey, P, Agfietta, M., Allekotte, |, Cheminant, K. A, Almels, A, Alcisio, R., Alvarez-Muniz, J, Yebra, LA, Anastas, G.A,
& others. (2024c). Mecsurement of the Degth of Maximum of Air-Shower Profies with enargies between S\backsizshSmathey
S\E10105\528 351508 S and S\bocksiashSmathdyf SIS0\ AZS\S205US1IS 5 eV using the Surfoce Detector of the Fiems Auger
Ctservatory and Deep Lea.

Abdul Halim, A, Abrey, P, Agfetts, M., Allekotte, |, Cheminant, K. A, Almels, A, Alcisio, R, Alvarez-Muni, J, Yebra, LA, Anastas, G. A,
& others. (2024d). Radio measurements of the depth of air-zhower maamum at the Pierre Auger Chsenvatory. Physicol Review D,
109|2), 22002.

Abdul Halim, Adila, Abreu, K., Agietta, M., Bister, T, Bwembys, A, de Jong 5. 1, Eman, M., Faicke, H., Fodran, T., Gales, C., & others.
[2023). Stuctes of the mass compasition of COSITIC MoYs Gnd Proton-proton interaction CToSs-Sections Gt ultro-high energies with the
Pierre Auger Obzenvatory.

Abdul Halim, Adila, Abreu, P, Agfietta, M., Allekotte, |, Almeida Cheminant, K., Aimela, A, Alcisio, R., Aherez-Mung, J., Ammerman
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Yebra, )., Anaztazi, G. A, & others. (2023a). Constraints on upweard-goINg &ir Showers using the Pierre Auger Obzervatory cata. 35th
Intemctional Cosmic Aoy Conference JCRC2023-Neutring Astronomy |& Physics [NUJ, 105S.

Abdul Halim, Adila, Abreu, P, Agfietta, M., Allekotte, |, Almeida Cheminant, K., Aimeda, A, Alcisio, R, Aharez-Munz, )., Ammerman
Yebra, 1, Anastasi, G. A, & others. [2023b). Depth of maximum of sir-chower profiles texting the compatibility of the
messurements at the Pierre Auger Obzervatory and the Telescope Array. 38th Intemational Cosmic Roy Conference (ICRC2023 )
Cosmic-Ray Physics (indirect, CRIJ, 245.

Abdul Halim, Adila, Abreu, P, Agfietts, M., Allekotte, |, Almeida Cheminant, K., Almeis, A, Alcisio, R, Alarez-Muiz, 1., Ammerman
Yebra, J, Anastasi, G. A, & others. [2024). Constraints on metastabie superheavy dark matter coupled to sterile neutnings with the
Pierre Auger Observatory. Physicol Review D, 105(8), LOS1101.

Abreu, P, Aghetta, M., Allekotte, L, Almeica Cheminant, K. Almels, A, Averes-Muniz, I, Ammerman Yebra, 1, Anastas G A,
Anchordoqui, L, Ancraca, 3., Ancringa, 5. Aramo, C, Aradjo Ferreira, . R, Amone, £, Arteazs Velazques, J. C., Azorey, H., Assis,
P, Avila, @, Avocone, E., ... Zehrer, L (2023). Search for photons above 10 15 eV with the surface detector of the Pierre Auger
Obsenvatory. Joumnal of Cosmalogy and Astropartice Physics, 2023(0S), 021. https-//doiorg/40.10828/1475-7516/2023/05/021

Abreu, P, Agfietta, M., Alekotte, | MMKLMA.WﬁQJ.YMJ.A.mQLmL.m
B., & others. [2023). Search for photons above 1015 &V with the surface cetector of the Fierre Auger Obzenatory. Joumnal of
Cosmology and Astropartice Physics, 2023(0S), 24.

