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Research Achievements and Peer Recognition

e Main Research Achievements

[1] M. Correggi, MF, M. Olivieri. Ground State Properties in the Quasi-Classical Regime.
Anal. PDE 16(8), 1745-1798 (2023). @ 10.2140/apde.2023.16.1745 . % : [2007.09442 [math-ph] .

[2] M. Correggi, MF, M. Olivieri. Quasi-Classical Dynamics.
J- Eur. Mat. Soc. (FJEMS) 25(2), 731783 (2023). @:[10.4171/JEMS/1197 . ¥ : 1909.13313 [math-ph] .

[3] Z. Ammari, MF, M. Olivieri. Semiclassical analysis of quantum asymptotic fields in the Yukawa theory.
J- Differential Equations 357, 236274 (2023). @:10.1016/1,jde.2023.01.037. 1 : R111.03352 [math-ph] .

[4] MF, E.L. Giacomelli, C. Hainzl, M. Porta. The dilute Fermi gas via Bogoliubov theory.
Ann. Henrt Poincaré 22(7), 22832353 (2021). @: 10.1007/500023-021-01031-6 . 1 : 2006.00491 [math-ph] .

[5] D. Dimonte, MF, A. Olgiati. Some rigorous aspects of fragmented condensation.
Nonlinearity 34(1), 1-32 (2021). @:10.1088/1361-6544/abb451 . i : 1809.03586 [math-ph] .

[6] M. Correggi, MF, M. Olivieri. Magnetic Schrédinger Operators as the Quasi-Classical Limit of Pauli-

Fierz-type Models.
F Spectr: Theory 9(4), 1287—1325 (2019). @: 10.4171/JST/277 . ¥ :[1711.07413 [math-ph] .

[7] MF. Cylindrical Wigner measures.
Doc. Math. 23, 1677-1756 (2018). @:[10.4171/DM/658 . 1 : 1605.04778 [math.FA] .

(8] MF, ]J. Faupin, J. Frohlich, B. Schubnel. Scattering theory for Lindblad master equations.
Comm. Math. Phys. 350(3), 1185—1218 (2017). @:110.1007/500220-016-2737-1 . ¥ : 1602.04045 [math-ph] .

[9] Z. Ammari, MF. Bohr’s correspondence principle for the renormalized Nelson model.
SIAM F. Math. Anal. 49(6), 5031-5095 (2017). @:10.1137/17M 1117598 . 1 : [1602.03212 [math-ph] .

[10] Z. Ammari, MF, B. Pawilowski. On the rate of convergence for the mean field approximation of
Bosonic many-body quantum dynamics.
Commun. Math. Sci. 14(5), 1417-1442 (2016). @:10.4310/CMS.2016.v14.n5.29 . 1 : [1411.6284 [math-ph] .

[11] Z. Ammari, MF. Wigner measures approach to the classical limit of the Nelson model: Convergence of
dynamics and ground state energy.
F Stat. Phys. 157(2), 330—-364 (2014). @ :10.1007/510955-014-1079-7 . i : [1403.2327 [math.AP] .

[12] MF. Global Solution of the Electromagnetic Field-Particle System of Equations.
J- Math. Phys. 55, 101502 (2014). @:[10.1063/1.4897211 . 1 : [1311.1675 [math.AP|

My main research activity lies at the intersection between semiclassical analysis and the mathematics of quantum
field theory, but I have also a sizeable experience on functional analytic and analysis-of-PDEs aspects of classical
and quantum physics.

The research papers [3, 5, 7, 9-11] illustrate my contributions in developing the mathematical framework for
the semiclassical analysis of systems with infinitely many degrees of freedom, with applications to quantum
(bosonic) force-carrying fields, and systems of many interacting non-relativistic bosons. In particular: I have
extended the definition of Wigner measures on Fock-normal states to any regular state on the Weyl C*-algebra
of canonically commuting observables, as a representation-independent objectm, and detailed its applications to
axiomatic and algebraic QFT, as well as quantum statistical mechanics [7]; I have studied the quantum-classical
correspondence principle for the Nelson model and its scattering theory: such model describes non-relativistic
particles in interaction with a scalar field (in the regime of mean-field particles and semiclassical field). I studied
both the regularized model and its long-time asymptotics [3, 11], and the very challenging renormalized case
[9]; T have applied infinite-dimensional semiclassical techniques to make quantitative bounds on the mean-
field propagation of chaos for a general class of states for interacting bosons [10], and to study fragmented

condensation []3] .

