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Introduction

The Master's Degree in Physics completes the basic training provided by the Bachelor's
Degree in Physics offered by the Physics Department of the University of Calabria and allows
to deepen the knowledge of several fields of Physics, by reaching a high degree of specialization
in astrophysics, plasma physics, solid and surface physics, molecular physics and biophysics,
nuclear physics, biomedical physics, experimental physics of elementary particles, theoretical
physics of fundamental interactions, condensed matter, geophysics, atmospheric physics,
meteorology, climatology and environmental physics. These same sectors have been for many
years the main subject of research activities in the Physics Department at the University of
Calabria, with numerous active national and international collaborations, which favor a very
advanced level in the training of students.
Students will follow courses common to the five curricula and then specialize with
characterizing courses and thesis work. They will have the opportunity to apply the acquired
knowledge and will address an original research topic in advanced fields of Physics. They will
have the opportunity to develop and use experimental apparatuses and theoretical models, to
carry out bibliographic research and to present their results in a professional form to a
specialized public. The work of students will be carried out independently; the guidance and
supervision of an advisor will be available for the more specialized part of their tasks.
The five curricula of the Master's Degree in Physics therefore aim, on the one hand, to provide
graduate students with the necessary training to face higher education programs (doctorates
and / or specialization schools) and, on the other hand, to open an immediate pathway into the
professional world, taking profit from the techniques learned and the skills acquired.

Curricula
The Master's Degree Program in Physics is divided into the following curricula:
1) Astrophysics, Geophysics and Plasma Physics
2) Physics of the Atmosphere, Meteorology and Climatology
3) Nuclear and Subnuclear Physics
4) Matter Physics
5) Physics and Technology of Materials

The Astrophysics, Geophysics and Plasma Physics curriculum provides direct training
for the description and understanding of the physical phenomena that occur both in our galaxy
and in the most distant galaxies, and in both plasmas and astrophysics, such as, for example,
the interplanetary medium, the solar corona, or the intergalactic medium, or laboratory, such
as those obtained in the machines dedicated to fusion. For the training of graduate students in
this curriculum a decisive role will be played by the knowledge of advanced numerical
techniques as well as the understanding of sophisticated techniques of data analysis - data
collected both from the Earth and from space. The same curriculum will also provide tools for
both the experimental and theoretical study of physical phenomena affecting the Earth and the
circumterrestrial medium.

The Physics of the Atmosphere, Meteorology and Climatology curriculum provides a
direct training for the description and understanding of physical phenomena occurring in the
atmosphere and in the terrestrial hydrosphere, for the processing of experimental data, also



collected by satellite, and for forecasts in the meteorological and climatological field, also on
the basis of numerical simulations. These curriculum specificities allow students to acquire
competences in the field of meteorology and to acquire skills in the numerical methods
necessary for the construction and use of high-performance codes, in problems related to the
study and analysis of turbulence and the transport of pollutants, in problems related to Space
Weather.

The Nuclear and Subnuclear Physics curriculum will allow graduates to design and
develop experimental apparatuses (or parts of apparatuses) for the acceleration and detection
of nuclei and elementary particles; to process experimental data by eliminating instrumental
conditioning and synthesizing the significant results; to analyze and model phenomena
inherent to nuclear and subnuclear physics; to build, modify and test theories of nuclear and
subnuclear interactions for the understanding and prediction of new data and new
phenomena; to apply the acquired methodologies to multiple industrial activities, medicine
and services within both public and private structures through technology transfer.

The Matter Physics curriculum offers advanced-level lectures and courses in a variety of
subjects, including the physics of solids, nanostructured and low-dimensional materials,
biophysics, dosimetric methods for medical applications, coherent quantum systems. Students
will undergo both a theoretical and an experimental training, learning about methods to
experimentally prepare/grow, manipulate and characterize condensed systems as well as to
theoretically model their physical properties. Advanced courses on electronics and
programming are also offered.

The Physics and Technology of Materials curriculum proposes advanced lectures aimed
at training students on both technical and scientific aspects in material sciences: the training
topics cover the physical properties of known and new generation materials, both solid and
liquid crystalline, hybrid and composite materials, with a special focus on their design and
characterization. Graduates will acquire theoretical and practical skills, aimed at describing
and understanding the basic physical processes that take place at different scales. They will
become proficient in different frontier microscopy and spectroscopy techniques, as well as
approaches typical of the optics and photonics field, applying them for the characterization of
materials. All these skills will provide them with the proper knowledge to work in a dynamic
and relevant field of research with outlets in both public and private structures.

Admission to the first year
In the Academic Year 2021/2022, up to a maximum of 50 students will be admitted to the
Master's Degree Course in Physics, including 20 positions reserved for non-EU students.

To be admitted to the Master’s Degree Course in Physics, it is necessary to have a three-year
(Bachelor) university degree or diploma - or another qualification obtained abroad and
recognized as suitable - that satisfies the curricular requirements considered indispensable to
successfully carry out the training course. In particular, graduates must possess one of the
following curricular requirements:



- having obtained a three-year degree in Physics in Class L-30 (according to the Ministerial
Decree 270/04), or in Class 25 (according to Ministerial Decree 509/99) or another degree in the
same classes;

- possessing another three-year (Bachelor) degree, obtained in degree classes other than those
mentioned above, provided they have acquired at least 24 ECTS in the Scientific-Disciplinary
Sectors MAT/01-MAT/08 and at least 50 ECTS in the Scientific-Disciplinary Sectors FIS/01-
FIS/08.

Any requests for admission to the Master’s Degree Course by graduates in possession of a
university degree, obtained in accordance with the regulations prior to the Ministerial Decree
509/99, can be taken into consideration and evaluated on the basis of the criteria indicated in
the Didactic Regulations of the Degree Program.

Furthermore, access to the Master’s Degree Course is subject to verification of the candidate's
adequate personal preparation, aimed at ascertaining the knowledge of physics, basic
mathematics and logical-deductive skills. Knowledge of English is also required at the B2 level
of competence of the Common European Framework of Reference for Language Knowledge.

All these requisites will be verified, through an admission (oral and/or written) test, by a
Commission specifically appointed by the Director of the Physics Department. The contents of
the test, the date, the procedures and the evaluation criteria of the candidates are defined
annually in the admission notice.