Abreu, Pedro, Aglietta, M., Albury, J. M., Allekotte, |, Cheminant, KA, Almels, A, Mcizio, R, Alvarez-Muniz, 1, Batista, R A_ Yebra, L A,
& others. (2023). Limits to Gauge Coupling in the Dark Sector Set by the Nonobsenation of Instanton-incuced Decay of Super-
Heavy Dark Matter in the Pierre Auger Observatory Data. Physicol Review Lotters, 130(6), 61001

Anastas, G A, Abcul Halm, A, Abreu, H, Agfetts, M., Bister, T., Swembys, A, de Jong 5. J., Eman, M., Faicke, H., Fodran, T, & others.
[2023). The dymamic range of the UPGrGTed sUTBCe-detector stotions of ALGerPrime.

m&&m&.@mM..Am.LWKA.MA,MMQLYMLLMULL.W,
B., & cthers. (2023). The upgrace of the Pierre Auger Obzervatory: AugerPrime. IL Nuowo Cimento. €, Colloguio and
Communicotions in Physics.

Anactaz, G A, i-hlin,A.A,Ah‘eu,P.,AgiemM.m,umnﬁnk&,m&.@qR,,MW.I'Z.J..YM,J.A.,&
others. (2024) The physcs of ultre-high-energy Cosmic rays in the context of the Fierre Auger Observetory: man results and
future perspectives. IL Nuovo Cimento. €, Colloguic and Communicotions in Physics.

Anchordoquy, L A. (2023). Further evidence for utrahigh-energy COSmIC ray acosieration in starburst-ariven superwinds. Physicol Review
D, 207(8), 83024.

Anukwonke, C. C., Holeh, G. M., 2inowanda, 5. S, Srahvar, & Pourmohammead, M. (2022). Emarcnmental impacts of Coronavinus
Dizeaze. Climotology |8 Weather Forecosting, 10{11), 1-7.

Bedido, J, Abcul Halm, A, Abreu, H, Agletta, M. Bister, T., Swembys, A, de Jong 5. 1., Eman, M, Faicke, H., Focran, T, & others.
[2023). The Fitting Procedurs for Longitudingl Shower Froffies od with the Flucrescence Detector of the Flerre OBsenvatory.

Bellido, ), Halim, A A, Abreu, P., Agfietta, M., Allekotte, L, Cheminant, K. A, Aimela, A, Aloio, R, Aharez-Muniz, J., Yebra, J. A, &
others. (2024) The fitting procedure for longtudinal shower profiles cbzerved with the fluorescence detector of the Pierre Auger
Obsenvatory. PoS: Proceedings of Soence.

Sergman, D, Belido, J., ce Souza, V., Engel, R, Gerber, 2, Kim, J, Mayotte, £ Tkachenko, O, Unger, M., & Yushikov, A [2023). Testing
the Compatibiiity of the Depth of the Shower Maxmum Measurements performed at Telescope Array and the Pierre Auger
Obsenvatory-Auger-TA Mesz Compesition Working Group Report. E7J Web of Confrencas, 283, 2008.

Sergman, D., Belido, J., Souzs, V. de, Engel, R, Gerber, 2 Kim, 1, Mayotte, £, Tkachenko, O, Unger, M., & Yushiov, A [2023). Testing
the competibility of the depth of the shower maxmum messurements performed at telescope armay and the Fierre Auger
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Onzervatory. EPJ Web of Conferences, 253, 2004-2002

Sergman, DR, Deligny, O., Fenu, £, Fuji, T, Fujita, K., Kim, J. H, Lhenny-¥von, 1, Marz, |, Luce, G, Roth, M., & others. [2023). The energy
spectrum of utra-high energy Cosmic rays measured at the Pierre Auger Obzervatory and the Telescope Armay. EPS Web of
Conferences, 283.

Bergman, Douglas R, Deligny, O., Fenu, F., & Fupii, T. (2023). Fos [ICRC2023] 406 Measurement of UHECR energy spectrum with the Peme
Auger Cbservatory and the Telescope Arroy.

Snet, V., Micheletti, M. L, & others. (2023) A Cotoiog of the Highest-energy Cosmic Roys Recorded duning Phase | of Operation of the
Pierre Auger Obzenvatory.

Szter, T, Abcul Halim, A, Abreu, H., Aglietta, M., Bwembya, A, de Jong, S. )., Eman, M., Faicke, H., Fodran, T., Gales, C., & others.
[2023). Constroining modets for the ongin of URro-high-energy COSMIC MT)S With Spectrum, composition, and amval direction coto
measured ot the Plerme Auger Obsarvatory.