The works [@, 2, @] — together with M. Correggl and former PhD student M. Olivieri — are the crowning
achievements in our effort to construct the mathematical theory of physical systems in which one part retains its

1Representation—independent properties of states in QFT are crucial to study relativistic, interacting theories.
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(typically quantum) nature and it is coupled to another subsystem that behaves semiclassically (we called it quasi-
classical analysis, to distinguish it from usual semiclassical analysis). Such theory has its most notable applications
in studying quantum particles subjected to (semi)classical force fields (such as traps or electromagnetic fields), and

open quantum systems coupled to a mean-field reservoir?.

The other selected works highlight my wider involvement in active topics of contemporary mathematical physics:
from the mathematical aspects of Bogoliubov theory and its applications to many-body quantum systems (in this
case, dilute Fermi gases) [ﬁ], and the study of scattering theory (in this case, for trace-preserving, completely
positive Cy-semigroups on the ideal of trace-class operators) [@, to the nonlinear equations of classical and
quantum physics (in this case, non-relativistic classical electrodynamics) @]

* Peer Recognition
Funding

¢ Indam Intensive Period IQM?22 — Scientific Trimester funded by INdAM (Italian institute for high
mathematics), 2022. 33ke€

o Progetto Giovani GNFM 2020 (PI) — Italian research grant for young researchers (4 investigators —
2-year duration, prolonged due to the pandemic), 2020-2022. 4k€

o Progetto Giovani GNFM 2017 (I) — Italian research grant for young researchers (4 investigators —
2-year duration), 2017-2018. 4k€

Membership in Research Programs (through a selective procedure)

o Centro Nazionale di Ricerca in HPC, Big Data and Quantum Computing. National cluster of
excellence in HPC, Big Data and Quantum Computing — Member of Spoke 10: Quantum Computing (spoke
leader: Politecnico di Milano), 2023—-2025. Total funding: 320ME€.

o ERC CoG UniCoSM, 2019-2021. Principal Investigator: Alessandro Giuliani.
o FIR project Cond-Math, 2016-2017. Principal Investigator: Michele Correggi.

o Laboratoire d’Excellence Centre Henri Lebesgue, 2014-2015.
Editorial Activities

o Editor of the volume Quantum Mathematics I. Springer INDAM Series 57 (2023). Springer Nature
Singapore. ISSN: 2281-518X — 2281-5198 (electronic)

o Editor of the volume Quantum Mathematics IL. Springer INDAM Series 58 (2024). Springer Nature
Singapore. ISSN: 2281-518X — 2281-5198 (electronic)

Organization of research actiities (funded through a selective procedure)

o Hausdorff School “Recent Advances in Quantum and Statistical Mechanics” (June 2023). Or-
ganizers: C. Brennecke, S. Cenatiempo, MF. ~80 onsite participants.

o INdAM Quantum Meetings 2022. Intensive research trimester. Organizers: M. Correggi, MF. ~100
onsite participants, two volumes of conference proceedings published by Springer.

¢ Lake Como School of Advanced Studies — Summer School 2024 “Rigorous Renormalization
Group Analysis of Collective Phenomena in Fermionic Quantum Systems™ (upcoming). Orga-
nizers: N. Benedikter, C. Boccato, MF.

Organization of Seminars and Workshops

o Mathematical Challenges in Quantum Mechanics — Online Seminars (MCQM Seminars)
Ongoing series of monthly online talks, originally meant for the Italian quantum mathematics com-

munity (and now attended by an increasing number of international participants). Organizers: S. Ce-
natiempo, MF, E.L. Giacomelli, D. Monaco, M. Olivieri.

o Ttinerant Quantum Math Meetings (IQMM). Ongoing cycle of local seminars organized jointly
with Universita di Milano and Universita dell’Insubria. Organizers: N. Benedikter, C. Boccato, C.
Cacciapuoti, MF.

o Quantum Before Christmas. Workshop at the Mathematics Department of Universita di Milano.
Organizers: D. Bambusi, N. Benedikter, C. Boccato, M. Correggi, MF, V. Mastropietro. Dec. 2022

2We mean that the reservoir is macroscopic by virtue of having a large number of components, and the interaction with the small system
is of mean-field type.
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MCQM25 (upcoming). Conference at the Gran Sasso Science Institute. Organizers: G. Basti, S. Ce-
natiempo, MF, D. Fermi, A. Olgiati.