Foreign candidates (non-EU citizens residing abroad), who apply for enrollment in Master’s
Degree Course in Physics, compete for the assignment of the positions reserved for them by
participating in a specific admission call within the program “Unical Admission”
(https://www.unicaladmission.it/). Admission is determined by a specific procedure for
evaluating applications, which allows foreign candidates to be exempted from the selective
admission test.

The Commission will draw up two distinct rankings: the first related to candidates in
possession of the necessary requirements for enrollment within the deadlines indicated in the
notice; the second for students and undergraduates who expect to obtain their degree within
the calendar year 2021.

If the number of students enrolled is lower than the programmed number, candidates who
find themselves in a useful position in the second ranking will be able to enroll as soon as they
have obtained the required qualification within the terms established by the admission notice.

Teaching plan and organization

Organization of teaching
The Degree Course in Physics (DM 270/04) is organized in two semesters.



The start and end dates of each semester and the exam periods are set in the academic calendar,
approved annually by the Physics Department Council, and will be advertised on the Physics
Department's institutional website (www.fis.unical.it).

Course units

The courses of the Master's Degree in Physics for the 2021/22 cohort of students are listed
in Annex 1 - Official Study Plan for full-time students.
For the academic year 2021/2022, the courses consist of 6, 9, or 12 credits.

The teaching modalities for the achievement of the educational objectives consist in:
lectures, exercises and laboratory activities.

Each lesson credit corresponds to 8 hours of classroom lessons; each credit of exercises /
laboratory corresponds to 12 hours of classroom exercises / laboratory activities.

Obligations regarding attendance, assessments, exams

Attendance to courses and laboratory activities is mandatory. Only students with
serious and documented health problems can be exempted from this obligation.

As arule, at the end of each course, all those who are up to date with the enrollment and
related fees can take the exam.

The verification of the expected learning outcomes takes place through the following
tools: interviews, written tests, practical tests, laboratory reports and discussion of papers on
the activity carried out.

The grading system for the course unit consists of 30 points and the exam is passed with
a mark not lower than 18 points. The mark of 30 points can be accompanied by mention of
honors (“lode” or “cum laude”). The examination methods are described in the syllabus of each
course.

Study plans

At the time of enrollment, students must indicate the choice of curriculum they intend
to enroll in. On the basis of this choice, they will be assigned a statutory study plan.

The study plan can be modified by October 31 of each academic year, according to the
procedures established by the University Didactic Regulations. The proposed study plan is
submitted for approval by the Unified Council of the Degrees in Physics.

Students must indicate in the study plan one or more elective courses, for a total of 12
credits.

It is possible to indicate as a training activity "chosen by the student”, courses among those
offered within all the University Degree Programs provided they are consistent with the
training course.

The courses recommended by the Master's Degree Course in Physics for the A.Y.
2021/2022 are listed in Annex 1.

Enrollment in single training activities

According to Art. 40 of the University Didactic Regulations it is possible to enroll in one
or more training activities provided by the Master's Degree Course in Physics. Acceptance of
the request is subject to the approval of the Unified Council of the Degrees in Physics.



Transitions from other degree courses

In agreement to the University Didactic Regulations, for years after the first, the
enrollment of students from other universities is accepted until available positions are filled. In
the case of surplus applications, a ranking will be drawn up on the basis of the following
criteria: highest number of credits acquired and average of the grades reported.

Transitions from other degree systems

Students enrolled in specialist degree courses in Physics from other programs can
submit a request for transition according to DM 270/04, in the period August 1% to 10
September 2021. The Unified Council of the Degrees in Physics will evaluate the exams taken
and, after having determined which and how many credits to recognize, will decide in which
year of the course the student should be enrolled.



Annex 1- Official study plan for full-time students (2021/2022)

Astrophysics, Geophysics and Plasma Physics

Attivita ECTS | ECTS | ECTS
Semester | Year | Teaching i ? Ambito SSD ECTS
formativa lect. | exerc. | lab.
Scientific data Sperimentale e
acquisition and | Caratterizzante P L. FIS/07 4 - 2 6
. applicativo
processing
i?;]azfsf Altre attivita Il
R , informatiche e INF/01 4 2 - 6
science for formative .
. telematiche
physics
Advanced
I mathematical Affme o. MAT/07 5 1 ) 6
methods for integrativa
physics
Physics of Teorico e dei
complex Caratterizzante | fondamenti della FIS/02 5 1 - 6
systems fisica
Fundamental Microfisico e della
1 processes in Caratterizzante | struttura della FIS/03 5 1 - 6
astrophysics materia
Astrophysics Astrofisico,
and geophysics | Caratterizzante | geofisico e FIS/05 3 - 3 6
laboratory spaziale
Astrofisico,
Space physics Caratterizzante | geofisico e FIS/06 4 2 - 6
spaziale
1 i 1
M . Caratterizzante Sper%me.nta e FIS/01 5 1 - 6
I | particle physics applicativo
Bonds,
molecules Affine o
h d CHIM/02 4 2 - 6
plasesanc integrativa /
phase
transitions
) Altre attivita A scelta dello
Elective course . 6
formative studente
Solar physics Astrofisico,
and Sun-Earth Caratterizzante | geofisico e FIS/06 4 2 = 6
connection spaziale
Advanced Microfisico e della
computational Caratterizzante | struttura della FIS/03 5 1 - 6
1 physics materia
2 Plasma Astrofisico,
m sics Caratterizzante | geofisico e FIS/05 5 1 - 6
astrophysics spaziale
. Altre attivita A scelta dello
Elective course . 6
formative studente
I Thesis Altre ajcthlta 36
formative
ECTS Total 120



https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84170&LANG=ITA&84170&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84170&LANG=ITA&84170&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84170&LANG=ITA&84170&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84183&LANG=ITA&84183&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84183&LANG=ITA&84183&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84183&LANG=ITA&84183&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84183&LANG=ITA&84183&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84195&LANG=ITA&84195&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84195&LANG=ITA&84195&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84195&LANG=ITA&84195&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84195&LANG=ITA&84195&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84205&LANG=ITA&84205&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84205&LANG=ITA&84205&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84205&LANG=ITA&84205&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84207&LANG=ITA&84207&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84207&LANG=ITA&84207&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84207&LANG=ITA&84207&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84215&LANG=ITA&84215&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84215&LANG=ITA&84215&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84215&LANG=ITA&84215&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84256&LANG=ITA&84256&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84246&LANG=ITA&84246&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84246&LANG=ITA&84246&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84264&LANG=ITA&84264&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84264&LANG=ITA&84264&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84264&LANG=ITA&84264&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84264&LANG=ITA&84264&LANG=ITA
https://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84264&LANG=ITA&84264&LANG=ITA
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84282
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84282
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84282
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84284
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84284
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84284
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84286
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?84286