Szter, T. K. (2023). Sensitivity of the combined fit of energy spectrum, shower depth distnibutions, and amval direchions t the Ferre
Auger Ctiservatory.

Srichetto Orchera, P. G, Abcul Halim, A, Abreu, H, Aglietta, M., Bister, T., Swembya, A, de Jong, S. J., Eman, M., Faicke, H., Fodran, T, &
others. (2023) The second knee in the COSMIC Foy SPECtrum clsonved with the surfbos detector of the Pierme Auger Coservatory.

Buscemi, M. [2023). A detailed presentation of the highest-energy Cosmic rays recorded at the Pierre Auger Obzervatory. EPS Web of
Conferences, 283.

Caccianiga, L, Anchordogui, L, Bisnciotto, M., Bister, T, Bwembye, A, de Jong, S. J., Eman, M., Faicke, H,, Fodran, T, Galea, C., & others.
[2023). Upccte an the searthes for anisotropies in UHECR armival directions with the Plerme Auger Obsarvatory ond the Talescope
Arroy.

Carace-Valente, J, Abdul Halim, A, Abreu, H., Aglietts, M., Bister, T., Bwembya, A, de Jong, 5. )., Eman, M., Feicke, H, Fodran, T., &
others. (2023) Pozsitie interpretobons of the joint ctsenvations of UHECR amival directions using dota recorded Gt the Talescope
Arroy ond the Pierre Auger Ctisenvatory.

Castelling, A. (2023). Astroparticie and particie phvysis at uitra-high energy: Rezults from the Pierre Auger Chsenvatory. ScFost Prysics
Proceedings, 13, 34.

Colallio, R, Halim, A A, Abrey, P, Agfietta, M., Alleiotte, L, Cheminant, K. A, Amels, A Alozio, R, Alvares-Muniz, I, Yebra, LA &
others. (2024) Study of downward Terrestrisl Gamma-ray Flashes with the surface detector of the Pierre Auger Observatory. Pos:
Proceedings of Soencs.

Coflaboration, P. A [2022). Searches for Ultra-High-Energy Photons st the Pierre Auger Obzervatory. Universe, S{11), 573

Collaboration, P. A, Halim, A_ A, Abrey, P, Azfietta, M., Allekotte, L, Cheminant, K. A, Aimels, A, Alozio, R, Alvarez-Muniz, )., Yebra, J.
A, & others. [2024). Ground obzsenvations of a space laser for the assement of its in-orbit performance. Optics, 1142), 263-272.

Condoreli, A. (2023). Astrophysical interpretation of Pierre Auger Obzervatory measurements of the UHECR energy spectrum and mess
compezition. 5P Web of Conforences, 280, 4002.

Comvenga, 7., Abdul Halim, A, Abreu, H., Agietts, M., Sizter, T, Bwembys, A, de Jong, 5. J., Eman, M., Faicke, H., Fodran, T., & others.
[2023). The performances of the LUPQTEded sUrface detector 2ohions of AUGerPrime.

de Aimeida, R. M., Addul Halim, A, Abreu, H., Aglietta, M., Scter, T., Bwembye, A, ce Jong, S.J, Eman, M., Feicke, H, Fodmn, T, &
others. (2023) Long-term colbrotion and stobility of the Auger Engineening Racio Arrgy using the diffuse Galoctic rodic emission.

de Ofwverra Franco, D., Abdul Halim, A., Abreu, H., Agletta, M., Bister, T., Ewembya, A, de Jong, S. )., Eman, M., Faicke, H., Fodran, T, &
others. (2023) Search for evicence of neutron fuxes Ling Pierme Auger Obssrvatory doto.