Selected Talks at national workshops and conference

<o

Trails in Quantum Mechanics and Surroundings 2023 (on the occasion of the 90th birthday of G.
Dell’Antonio) — Trieste (Italy); Jnvited. Decoherence and Non-Markovianity in Quasi-Classical Spin-
Boson Systems. Feb. 10, 2023.

Mathematical Quantum Matter — Milano (Italy); Invited. Renormalization at any order of lattice infrared
QEDy. Jan. 9, 2023.

Assemblea Scientifica GNFM 2022 — Montecatini (Italy); Jnvited. Quantum-driven classical trajectories
in electrodynamics. May 6, 2022.

XXI Congresso UM.IL — Pavia (Italy). Limiti Quasi-Classici in Meccanica Quantistica. Sep. 2, 2019.
Gran Sasso Quantum Meetings @GSSI: from many particle systems to quantum fluids — I’ Aquila (Italy);

Invited. Semi and Quasi-Classical approximation of ground state energy for bosonic systems. Nov. 29,

2018.

Trails in Quantum Mechanics and Surroundings 2018 — Torino (Italy); Jnvited. Derivation of Tonization
Models from Particle-Field Microscopic Interactions. Sep. 27, 2018.

AQFT: Where Operator Algebras Meet Microlocal Analysis — Cortona (Italy). Semiclassical Analysis in
AQFT. Jun. 7, 2018.

Assemblea Scientifica GNIM 2017 — Montecatini (Italy). Potenziali effettivi nell’approssimazione quasi-
classica. May 4, 2017.

Selected Talks at international workshops and conferences

<o

<o

Many-body quantum problems and dispersive PDEs — Warwick (UK); Invited. Renormalization of the
Bogoliubov theory in the Nelson model. Jun. 15, 2023.

Quantissima in the Serenissima IV — Venezia (Italy); Invited. A Quantum detour: regularizing classical
electrodynamics by means of QED. Aug. 26, 2022.

Nonlinear Dynamics in Quantum Mechanics — Bremen (Germany, online); Jnvited. Quasi-Classical Dy-
namics. Oct. 1, 2020.

4th SwissMAP General Meeting — Grindelwald (Switzerland). Cylindrical Wigner Measures in Bosonic
systems. Sep. 13, 2017.

Spectral Days 2017 — Stuttgart (Germany). External Potentials Generated by the Interaction with a
Semiclassical Field. April 5, 2017.

Journées Mesures en dimension infinie et applications — Reims (France); Invited. Wigner semiclassical

measures in bosonic quantum field theories. Nov. 17, 2016.

Mathematical quantum field theory and related topics — Fukuoka (Japan); Invited. Bohr’s correspondence
principle in the Nelson model. Jun. 6, 2016.

» Complete Scientific Production (inverse cronological order).

Papers & Preprints

<o

MF, L. Fratini. Abstract semiclassical analysis of the van Hove model.

Preprint (2024). 11 :2407.20603 [math-ph] .

o S.Breteaux, M. Correggi, MF, J. Faupin. Quantum Point Charges Interacting with Quasi-classical

Electromagnetic Fields.

Preprint (2024). 1 :2407.18600 [math-ph] .

o Z. Ammari, MF, F. Hiroshima. Towards a derivation of Classical ElectroDynamics of charges and

fields from QED.
Ann. Inst. Fourier (Grenoble), in press (2024). = : 2202.05015 [math-ph] .
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A. Olgiati, MF, N. Rougerie. Convergence of states for polaron models in the classical limit.

Preprint (2023). 1 : p311.05940 [math.AP] .

MF, J. Lampart, N. Leopold, D. Mitrouskas. Renormalized Bogoliubov Theory for the Nelson
Model.

Preprint (2023). - 2305.06722 [math-ph] .