Physics of the Atmosphere, Meteorology and Climatology

Attivita ECTS | ECTS | ECTS
Semester | Year | Teaching i ? Ambito SSD ECTS
formativa lect. | exerc. | lab.
Scientific data Sperimentale e
acquisition and Caratterizzante P L. FIS/07 4 - 2 6
. applicativo
processing
Advanced Al s ettt Abilita
computer science . informatiche e INF/01 4 2 - 6
. formative .
for physics telematiche
Advanced
| mathematical Affme 0. MAT/07 5 1 i 6
methods for integrativa
physics
Advanced Teorico e dei
quantum Caratterizzante | fondamenti della FIS/02 4 2 - 6
mechanics fisica
1 Chaotic behavior Astrofisico
of geophysical Caratterizzante .. ! . FIS/06 5 1 - 6
geofisico e spaziale
flows
1 i 1
Meteorology Caratterizzante Sper%me.nta €e FIS/01 2 - 4 6
laboratory applicativo
Dy ics of th . Astrofisico,
A of the Caratterizzante str9 ,ISICO . FIS/06 5 1 - 6
atmosphere geofisico e spaziale
w . Caratterizzante Sper%me'ntale € FIS/01 5 1 - 6
11 particle physics applicativo
Bonds, molecules Affine o
phases and phase . . CHIM/02 4 2 - 6
.. integrativa
transitions
) Altre attivita A scelta dello
Elective course . 6
formative studente
Astrofisico,
Space weather Caratterizzante ° r? _ISICO . FIS/06 4 2 - 6
geofisico e spaziale
Synoptic and Astrofisico,
mesoscale Caratterizzante .. g . FIS/06 5 1 - 6
meteorolo geofisico e spaziale
I SECOToosy ; .
5 Fundamental Microfisico e della
processes in Caratterizzante | struttura della FIS/03 5 1 - 6
astrophysics materia
. Altre attivita A scelta dello
Elective course . 6
formative studente
I Thesis Altre a.tt1V1ta 36
formative
ECTS Total 120
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Nuclear and Subnuclear Physics

Attivita ECTS | ECTS | ECTS
Semester | Year | Teaching i ? Ambito SSD ECTS
formativa lect. | exerc. | lab.
Scientific data Sperimentale e
acquisition and Caratterizzante P L. FIS/07 4 - 2 6
. applicativo
processing
Advanced Al s ettt Abilita
computer science . informatiche e INF/01 4 2 - 6
. formative .
for physics telematiche
Advanced
I mathematical Affme 0. MAT/07 5 1 ) 6
methods for integrativa
physics
Advanced Teorico e dei
quantum Caratterizzante | fondamenti della FIS/02 4 2 - 6
mechanics fisica
Fundamental Microfisico e della
1 processes in Caratterizzante | struttura della FIS/03 5 1 - 6
astrophysics materia
Pt Sperimentale e
particle physics Caratterizzante P .. FIS/01 2 - 4 6
applicativo
laboratory I
ntum field Teorico e dei
Quantum field . )
e = Caratterizzante | fondamenti della FIS/02 5 1 - 6
theory I ..
fisica
II Nucl d Speri tal
uclear o . Caratterizzante per%me'n aee FIS/01 5 1 - 6
particle physics applicativo
Bonds, molecules Affine o
phases and phase | | . CHIM/02 4 2 - 6
. integrativa
transitions
) Altre attivita A scelta dello
Elective course . 6
formative studente
uantum field USTREDEEH!
Quantum field . )
Caratterizzante | fondamenti della FIS/02 5 1 - 6
theory II ..
fisica
Particle physi . i 1
ntl SIS Caratterizzante Sper%me.nta € FIS/01 5 1 = 6
1 phenomenolog;LI applicativo
2 Particle physics Sperimentale e
phenomenology Caratterizzante p .. FIS/01 5 1 - 6
I applicativo
. Altre attivita A scelta dello
Elective course K 6
formative studente
I Thesis Altre a.tt1V1ta 36
formative
ECTS Total 120
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Matter Physics

Attivita ECTS | ECTS | ECTS
Semester | Year | Teaching i ? Ambito SSD ECTS
formativa lect. | exerc. | lab.
Scientific data Sperimentale e
acquisition and Caratterizzante P L. FIS/07 4 - 2 6
. applicativo
processing
Advanced Altre attivita Abilita
computer science . informatiche e INF/01 4 2 - 6
. formative .
for physics telematiche
Advanced
h ical Affi
I mathematica : ine 0. MAT/07 5 1 ) 6
methods for integrativa
physics
Advanced Teorico e dei
quantum Caratterizzante | fondamenti della FIS/02 4 2 - 6
mechanics fisica
One of the following: .
1 1 -
-Solid state physics | Caratterizzante Sper%me'nta €€ FIS/07 > 6
, . applicativo 4 2 -
-Biophysics
One of the following:
1 -Biophysics
laboratory 3 - 3
-Condensed R, Microfisico e della 6
matter physics struttura della FIS/03 3 - 3
laboratory materia
-Theoretical 4 2 -
condensed matter
physics
I One of the following:
-Surface physics S, Sperimentale e FIS/01 4 ’ i 6
-Physical methods applicativo FIS/07
in bio-medicine
Nucl d i tal
uclear o . Caratterizzante Sper%me'n aee FIS/01 5 1 - 6
particle physics applicativo
Bonds, molecules Affine o
phases and phase . . CHIM/02 4 2 - 6
. integrativa
transitions
) Altre attivita A scelta dello
Elective course . 6
formative studente
One of the following:
-Physics of Teorico e dei
complex systems Caratterizzante | fondamenti della FIS/02 5 1 - 6
-Statistical fisica
mechanics
Linear and non- Sperimentale e
I linear Caratterizzante p .. FIS/07 4 1 1 6
. applicativo
2 spectroscopies
Fundamental Microfisico e della
processes in Caratterizzante | struttura della FIS/03 5 1 - 6
astrophysics materia
, Altre attivita A scelta dello
Elective course . 6
formative studente
I Thesis Altre ajctlv1ta 36
formative
ECTS Total 120
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Physics and Technology of Materials