Deigny, C. (2023). imits to gauge coupling in the dark sector of super-heavy dark matter particies from the Pierre Auger Obzervatory
deta. Scifost Prysics Proceedings, 13, 13.
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Deifgny, C., Collaboration, P. A, & cthers. [2023). The scence of ultra-high energy cosmic rays after more than 1S years of operation of
the Pierre Auger Obsenvatory. Joumnal of Physics: Conferance Senes, 2429(1), 12008.

di Mstteo, A, Anchorcogui, L, Bister, T., de Aimeica, R, Deligny, O., Deval, L, Farrar, G., Giacoan, U., Solup, G., Higuchi, R, & others.
[2023a). 2022 report from the Auger-TA working group on UHECR arrival cirections. £F) Wi of Conferances, 283, 3002.

i Mstteo, A, Anchorcogui, L, Bister, T., de Almeica, R, Deligny, O., Deval, L, Farrar, G., Giscoani, U, Golup, G., Higuchi, R, & others.
[20235). UHECR rezults of combined analyzes of TA and Auger experiments. £°J Wb of Conferences, 250, 4001
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Main Speaker at Eventi GARR2022 — "MISAR: Climate change risk management
through improving individual and social risk awareness in Sicily”™
o y ri 'o'( o= f 1/ J
enza-2022/6086-conferenza-2022-selected-papers-05-shahvar
Main Speaker at XIIl International Mango Symposium 2023 -"Climate change multi-risk
assessment for mango cultivation in Sicily, Italy by using bayesian network”™
Main Speaker at XIIl international Mango Symposium 2023 -"MISAR in agricultural
area by developing machine learning models (Case Study: Mango Farms in Sicily, Italy)”
https://mangobase.org/downloads/PDFs/manzo 2023 book of abstracts.
Co-Author Speaker at XIIl International Mango Symposium 2023 - “The climate of
mango producing areas: a case study on three islands”
https://mangobase.org/downlocads/PDFs/mango 2023 book of abstracts.
Main Speaker at DPG2024 Germany — “Neural network identification of highly inclined
muons in water-Cherenkov particle detectors”
https://karisruhe24 dpg-tagungen.de/programm/assets/ka2aboock.pdf
Poster-First Author — at UHCER 2024 Argentina - “Neural network identification of
highly inclined muons in water-Cherenkov particle detectors™
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Thesis title:
Machine Learning-Driven Solutions for Enhancing Agricultural Sustainability: The Case of Mango Farms in Sicily

Abstract:

This thesis explores the innovative application of machine learning models developed for astrophysical
research to address pressing challenges in agriculture, specifically mango farming in Sicily. It highlights
how advanced techniques initially designed for detecting cosmic phenomena, such as inclined muons in
water-Cherenkov detectors, were successfully adapted to optimize mango cultivation under the stresses
of climate change. The research bridges two seemingly unrelated fields, demonstrating the
transformative potential of interdisciplinary innovation.

Key machine learning models such as ResNet + XGBoost, LSTM, Transformer, and Bayesian Networks,
were adapted from their astrophysical origins to agricuftural contexts, addressing critical tasks like
temperature prediction, wind behavior forecasting, and multi-risk assessment for mango farming. These
models, integrated with real-time sensor networks and decision-support systems, provided actionable
insights for farmers, enabling optimized resource allocation, enhanced crop resilience, and sustainable
farming practices.

The thesis underscores the shared complexities of astrophysics and agriculture, including processing
large-scale data, predicting under uncertainty, and identifying spatial and temporal patterns. The
successful transfer and adaptation of these techniques not only improved agricultural decision-making
but also highlighted the potential for broader applications in other domains, such as environmental
conservation and renewable energy.

The findings pave the way for scalable solutions to global sustainability challenges, demonstrating how
technology designed to explore the cosmos can be repurposed to safeguard food security on Earth. This
work serves as a testament to the power of interdisciplinary research, offering a roadmap for innovative,
data-driven approaches to climate resilience and sustainable agriculture.