M. Correggi, MF, M. Olivieri. Ground State Properties in the Quasi-Classical Regime.
Anal. PDE 16(8), 1745-1798 (2023). @:[10.2140/apdc.2023.16.1745 . 1 : 200709442 [math-ph] .

M. Correggi, MF, M. Olivieri. Quasi-Classical Dynamics.
J Eur Mat. Soc. (FJEMS) 25(2), 731-783 (2023). @: 10.4171/JEMS/1197. £ :[1909.13313 [math-ph] .

Z. Ammari, MF, M. Olivieri. Semiclassical analysis of quantum asymptotic fields in the Yukawa
theory.
J Differential Equations 357, 236274 (2023). @:110.1016/jjde.2023.01.037 . 1 : R111.03352 [math-ph] .

MF, N. Leopold. Derivation of the Maxwell-Schrédinger equations: A note on the infrared sector of
the radiation field.
J Math. Phys. 64,011901 (2023). @:[10.1063/5.0093786 . 1 : 2203.16368 [math-ph] .

MF, N. Leopold, D. Mitrouskas, S. Petrat. Bogoliubov Dynamics and Higher-order Corrections
for the Regularized Nelson Model.
Rev. Math. Phys. 33, 2350006 (2023). @ 10.1142/50129055X2350006X . ¥ : £210.00458 [math-ph] .

M. Dalmonte, V. Eisler, MF, B. Vermersch. Entanglement Hamiltonians — from field theory, to
lattice models and experiments.
Ann. Phys. (Berlin) 534(11), 202200064 (2022). @: 10.1002/andp.202200064 . i : 2202.05045 [cond-mat.stat-mech] .

R. Carlone, M. Correggi, MF, M. Olivieri. Microscopic derivation of time-dependent point
interactions.
SIAM §. Math. Anal. 53(4), 4657—4691 (2021). @:10.1137/20M1381344. 3 : [1904.11012 [math-ph] .

MF, E.L. Giacomelli, C. Hainzl, M. Porta. The dilute Fermi gas via Bogoliubov theory.
Ann. Henri Poincaré 22(7), 2283-2353 (2021). @:[10.1007/500023-021-01031-6 . ¥ : 2006.00491 [math-ph] .

D. Dimonte, MF, A. Olgiati. Some rigorous aspects of fragmented condensation.
Nonlinearity 34(1), 1-32 (2021). @:(10.1088/1361-6544/abb451 . 3 : [1809.03586 [math-ph] .

M. Correggi, MF, M. Olivieri. Magnetic Schrodinger Operators as the Quasi-Classical Limit of
Pauli-Fierz-type Models.
J Spectr. Theory 9(4), 1287-1325 (2019). @:[10.4171/J5T/277. ¥ : 1711.07413 [math-ph] .

MF. Cylindrical Wigner measures.
Doc. Math. 23, 1677-1756 (2018). @:10.4171/DM/658 . & : [1605.04778 [math.FA] .

MF. Concentration of cylindrical Wigner measures.
Commun. Contemp. Math. 20(5), 1750055 (2018). @: [10.1142/50219199717500559 . I : [1704.07676 [math.FA] .

M. Correggi, MF. Effective Potentials Generated by Field Interaction in the Quasi-Classical Limit.
Ann. Henri Poincaré 19(1), 189-235 (2018). @:10.1007/500023-017-0612-% . 1 : [1701.01317 [math-ph] .
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o MF, J. Faupin, J. Frohlich, B. Schubnel. Scattering theory for Lindblad master equations.
Comm. Math. Phys. 350(3), 1185-1218 (2017). @:[10.1007/500220-016-2737-1]. %t : [1602.04045 [math-ph] .

o Z. Ammari, MF. Bohr’s correspondence principle for the renormalized Nelson model.
SIAM 7. Math. Anal. 49(6), 5031-5095 (2017). @:[10.1137/17M 1117598 . 3 : [1602.03212 [math-ph] .

o Z. Ammari, MF, B. Pawilowski. On the rate of convergence for the mean field approximation of
Bosonic many-body quantum dynamics.
Commun. Math. Sci. 14(5), 1417-1442 (2016). @:[10.4310/CMS.2016.v14.n5.a9 . 1 : 1411.6284 [math-ph] .