Attivita ECTS | ECTS | ECTS
Semester | Year | Teaching v 2,1 Ambito SSD ECTS
formativa lect. | exerc. | lab.
Scientific data Sperimentale e
acquisition and Caratterizzante P L. FIS/07 4 - 2 6
. applicativo
processing
Advanced Altre attivit Abilita
computer science a. a informatiche e INF/01 4 2 - 6
. formative .
for physics telematiche
Advanced
mathematical Affme o. MAT/07 5 1 i 6
I methods for integrativa
physics
Advanced Teorico e dei
quantum Caratterizzante | fondamenti della FIS/02 4 2 - 6
mechanics fisica
One of the following:
-Soli hysi i 1 1 -
Solid state physics . Sper%me'nta ee FIS/07 5 6
-Soft matter applicativo 4 1 1
1 physics
One of the following:
-Biophysics . .. 3 - 3
laboratory Caratterizzante B OERIR 6
“z struttura della FIS/03
- Condensed . 3 - 3
. materia
matter physics
laboratory
Speri tal
Surface physics Caratterizzante | “For o e @ FIS/01 4 2 - 6
I applicativo
Ontics and Microfisico e della
_}}:()toTcs Caratterizzante | struttura della FIS/03 4 - 2 6
PAOIONICES materia
Bonds, molecules Affine o
phases and phase . . CHIM/02 4 2 - 6
.. integrativa
transitions
) Altre attivita A scelta dello
Elective course . 6
formative studente
Microfisico e della
Microscopy Caratterizzante | struttura della FIS/03 4 - 2 6
materia
Linear and non- Sperimentale e
linear Caratterizzante P L FIS/07 4 1 1 6
I . applicativo
5 spectroscopies
lecul i 1
Molecular Caratterizzante Sper%me.nta e FIS/07 4 - 2 6
spectroscopy apphcatlvo
, Altre attivita A scelta dello
Elective course . 6
formative studente
Alt ttivita
I | Thesis re attviia 36
formative
ECTS Total 120
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Suggested Elective Courses

Semester | Year Teaching Attwlt? Ambito SSD ECTS | ECTS | ECTS ECTS
formativa lect. | exerc. | lab.
. . . Altre A scelta
I , | Computational biophysics attivita | dello FISO7 | 4 2 - 6
formative | studente
Altre A scelta
I 2 High-energy astrophysics attivita dello FIS/05 4 2 - 6
formative | studente
Altre A scelta
I 2 Mathematical education attivita dello MAT/04 4 - 2 6
formative | studente
Altre A scelta
I 2 Mesophases and metastructures | attivita dello FIS/03 4 - 2 6
formative | studente
. . Altre A scelta
I 9 Egii(r):nﬁ particle physics attivita | dello FIS/01 3 - 3 6
> formative | studente
Altre A scelta
I 1 Physics education attivita dello FIS/08 5 1 - 6
formative | studente



http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86573
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86577
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86665
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86579
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86581
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86581
http://www.unical.it/portale/portaltemplates/view/view_scheda_insegnamento.cfm?86667

Master’s Degree in Physics

Brief description of teaching units

Teaching Unit ADVANCED MATHEMATICAL METHODS FOR PHYSICS
SSD MAT/07
ECTS 6

Learning outcomes

The training unit of Advanced mathematical methods for physics aims at
introducing group theory, with particular reference to Lie groups,
applying it to situations of interest in physics. The course also aims at
studying some partial differential equations typical of mathematical
physics.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding of the concepts of group,
Lie group, Lie algebra and their representations. Relevance of the theory
of representations in physics. Methods of solving some partial differential
equations.

Ability to apply knowledge and understanding: ability to apply the theory
of Lie groups and Lie algebras to various situations of physical interest;
ability to use Green's method for the solution of partial differential
equations.

Autonomy of judgment: evaluation of the usefulness of the concept of
group in physics, as well as the use of partial differential equations to
describe space-time evolution processes.

Communication skills: ability to describe the salient aspects of the theory
of Lorentz and Poincaré groups.

Learning skills: concepts of continuous group and symmetries in
mathematical physics. Green's function.

Prerequisities None

Teaching Unit ADVANCED COMPUTATIONAL PHYSICS
SSD FIS/03

ECTS 6

Learning outcomes

The teaching unit of Advanced computational physics aims at providing
the student with the knowledge of the fundamentals for the numerical
study of partial differential equations encountered in physics, and the
ability to quantitatively solve problems in which these equations are used.

At the end of the course the student will be able to obtain a numerical
solution for the main types of equations and boundary conditions.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: basic principles and advanced
methodology for the numerical solution of partial differential equations
Ability to apply knowledge and understanding: apply the basic and




advanced principles of numerical methods to obtain a solution in
numerical form problems typical of physics.

Autonomy of judgment: ability to independently identify the numerical
scheme most appropriate for each problem, even when the boundary
conditions vary.

Communication skills: ability to describe the advantages and
disadvantages of each numerical approach to the study of the equations of
physics.

Learning skills: understanding the importance of using the correct
numerical scheme.

Prerequisities None

Teaching Unit ADVANCED COMPUTER SCIENCE FOR PHYSICS
SSD INF/01

ECTS 6

Learning outcomes

The teaching unit of Advanced computer science for physics aims at
providing the student with the knowledge of the theoretical and
methodological foundations related to computer science, computer
arithmetic and propositional calculus, with particular regard to advanced
computational aspects and parallel computing, providing also an
introduction to Machine Learning techniques. At the end of the course, the
student will be able to master the aspects of computer science necessary to
tackle the study of computational physics.