The PhD Board Dean
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PHD IN PHYSICAL AND CHEMICAL SCIENCES, XXXVII COURSE

PhD Candidate: Vincenzo Davide Cardinale

Transcript of Records

Tutor: Giuseppina Micela
Cotutor: Gianluca Morgante; Fabio D’Anca

Courses/school/exam scores:

Exams:
Project Management in the Scientific-Spatial Context (Score:A)

* Product Assurance in the Space Business (Score: A)
EXPOSURE (EXoPlanet Ongins and Stellar Ultraviolet Regime Explorer): A new ESA Mission
Concepts for Exoplanetary Science (Score: A)

Schools and Training:

e ESA Academy's Product Assurance Awareness Tramming Course (May 23-26, 2023) ESA
Education Training Center in ESEC-Galaxia, Transinne, Belgium

*  Summer School Alpbach 2023 “Exoplanets: Understanding alien worlds in diverse
environments” (July 11 — 20, 2023) Alpbach/Tyrol — Austna

e ESA Academy's Post-Alpbach Summer School Event 2023 (November 20-24, 2023) ESA
Education Training Center in ESEC-Galaxia, Transinne, Belgium

Talks:
¢ Explonng Space: Research, Technologies and Opportunities. The Challenges You Don't See
17 OCT 2024 AISF's event "Rock the Science”™ - Villa Filippina, Piazza San Francesco di
Paola,18 Palermo (PA)-

e Thermal Architecture of the ESA ARIEL payload: A softwares Companson
18 APR 2023 EXOPA Research Group Meeting - INAF- Osservatono Astronomico di Palermo
Giuseppe S. Vaiana (OAPa)-
Research and training periods abroad

Six months activity at UCL Centre for Space Exo-chemistry Data (UK)
* Six months activity at ZERICAD DI FILIZZOLO MAURIZIO (Palermo, IT)
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Papers published:

EXODUS: A nmussion proposal to explore exoplanet evolution through understanding Atmosphenic
Escape - Advances in Space Research, UNDER PEER REVIEW

Thermal Optimuzation Study for ZERICAD Injection Mold Design — Techmical Report INAF, IN
PREPARATION

Thermal Design for a Space Mission Explonng Exoplanet Evolutionary Processes — Technical Report
INAF, IN PREPARATION

Modal analysis of Ni-P coated cryogenic mirrors for the Arel mission - Presentation accepted as first
author for "Astronomical Optics: Design, Manufacture, and Test of Space and Ground Systems V"
session at the SPIE Optics + Photonics 2025 conference, which will be held m person in San Diego from
3 to 7 August 2025.

Cryo-facility project for Anel M1 tests - Presentation accepted as a co-author for "Astronomical Optics:
Design, Manufacture, and Test of Space and Ground Systems V" session at the SPIE Optics + Photonics
2025 conference, which will be held in person m San Diego from 3 to 7 August 2025.

Modal Analysis of Ni-P Coated Cryogenic Murors for the Anel Mission, OAPA Test Plan
-Doc Ref: ARTEL-INAF-PL-PL-028; Issue: 1.0; Date: 27 January 2025-

Conferences/workshop attended:

e LEIDEN 2025 ARIEL CONSORTIUM MEETING
8 APR 2025 — 12 APR 2025 SRON Netherlands Institute for Space Research - Leiden (the
Netherlands)-

* 4th MEETING OF THE ITALIAN COMMUNITY DEDICATED TO ARIELS' SCIENTIFIC
PREPARATION
20 MAY 2024 - 20 MAY 2024 Best Western A1 Cavahen Hotel -Palermo (ITALY)-

e LATLAGUNA 2023 ARIEL CONSORTIUM MEETING
6 JUN 2023 — 9 JUN 2023 IACTEC facilites & IAC Headquarters -Tenenife, Canary Islands
(Spam)-

* 3rd MEETING OF THE ITALIAN COMMUNITY DEDICATED TO ARIELS' SCIENTIFIC

PREPARATION
16 MAY 2023 - 18 MAY 2023 CAMPLUS PALERMO - Palermo (ITALY) -

e ARIEL CONSORTIUM MEETING DI BOLOGNA
10 OCT 2022 - 12 OCT 2022 INAF/OAS Conference Centre of the Bologna CNR Research
Area - Bologna (ITALY) -

Seminars orgamzed by the Astronomucal Observatory of Palermo:

* L'anahs1 delle atmosfere degli esopianeti. Come e perché — Valeno Fardella(UNIPA)-
17/022022
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» Milky Way’s young substellar population -Victor Almendros Abad (CENTRA, Faculdade de
Ciencias da Unmiversidade de Lisboa; European Southern Observatory) - 6/06/2022
*» The Photographic Zemth tube(PZT) of the Neuchatel Observatory: Achievement of time
determination or failure of mnovation? — Julien Gressot (Université de Neuchatel, Switzerland)-
9/06/2022
» Atmospheric retmevals in the era of next generation telescopes — Quentin Changeat (UCL)-
21/062022
» Multicolor vanability of young stars across the mass spectrum — Laura Venuti (SETI Institute)-
27/0612022
» The supemova remnant SN1006 as a Galactic particle accelerator - R. Giuffinda(UNIPA)-
6/09/2022
» A spatially resolved study of hard X-ray emission in Kepler’s SNR: indications of different
regimes of Particle acceleration — Vincenzo Sapienza (UNIPA)-14/09/2022
» Feedback from Supermmova Remmnants: tnggenng Star Formation m the ISM — Giuhana
Cosentino (Chalmers University of Technology, SE) -8/11/2022
* Mauve and Twinkle: UV and infrared satellites dehvered through a new model — Marcell
Tesseny1 (BSS Italia) -14/11/2022
» Exoplanetary Atmospheres with GIANO @TNG - Glona Gully (INAF-OATo)-25/11/2022
» Fast growth and feedback of black holes accreting beyond the Eddington himut — Ciro Pmto
(INAF/IASF- Palermo) -15/12/2022
*» Domicih cosmici-Lontami pianeti a1 confim1 dello sguardo — Angelo Adamo (INAF/IASF-
Palermo), presented by Antonino D’Ai (INAF/IASF-Palermo)-16/12/2022
» Agenzie spaziali e telescopi spaziali: un passato di grande successo, un futuro incerto — Fabio
Favata(ESA) - 11/01/2023
» The three regzimes of atmosphenc evaporation for super-Earths and sub-Neptunes — Danus
Modurousta- Galian (YaleUniversity)-12/01/2023
» Misura del raggio degl esopianeti. — Mano Launano(UNIPA)-16/02/2023
» Mitigation of the impact of stellar activity on observations of transiting planets -Gianluca
Cracchiolo (UNIPA) - 6/03/2023
* Comunicazione@INAF- Catenna Boccato, Marco Galhami, Marco Malaspma (INAF)-
10/032023
» Nat1 sotto 1l segno di Dike, cresciuti con quello della Bilancia — La stona della Space Law, tra
gravita e giurnsprudenza — Angelo Adamo (INAF)-11/05/2023
» The optical 2D and 3D comrelation and their application as cosmological tool — M. G. Damnott
(National Astronomical Observatory of Japan)-14/06/2023
*» The mass determination challenge for exoplanetary science - Claudia D1 Maio (UNIPA/INAF)-
22/06/2023
» L’affresco dimenticato: celebrazione di una scoperta — Manuela Conigho (INAF)-28/06/2023
*» Coronal heating diagnostics from future MUSE spectroscopic observations — Paola Testa (C£A)
- 12/07/2023
* Modem Diagnostic Techmiques for Stellar Atmospheres — David Pascoe (Unmversity of St
Andrews)-28/09/2023
» Applicazione di tecniche statistiche per la previsione della temperatura effettiva di stelle giovam
— Marco Tarantino (UNIPA)- 4/10/2023

» Anisotropies in core-collapse supemova explosions: modeling the evolution of a magneto-

rotational supermova remnant
— Giorgio La Malfa (UNIPA)- 5/10/2023
*» EWOCS: status of the project — Mano G. Guarcello (INAF) -12/10/2023
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*» New larger sample of Supemova Remnants m NGC 7793, using MUSE IFS - Mana
Kopsacheili ICE-CSIC)- 18/10/2023

» Jitter radiation as an alternative for the nonthermal filaments mn Supermova Remmnants —
Emanuele Greco (INAF)-9/11/2023

» EWOCS: The X-ray properties of the Wolf-Rayet stars in the young massive star cluster
Westerlund 1 — Konstantina Anastasopoulou (INAF)-15/11/2023

» Explonng Extreme Exoplanets and Stellar Activity with Small Satellite Missions — Kevin
France (Unmiversity of Colorado at Boulder) -1/12/2023