o MF. Self-Adjointness criterion in Fock spaces.
Math. Phys. Anal. Geom. 18(1) (2015). @ :[10.1007/511040-015-9173x . 1 : [1405.6570 [math.FA] .

o Z. Ammari, MF. Wigner measures approach to the classical limit of the Nelson model: Convergence
of dynamics and ground state energy.
J Stat. Phys. 157(2), 330—364 (2014). @:[10.1007/510955-014-1079-7 . I : [1403.2327 [math.AP]

o MF. Global Solution of the Electromagnetic Field-Particle System of Equations.
J- Math. Phys. 55, 101502 (2014). @:[10.1063/1.4897211 . : [1311.1675 [math.AP] .

o MF. Mean field limit of bosonic systems in partially factorized states and their linear combinations.

Preprint (2013). 13055699 [math-ph] .

o MF. Classical limit of the Nelson model with cut off.
J- Math. Phys. 54, 012303 (2013). @:10.1063/1.4775716 . 1 :[1205.4367 [math-ph] .

o R.Bonezzi, MF. Mode Regularization for N = 1,2 SUSY Sigma Model.
J High Energy Phys. 10 (2008) 019. @: 10.1088/1126-6708/2008/10/019 . ¥ : 0807.2276 [hep-th] .

Proceedings & Volume Contributions

o M. Correggi, MF, M. Merkli. Quasi-Classical Spin-Boson Models.
Quantum Mathematics I, Springer INAAM Series (2023). = : R110.00458 [math-ph] .

o MF. Semiclassical Analysis in Infinite Dimensions: Wigner Measures.
Bruno Pini Mathematical Analysis Seminar (2016). @ [10.6092/issn.2240-2829/6686 .

* Membership of Scientific Societies.

<o

European Mathematical Society (EMS)

Société Mathématique de France (SMF)

American Mathematical Society (AMS)

International Association of Mathematical Physics (IAMP)
Istituto Nazionale di Alta Matematica (INdAM)

Unione Matematica Italiana (UMI)

(o]

<

<

<o

<

Institutional Activities

* Doctoral Board
o Dottorato in Metodi e Modelli Matematici per I’'Ingegneria, Dipartimento di Matematica, Po-
litecnico di Milano. Member of the Doctoral Board a.y. 2024/25 (XL cycle).

o Dottorato in Metodi e Modelli Matematici per I’'Ingegneria, Dipartimento di Matematica, Po-
litecnico di Milano. Member of the Selection Committee a.y. 2024/25 (XL cycle).
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* Hiring Committees

¢ Mathematics Department, Politecnico di Milano. Member of selection committees for teaching
and teaching assistant positions, 2021-2024.

o Gran Sasso Science Institute. Member of the selection committee for a joint postdoc position with

SISSA, 2022.

o Fachbereich Mathematik, Eberhard Karls Universitat Tibingen. Member of the selection
committee for a W3 Professor Position in Mathematics for the Natural Sciences, 2019.

* Additional Academic Services

o Reviewer for peer-reviewed journals and books: Forum of Mathematics Sigma; Documenta
Mathematica; Annales Henri Poincaré; SIAM Journal on Mathematical Analysis; Communications in
Mathematical Physics; Journal of Functional Analysis; Milan Journal of Mathematics; Reviews in Math-
ematical Physics; Mathematical Physics, Analysis and Geometry; Journal of Mathematical Physics; New
Journal of Physics; Journal of Physics A: Mathematical and Theoretical; Physica Scripta; Foundations of
Physics; Springer Mathematics and Statistics book division.

¢ Reviewer of published articles: MathSciNet Mathematical Reviews.

Teaching Activities

» Teaching Experience

Graduate level teaching

¢ Politecnico di Milano, PhD in Mathematical Methods and Models in Engineering, a.y. 2022/23. The
Mathematics of ElectroDynamics: Classical and Quantum. Language: English. 5 cfu, 26h. SSD: MAT07.