EXPECTED LEARNING OUTCOMES

Ability to apply knowledge and understanding: knowledge of data
structures and remarkable management algorithms, understanding of the
basic principles of parallel computing and machine learning.

Autonomy of judgment: writing of a computational program to handle
structured data.

Communication skills: ability to understand and describe the basic
principles of computing.

Learning skills: understand complex programming and be able to apply
them independently.

Prerequisities None

Teaching Unit ADVANCED QUANTUM MECHANICS
SSD FIS/02

ECTS 6

Learning outcomes

The teaching unit of Advanced quantum mechanics aims at deepening
the concepts and methods of quantum physics, already introduced in the
three-year course, also introducing the relativistic wave equations, the
quantization of the electromagnetic field and matter fields in the non-
relativistic regime.

EXPECTED LEARNING OUTCOMES




Knowledge and understanding: understanding of the relativistic
description of quantum mechanics and second quantization.

Ability to apply knowledge and understanding: ability to apply the
fundamental models of quantum physics to the description of radiative
processes and, more generally, of transition processes.

Autonomy of judgment: critical assessing of the need to employ a
quantum description of the electromagnetic and matter fields in modeling
specific phenomena and experiments.

Communication skills: ability to describe the main aspects of the concept
of elementary excitation of a quantum field, with particular reference to
the photon and, more generally, to bosons and fermions. Learning ability:
concept of quantized field, Dirac theory of the electron.

Prerequisities None

Teaching Unit ASTROPHYSICS AND GEOPHYSICS LABORATORY
SSD FIS/05

ECTS 6

Learning outcomes

The training unit of Astrophysics and geophysics laboratory aims at
providing the student with the basic knowledge of the collection and
processing of astronomical and geophysical data, both from the ground
and from space, and the ability to extract the physical parameters from the
said data. At the end of the course the student will be able to elaborate and
critically evaluate the meaning of the collected data.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: basic principles and methodology of
observations and measurements in astrophysics and geophysics.

Ability to apply knowledge and understanding: applying the basic
principles of the astrophysics and geophysics laboratory to extract the
physical parameters from the measurements.

Autonomy of judgment: ability to independently extract fundamental
information from astrophysical and geophysical data, both from the
ground and from space.

Communication skills: ability to describe the phenomenology that
corresponds to the adopted observations.

Learning skills: ability to understand the importance of selecting the best
instrumentation to observe a given astrophysical or geophysical

phenomenon.
Prerequisities None
Teaching Unit BIOPHYSICS
SSD FIS/07
ECTS 6

Learning outcomes

The teaching unit of Biophysics aims at providing the students with a
description of the physical properties of biological matter, with emphasis
to the main components of cell membranes and to lipid-protein
interaction.




EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand the physical
mechanisms underlying molecular processes in cell membranes;
knowledge of the principles of optical and magnetic spectroscopic
techniques for the study of biomembranes.

Ability to apply knowledge and understanding: capability to interpret
complex biological phenomena from a physical viewpoint; capability to
apply the most appropriate experimental techniques for the physical and
molecular characterization of biosystems; capability to write in a coherent
and logical way a scientific report.

Autonomy of judgement: ability to autonomously identify the main
physical processes involved in the structure-dynamic-function in
biosystems.

Communication skills: ability to clearly and logically explain the
phenomena occurring in biosystems; ability to team work with classmates.
Learning skills: ability to autonomously deepen themes and topics treated
during the course; ability to self-orient in the bibliographic research and
update.

Prerequisities None

Teaching Unit BIOPHYSICS LABORATORY
SSD FIS/03

ECTS 6

Learning outcomes

The training unit of Biophysics laboratory aims at providing the students
with a description of the physico-chemical principles that drive the
formation of lipid/protein complexes, the self-assembly of lipid aggregates
(i.e, model systems of cell membranes) and of the spectroscopic
techniques commonly used to study structural, dynamic and molecular
properties of membrane model systems.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: knowledge of the physical principles of
the spectroscopic techniques for membrane studies; ability to prepare
differing phospholipid mesophases, protein samples and lipid/protein
complexes; capability to carry out spectroscopic experiments for the
biophysical characterization of biosystems.

Ability to apply knowledge and understanding: capability to use the
results obtained from experiments to understand functioning of
biosystems; capability to write in a coherent and logical manner a scientific
report.

Autonomy of judgement: ability to autonomously and independently
characterize biosystems by using spectroscopic techniques; ability to select
the most appropriate experimental technique to investigate biosystems.
Communication skills: ability to clearly and logically describe the
phenomena occurring during the self-assembly of lipid aggregates and the
physical principles of spectroscopic methods for the study of biosystems;
ability to team working with classmates.




Learning skills: ability to autonomously strengthen and deepen themes
and topics related to membrane biophysics; ability to design experiments
for the biophysical characterization of biosystems; ability to self-orient in
the bibliographic literature and update.

Prerequisities None

Teaching Unit BONDS, MOLECULES, PHASES AND PHASE TRANSITIONS
SSD CHIM/02

ECTS 6

Learning outcomes

The teaching unit of Bonds, molecules, phases and phase transitions aims
at discussing the commonly used models for describing chemical bonds,
providing students with the skills to correlate the type of binding to
physical properties, including phase transitions.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding the concept of chemical
bonding based on the quantum description of electrons.

Ability to apply knowledge and understanding: ability to apply models of
atomic and molecular orbitals to the description of simple molecules and
compounds.

Autonomy of judgment: ability to autonomously evaluate the usefulness
of the different models of chemical bonding.

Communication skills: ability to describe the salient aspects of molecular
structure and the theory of chemical bonds.

Learning ability: covalent, ionic, hydrogen bond; metal bonds.

Prerequisities None

Teaching Unit CHAOTIC BEHAVIOR OF GEOPHYSICAL FLOWS
SSD FIS/06

ECTS 6

Learning outcomes

The training unit of Chaotic behavior of geophysical flows proposes to
describe the concepts of complexity and chaos, which now play an
important role in geophysics. Non-linear phenomena are described in
various contexts of geophysics, and their interpretative models are
discussed. The course includes three laboratory experiences concerning
the transition to chaos in mechanical, fluid-dynamic and electrical
systems.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding of the concepts underlying
the theoretical description of the Physics of complexity and acquisition of
the physical models that allow the interpretation of chaotic phenomena in
complex systems of geophysical nature.