*» MHD waves and Turbolence in plasmas of the Solar Corona -Francesco Malara (UNICAL)-
201022024

* Le spedizion: scientifiche dell’osservatono di Palermo, 1en ed oggi. — Ileana Chmnica
(INAF)- 21/022024

» Laboratory Astrophysics with intense Lasers — Julien Fuchs (LULI, CNRS, Ecole
Polytechmque, Pans, France)- 22/02/2024

» Evolution of the mass accretion rate and 1ts relationship with the stellar and disk mass from
Brown Dwarfs to stars — Victor Almendros (INAF) - 27/02/2024

*» Tra 1 segret1 di un Manosentto: Lo strumento mistenioso — lleana Chmmmic1 (INAF)-
21/032024

*» Carte geografiche, tra Arte e Scienza -Manuela Comigho (INAF)- 11/04/2024

» Investigating Solar wind Phenomena: Models, Observations and Acceleration Processes -
Anmal Kumar (St. Andrews University)- 22/04/2024

» Insights mto the M-Dwarf radms and density valley — Andrea Bonfanti (Austnan Academy of
Sciences, Graz, Austma) -8/05/2024

» Il cerchio di Ramsden, un prodigio tecnologico — Filippo Mirabella (INAF)- 16/05/2024

» SHARP- A Near-IR Multi-mode Spectrograph Conceived for the Multi-Conjugate Adaptive
Optics Module MORFEO@ELT - Paolo Saracco (INAF)- 27/05/2024

* “Time” and Physics: A strange mamage and more... - Salvatore Sciortino (INAF)-
20/062024

» L’ Astronomia oltre le guerre: la Cooperazione Internazionale ne1 due dopoguerra — lleana
Chinmic1 (INAF)- 23/06/2024

* Is Quantum Mechanics the last word? Why Not? Some alternative 1deas towards (re-
Jintroducmg realism i Physics — Salvatore Sciortino (INAF)- 27/06/2024

» “A WARNING FROM MARS”. Il restauro del modello di1 Marte del museo della Specola _
Mana Rosaha Carotenuto (INAF)- 25/09/2024

* The Extraordinary X-Ray flares from Young Suns — Enc Feigelson — 7/11/2024

» Itahan Mission to Cnnmea to observe the Solar Echpse of August 1914 — Oleh Petruk, Ileana
Chinmie1 (INAF)- 13/11/2024

» L’ Astrolabio. Uno strumento 1n viaggio nel tempo e nello spazio. Il ruolo della Sicilia, ponte
tra le culture del Mediterraneo. — G. Truffa (History of Science Society) - 28/11/2024

* First Results from two studies of Star-Forming Regions with the WEBB Telescope — Pat
Hartigan (Rice Umiversity)- 4/12/2024

» Supermova Remnants in Radio: a Multiple Approach — Adnano Ingallinera (INAF)- 5/12/2024

Seminar senes attended onlne organized by the National Academy of Sciences (or the XL):

» 11 futuro della scienza spaziale in Europa — Luigi Colangeh (ESA-European Space Agency)-
301092022

*» La New Space Economy: sfide e opportunita che cambieranno la societa — Mana Cnstina
Falvella (ASI- Agenzia Spaziale Italiana)-7/10/2022
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» La ncerca della vita con I'esplorazione del sistema solare — Mana Cnistina De Sanctis (INAF)-
17/1012022

» Astronomia dallo spazio — Massimo Stavelh (Space Telescope Science Institute)-21/10/2022
» Andare nello spazio per misurare il passato remoto dell’'umiverso — Paolo De Bemardis
(Sapienza Universita di Roma)-3/11/2022

» Astrofisica del ragga gamma dallo spazio — Marco Tavam (INAF-Istituto Nazionale di
Astrofisica )-7/11/2022

» Come studiare con 1 ragzi X |'umiverso violento e la fisica m condizion: estreme — Paolo Soffitta
(INAF- Istituto Nazionale di Astrofisica)-18/11/2022

» Pianeti extrasolan dallo spazio — Giovanna Tineth (UCL- Umversity College London)-
22/11/2022