¢ Universita di Roma La Sapienza, PhD in Mathematics, a.y. 2016/17. An introduction to semiclassical
analysis in infinite dimensions, and its applications to mean and quantum field theories. 8h Mini-course. Language:
English

o IRMAR Rennes, PhD in Mathematics, a.y. 2014/15. Relations de commutation canoniques: représentations en
systémes fini ou infini-dimensionnels. 8h. Language: French

Master level teaching

o Politecnico di Milano, Master in Environmental Engineering, a.y. 2024/25, 2023/24, 2022/23 &
2021/22. Mathematical Physics. Language: English. 8 cfu, 80h (48h lecture + 32h exercise class). SSD:
MATO7.

¢ Universita di Roma Tre, Master in Mathematics & Master in Physics, a.y. 2019/20. Complement: di
Meccanica (Mod. A). Language: Italian. 3 cfu, 30h (24h lecture + 6h exercise class). SSD: MATO07.

¢ Eberhard Karls Universitit Tiibingen, Master in Mathematical Physics, a.y. 2018/19. Advanced
Semiclassical Analysis. 2h per week (~30h total). Language: English

o Eberhard Karls Universitit Tiibingen, Master in Mathematical Physics, a.y. 2018/19 & 2017/18.

Non-Linear Dispersive Partial Differential Equations. 6h per week (~80h total: 54h lecture + 26h exercise class).
Language: English

Bachelor level teaching
o Politecnico di Milano, Bachelor in Architecture, a.y. 2024/25, 2023/24 & 2022/23. Matematica (Corso
Integrato). Language: Italian. 8 cfu, 80h (44h lecture + 36h exercise class). SSD: MATO07.

¢ Politecnico di Milano, Bachelor in Environmental Engineering, a.y. 2021/22. Geometry. Language:
Italian. 6 cfu, 60h (40h lecture + 20h exercise class). SSD: MAT03.

¢ Universita di Roma Tre, Bachelor in Maritime Engineering, a.y. 2020/21. Analisi Matematica I (Ex-
ercise Class). Language: Italian. 12 cfu, 108h. SSD: MATO05.
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¢ Universita di Roma Tre, Bachelor in Geology, a.y. 2020/21. Matematica. Language: Italian. 6 cfu,
60h (24h lecture + 36h exercise class). SSD: MAT05.

¢ Universita di Roma Tre, Bachelor in Optics and Optometry, a.y. 2019/20. Istituzion: di Matematica.
Language: Italian. 8 cfu, 72h (30h lecture + 42h exercise class). SSD: MATO05.

o Universitat Ziirich, Bachelor in Mathematics & Bachelor in Physics, a.y. 2017/18. Analysis I (exercise
class). 2h per week (~30h total). Language: English

¢ Universitéat Stuttgart, Bachelor in Mathematics, a.y. 2015/16. Analysis I (exercise class). 2h per week
(~30h total). Language: English

* Research Training
Supervision of graduate students (4)

2024 Raphiiel Gautier, PhD student. Ecole normale supéricure Paris-Saclay/IRMAR Rennes
and Politecnico di Milano.

2023—- Tommaso Pistillo, PhD student. Joint program between Politecnico di Milano
and Institut Elie Cartan de Lorraine.

2023-2024  Raphiiel Gautier, Graduate student. Ecole normale supérieure Paris-Saclay (ARPE —
Année de Recherche Pré-doctorale a I’Etranger) — Politecnico di Milano.

2021- Michele Fantechi, PhD student. Politecnico di Milano.

2016-2019  Marco Olivieri, PhD student. La Sapienza Universita di Roma.
Thesis: Quasi-Classical Limits of Particle-Field Quantum Systems.

Supervision of master students (2)

2023-2024  Lorenzo Fratini, Master in Physical Engineering, Politecnico di Milano.
Thesis Title (provisional): Semiclassical limits in QFT — the van Hove Model

2021-2023  Alessandro Chessari, Master in Physical Engineering, Politecnico di Milano and ENS Lyon.
Thesis: Many-body Admittance Spectroscopy

Tutoring (4)

2018-2020 Emanuela Laura Giacomelli, Posidoc, Eberhard Karls Universitat Tubingen.
2017-2019  Daniele Dimonte, PhD student, SISSA Trieste.

2017-2019  Alessandro Olgiati, PhD student, SISSA Trieste.

2014-2016  Boris Pawilowski, PhD student, IRMAR Rennes.
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