Ability to apply knowledge and understanding: ability to apply the
fundamental models of non-linear physics to the interpretation of complex
and / or chaotic phenomena; ability to solve simple problems concerning
non-integrable systems.




Autonomy of judgment: ability to evaluate the consequences of the non-
linear behavior of simple physical systems.

Communication skills: ability to describe the salient qualitative and
quantitative aspects of phenomenology and basic theoretical modeling of
complex, non-linear and chaotic systems.

Prerequisities None

Teaching Unit COMPUTATIONAL BIOPHYSICS
SSD FIS/07

ECTS 6

Learning outcomes

The teaching unit of Computational biophysics aims at providing
students with the basic knowledge for modeling biological systems
through the use of numerical simulation methods. The student is
introduced to molecular dynamics modeling and simulation techniques.
At the end of the course the student will be able to: understand the
concepts of statistical mechanics and the physical mechanisms that allow
to describe the interactions between biological macromolecules, know and
use the numerical analysis methodologies employed in this specific field
of research.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to model complex problems in the
field of biophysics using the appropriate physical-statistical and
computational methodologies.

Ability to apply knowledge and understanding: ability to use the acquired
knowledge to reproduce the functioning mechanisms of biological
systems and improve their understanding in terms of physical properties.
Autonomy of judgment: experience in recognizing the strengths and
limitations of computer simulations and evaluating the circumstances in
which a numerical technique can help in determining an interpretative
physical model.

Communication skills: ability to describe the interactions between
biological macromolecules and the most common simulation techniques.
Learning skills: ability to model and simulate interactions between
biological macromolecules starting from physical and statistical concepts
on the interactions involved in these systems.

Prerequisities None

Teaching Unit CONDENSED MATTER PHYSICS LABORATORY
SSD FIS/03

ECTS 6

Learning outcomes

The teaching unit of Condensed matter physics laboratory aims at
providing the student with the knowledge of a good number of
experimental techniques for the preparation and study of materials. The
course aims at presenting and testing the main investigation methods at
the microscopic and nanoscopic level of the morphological-




crystallographic and spectroscopic properties of matter both in volume
and on the surface.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand the physical
mechanisms underlying the main experimental techniques designed to
prepare and characterize innovative materials.

Ability to apply knowledge and understanding: ability to use the
knowledge acquired to use advanced instrumentation for the preparation
and characterization of materials.

Making judgments: the ability to autonomously identify the most
appropriate preparation and measurement techniques for investigating
the physical properties of materials.

Communication skills: ability to describe the advanced techniques used in
the physics of the subject.

Learning skills: ability to interpret experimental results in light of the
acquired notions of advanced electromagnetism and optics.

Prerequisities None

Teaching Unit DYNAMICS OF THE ATMOSPHERE
SSD FIS/06

ECTS 6

Learnieng outcomes

The teaching unit of Dynamics of the atmosphere aims at providing the
student with a deep knowledge, understanding and awareness of the main
phenomena that take place in the atmosphere of the Earth and in the
oceans.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: acquisition of adequate basic knowledge
of the main phenomena that take place in the atmosphere of the Earth and
in the oceans; acquisition of the tools that are necessary to solve both
theoretical and practical problems in the research work on atmospheric
phenomena; ability to read and understand texts, including advanced
ones, and research articles in English.

Ability to apply knowledge and understanding: ability to understand
formulae and equations that characterize the study of atmospheric
phenomena; ability in deriving and elaborating simple theoretical models;
ability to solve, using either analytical or computing tools, the equations
that characterize the description of atmospheric phenomena.

Autonomy of judgement: ability to construct and developing, thorough
logical-mathematical arguments, simple models that allow the student an
effective study of the atmospheric phenomena; ability to clearly state the
limits and implications of the realized modelling and the range of validity
of the obtained results.

Communication skills: ability to communicate problems, ideas and
solutions regarding atmospheric phenomena, either own or other authors'
ones, both to a specialized or generic public, both in written and in oral
form, in the own language or in the English language; ability to work in
groups and autonomously, by using in an appropriate manner the




physical-mathematical and computing abilities acquired during the
course.

Learning ability: ability to continue the studies in the field of atmospheric
physics with a good degree of autonomy; ability to acquire a flexible mind
and promptly be involved in working environments, by easily adapting to
the study of new problems and acquiring specific skills.

Prerequisities None

Teaching Unit FUNDAMENTAL PROCESSES IN ASTROPHYSICS
SSD FIS/03

ECTS 6

Learning outcomes

The teaching unit of Fundamental processes in astrophysics aims at the
acquisition by the student of the ability to quantitatively describe some
models, even numerical, of stellar structure, starting from the basic
physical processes.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: phenomenology of energy production in
stars, basic principles and quantitative aspects of star physics.

Ability to apply knowledge and understanding: applying the description
of basic physics to obtain information on the main physical phenomena of
the stellar structure.

Autonomy of judgment: ability to independently extract fundamental
information on the main physical aspects of stars of various types, starting
from the basic equations of modern physics.

Communication skills: ability to describe the phenomenology that
underlies the structure and stellar evolution.

Learning skills: understanding the description of star systems and the
approximations used in the description of the system through basic
physical processes.

Prerequisities None

Teaching Unit HIGH-ENERGY ASTROPHYSICS
SSD FIS/05

ECTS 6

Learning outcomes

The teaching unit of High-energy astrophysics aims at forming the
student with knowledges on physical processes, such as acceleration and
transport of energetic particles, dynamics of shock waves in collisionless
plasmas, radiative processes, in different astrophysical systems, such as
the heliosphere, galaxies and extragalactic sources. Theory will be
compared with observations in-situ (from spacecraft in the interplanetary
medium) and from remote sensing (radio, X-ray, gamma emissions in
supernova remnants, in galaxy clusters, from pulsars, and gamma ray
bursts).