» Fisica delle astroparticelle con AMS-02 sulla Stazione Spaziale Intemazionale — Roberto
Battiston (Unrversita degh Studi di Trento)-28/11/2022

» Onde gravitazionali dallo spazio — Stefano Vitale (Universita degh Studi di Trento)-12/12/2022
* Al 1l nuovo alleato delle scienze della vita— Francesca Buffa (Dipartimento di Scienze
Informatiche dell'Universita Bocconi)-20/10/2023

» Il futuro dell’espressione: esplorando le potenzialita delle tecnologie generative. — Debora
Nozza (Universita Bocconi di Milano)-12/12/2023

» L'approccio fisico-matematico all'intelligenza artificiale — Pierlmgzi Contucel (Universita di
Bologna)-15/12/2023

» Entanglement quantistico, connettivita e 1l problema quantum gravity — Francesco De Martim
(Accademia Nazionale de1 Lincer)-21/12/2023

*» Proteme, Proteomica e bem culturali- Gennaro Manno (Napoli Fedenico I1)-25/01/2024

* Il Tempo dell'Universo - Prof. Paolo de Bermnardis (Unmiversita La Sapienza di Roma) -
23/032024

» La meccanica quantistica e infwitiva, al di fuon della modelhistica classica! - Thierry Paul
(CNRS-Laboratoire Ypatia des Sciences Mathématiques) - 18/04/2024

* La decarbonizzazione dei trasporti. - Prof. Nicola Ammaroh (CNR) - 30/05/2024

* Luce, atomi e misura del tempo - Prof. Massimo Inguscio - 2/07/2024

*» Ongzine e diffusione di Homo sapiens, con ... ibndaziom interspecifiche - Prof.ssa Olga
Rickards (Universita degh Studi di Roma Tor Vergata) — 9/12/2024
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Thesis

title:

Design, Modeling and Thermal Analysis of Space Instrumentation: Investigating Advanced Strategies
for Enhanced Performance and Reliability

Abstract:

This doctoral thesis, Design, Modeling, and Thermal Analysis of Space Instrumentation: Investigating
Advanced Strategies for Enhanced Performance and Reliability, presents a comprehensive study of
thermal control systems (TCS) for space missions, with a focus on exoplanetary exploration. The
research imtegrates theoretical modeling, numencal simulations, and expernmental vahdation to address

cntical

challenges in thermal management for spacecraft payloads operating in extreme environments.

The work mcludes the following key aspects:

1.

Mission Design & Thermal Control: Feasibility analysis of thermal architectures for two
ESA mission concepts—EXPOSURE (UV exoplanet spectroscopy) and EXODUS (NIR
atmosphernic escape studies)—emphasizing passive coolng, multi-layer msulation (MLI), and
radiator optimization for L2 Lagrange point orbits. This part adopts an analytical approach to
estimate the thermal requirements of the two missions to reach the scientific requirements.
ARIEL Mission Analysis: Thermal modehng of ESA’s Atmospheric Remote-sensing Infrared
Exoplancr Large-survey (ARIEL) payload using ANSYS and ESATAN-TMS, vahdating
cryogenic (<50 K) stability via V-groove radiators and bipod thermal 1solators. This numencal
analysis allowed to compare the potentialities of a simphfied analysis with the finite element
(FEM) and lumped parameter (TMM) approaches.

Material Characterization: Expenmental modal analysis of Ni-P coated alununum mamrors
under cryogenic conditions (77 K), quantifying Young’s modulus shifts and frequency response
for ultra-stable space telescope apphications. This chapter integrates an expernmental approach
with the numencal analysis and modeling to denve the matenal properties.

Finally, the thesis mcludes an application of the thermal analysis methods to a non-spatial
industrial context. Expermmental-computational validation of ZenCAD mjection molds with
conformal cooling channels, demonstratmg =2°C thermal umformity and 22% cycle time
reduction for engineening thermoplastics (TPU/PEEK) under industnal processing conditions
(ISO 294-4).

Keywords: Spacecraft thermal control, Exoplanet missions, Cryogenic systems, Fimite element analysis,
ARIEL, Modal analysis, Matenal charactenzation.

The PhD Board Dean

Prof Marco Cannas
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