A portion of the course will be dedicated to the observative properties of
distant objects, such as magnetars, pulsars, gamma ray bursts, and sources
of gravitational waves. At the end of the lectures, the student is supposed




to be able to interpret in-situ and remote observations, as well as to
describe quantitatively the physical processes at work in the objects
studied, by using principles from classical physics and from general
relativity.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding the dynamics of charged
particles in time dependent magnetic fields and in magnetic turbulence;
knowledge of the main mechanisms of particle acceleration at collision less
shock waves; understanding of in-situ and remote observations in light of
the physical processes studied and of the radiative processes described
during the lectures (such as synchrotron emission and thermal
bremsstrahlung); knowledge of the fundamental properties of distant
objects and of the sources of gamma ray emission and gravitational waves.
Applying knowledge and understanding: interpretation of in-situ and
remote observations in light of the physical processes studied in different
astrophysical environments.

Autonomy of judgment: independent ability of identifying processes in
plasma physics and general relativity related to high energy sources in
astrophysics.

Communication skill: ability of describing phenomena of particle
acceleration and transport related to X-ray, radio, and gamma emissions
in galactic and extragalactic sources.

Learning skills: understanding the physical mechanisms that give rise to
the most energetic phenomena in the Universe.

Prerequisities None

Teaching Unit LINEAR AND NON-LINEAR SPECTROSCOPIES
SSD FIS/07

ECTS 6

Learning outcomes

The teaching unit of Linear and non-linear spectroscopies aims at
providing the student with the basic notions of quantum mechanics
necessary for understanding the physical mechanisms underlying the
operation of lasers. The course also includes an introduction to non-linear
optical spectroscopy techniques.

At the end of the course the student will be able to understand the physical
mechanisms underlying the operation of continuous and pulsed lasers, ii)
to describe the physical principles that underlie the techniques of linear
and nonlinear optical spectroscopy.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand the physical
mechanisms underlying laser technology and ultra-fast non-linear optical
spectroscopies.

Ability to apply knowledge and understanding: the student will be able to
understand the operating parameters of continuous and pulsed lasers and




to understand the experimental results obtained using frequency-sum
vibrational spectroscopy techniques.

Autonomy of judgment: the student will learn to characterize some
properties of laser emission and to obtain information on molecular
architecture at an interface from data obtained by frequency sum
vibrational spectroscopy.

Communication skills: ability to describe the physical mechanisms
underlying laser technology, the principles of operation of continuous and
pulsed lasers and ultra-fast non-linear optical spectroscopies.

Learning skills: ability to interpret the phenomenology linked to the
generation and use of laser radiation in terms of advanced notions of
quantum mechanics on the interaction between radiation and matter.

Prerequisities None

Teaching Unit MATHEMATICAL EDUCATION
SSD MAT/04

ECTS 6

Learning outcomes

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: acquisition of advanced knowledge of the
subject, concerning mathematics education and its applications; ability to
abstraction and ductility in using formal language; ability to organize and
develop mathematics and mathematics education topics with a clear
identification of historical and epistemological aspects; ability to read and
understand even advanced texts of mathematics and of mathematics
education research articles and to expose the content in front of an
experienced audience.

Ability to apply knowledge and understanding: ability to understand
statements written in mathematical language; ability to produce rigorous
demonstrations even of original results; ability to use the scientific method
of investigation, in particular for the construction of mathematical models
and their verification; ability to solve problems of high difficulty in
different areas of mathematics education, identifying in an autonomous
way the necessary tools to deal with them; ability to analyze problematic
situations in the light of educational research, planning educational
activities for school even with the use of technologies; ability to carry out
defined technical and professional tasks in the field of learning-teaching
mathematics or spreading culture scientific; ability to use computer tools,
for example programming languages and specific software, as an aid to
the solution of mathematical and mathematics education problems of both
theoretical and application type; ability to summarize and clearly explain
mathematics and mathematics education topics even of high difficulty.
Autonomy of judgment: ability to deal with mathematical and
mathematical education problems, even of high complexity, identifying
autonomously the most appropriate theoretical tools for their solution;
ability to propose and analyze mathematical models associated with
problems, even of high complexity, that originate in other disciplines;
ability to construct and develop complex logical arguments
independently.




Communication skills: ability to communicate problems, ideas and
methods of mathematics and of mathematics education, even advanced,
in front of a specialized public, both in their own language and in English;
ability to communicate educational activities in writing and oral for an
audience of students at secondary school; ability to contribute to the
dissemination of mathematical culture among the general public through
dissemination activities; ability to work in groups and with broad
autonomy, also assuming scientific and organizational responsibilities.
Learning ability: ability to start research activities with a good degree of
autonomy in specialized fields of mathematics and mathematics education
and other disciplines; ability to have a flexible mentality and an ability to
fit quickly into work environments, easily adapting to new problems,
easily acquiring specific skills and also demonstrating managerial skills.

Prerequisities None

Teaching Unit MESOPHASES AND METASTRUCTURES
SSD FIS/03

ECTS 6

Learning outcomes

The training unit of Mesophases and metastructures aims at providing
the student with a rigorous description of the physical properties of the
liquid crystalline mesophases and the experimental techniques used for
their characterization, together with the introduction of advanced hybrid
composite systems, such as metastructures and metasurfaces, both nano
and micro structured. The student will learn to describe the physical
properties of the above-mentioned systems, to understand and describe
the changes related to external stresses (such as mechanical, electrical,
magnetic, optical, etc. stress), and to provide examples of innovative and
functional materials and their possible applications.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: the ability to understand i) the differences
between the various types of liquid crystalline mesophases and hybrid
metal/dielectric metastructures, ii) the physical mechanisms underlying
the interaction between these systems and external stresses (light, electric,
magnetic fields, etc.), iii) the most commonly techniques used to
characterize their properties.

Ability to apply knowledge and understanding: the ability to use the
acquired knowledge for understanding the operation mechanisms of
liquid crystalline-based devices, as well as for the hybrid
organic/inorganic metastructures.

Autonomy of judgment: the ability to independently extract the
fundamental information useful for the description of the physical
properties of the studied systems.

Communication skills: the ability to describe the physical properties of the
most common introduced systems, of the common investigation
techniques and the possible applications of these systems in real life.
Learning skills: have an effective overview of the various features and
properties of mesophases and metastructures, as well as understanding
their working principles and application aspects.




Prerequisities

None

Teaching Unit METEOROLOGY LABORATORY
SSD FIS/01
ECTS 6

Learning outcomes

The teaching unit of Meteorology laboratory proposes to provide the
student with the knowledge of the fundamentals underlying the collection
and processing of geophysical and meteorological data, both from the
ground and from space, and the ability to extract physical parameters from
the said data. At the end of the course the student will be able to elaborate
and critically evaluate the meaning of the collected data.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: basic principles and methodology of
observations and measurements in geophysics and meteorology.
Ability to apply knowledge and understanding: apply the basic principles
of the meteorology laboratory to extract the physical parameters from the
measurements.

Autonomy of judgment: ability to independently extract fundamental
information from geophysical data, both from the ground and from space.
Communication skills: ability to describe the phenomenology that
corresponds to the observations used.

Learning ability: ability to understand the importance of selecting the best
instrumentation to observe a given meteorological or geophysical
phenomenon.

Prerequisities None

Teaching Unit MICROSCOPY
SSD FIS/03

ECTS 6

Learning outcomes

The teaching unit of Microscopy aims at providing students with
knowledge of microscopic analysis techniques, used to investigate and
characterize phenomena and materials from the micro to the atomic scale.
In particular, it is intended that students will learn these techniques and
their use in research, applications, and technology.

The course aims to provide students with direct experimental knowledge
through laboratory activities. At the end of the course the student will be
able to understand and use these techniques autonomously.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: knowledge and understanding of
microscopy techniques such as optical, electron and scanning probe
microscopy and their applications in the field of materials and
nanotechnology and phenomena at the nano and atomic scale.
Ability to apply knowledge and understanding: apply the techniques to
study materials.




Autonomy of judgment: ability to extract fundamental information from
measurement results.

Communication skills: ability to describe instruments and measurements
methods, and the results of investigations, conducted on various materials
and phenomena.

Learning skills: have an effective overview of the various techniques and
their use for the study and optimization of systems and materials.

Prerequisities None

Teaching Unit MOLECULAR SPECTROSCOPY
SSD FIS/07

ECTS 6

Learning outcomes

The training unit of Molecular spectroscopy aims at providing the student
with the main contents of the interaction between radiation and matter,
focusing on Molecular Symmetry, basic principles of Quantum Mechanics
and Spectroscopy techniques (Rotational, IR, Raman and UV/VIS).

At the end of course the student will be able to obtain information about
the symmetry of active IR and Raman normal modes, by using Group
Theory. The student will be able to understand the phenomena associated
with the interaction between radiation and matter in the range of the
electromagnetic spectrum related to rotational, vibrational and electronic
transitions. Students will also increase their ability to study
independently and to look for additional books and materials useful to
widen their knowledge.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: knowledge of the main contents of Group
Theory and Quantum Mechanics related to the main spectroscopic
techniques.

Ability to apply knowledge and understanding: application of main
contents of symmetry and Quantum Mechanics for the comprehension of
the obtained spectra, from the main spectroscopic techniques (rotational,
IR, Raman, UV/VIS).

Autonomy of judgment: autonomous identification of the appropriate
approaches that allow the acquisition and the interpretation of rotational,
vibrational (IR and Raman) and UV/VIS spectra.

Communication skills: ability in describing the phenomenology and the
modeling related to Optical and Electronic Spectroscopies.
Learning skills: understanding the description of spectral results and
correlating them to the physical and chemical properties of matter, subject
of the investigation.

Prerequisities None

Teaching Unit NUCLEAR AND PARTICLE PHYSICS
SSD FIS/01

ECTS 6




Learning outcomes

The teaching unit of Nuclear and particle physics aims at providing a
detailed description of the basics of the standard model of elementary
particle physics, discussing the electroweak and strong interactions and
providing the tools to evaluate the cross sections of simple interaction
processes.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding of the concepts underlying
the standard model: relativistic fields, quantum electrodynamics, weak
interaction, strong interaction.

Ability to apply knowledge and understanding: ability to use Feynman
diagrams to discuss simple interaction processes in the context of
electroweak theory and quantum chromodynamics.

Judgment autonomy: ability to autonomously evaluate the practical and
conceptual utility of Feynman diagrams.

Communication skills: ability to describe the results of some diffusion
processes between elementary particles.

Learning skills: electroweak unification; the standard model; the QCD.

Prerequisities None

Teaching Unit NUCLEAR AND PARTICLE PHYSICS LABORATORY I
SSD FIS/01

ECTS 6

Learning outcomes

The training unit of Nuclear and particle physics laboratory I aims at
providing the student with the main notions related to the radiation-
matter interaction theory and at describing the different technologies used
in the construction of detectors for nuclear and subnuclear physics. The
course also provides an accurate description of the working principle of
general purpose experiments (e.g. ATLAS and CMS at LHC and ALEPH
and DELPHI at LEP) and the main methods used for data analysis. Ample
space is left to laboratory activities where the student is called to
participate in the commissioning, analysis of the collected data and
presentation of the results obtained.

At the end of the course the student will be able to critically analyze the
experimental apparatus that have been created in the laboratory of nuclear
and subnuclear physics.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: knowledge of the main results of the
radiation-matter interaction theory and their applications in the
development of detectors for nuclear and subnuclear physics.

Ability to apply knowledge and understanding: ability to design and
implement a medium complexity nuclear or subnuclear physics
experiment.

Autonomy of judgment: development of the ability to select the best
particle detection technique in a generic experiment of nuclear and
subnuclear physics.




Communication skills: development of the ability to communicate, both in
oral and written form, information, ideas, problems and solutions
concerning the topics of the course in question.

Learning skills: development of the understanding of the close
relationship between the theory of radiation-matter interaction and the
theory of detectors for the physics of elementary particles.

Prerequisities None

Teaching Unit NUCLEAR AND PARTICLE PHYSICS LABORATORY II
SSD FIS/01

ECTS 6

Learning outcomes

The teaching unit of Nuclear and particle physics laboratory II aims at
providing the student with knowledge of the advanced statistical methods
used in elementary particle physics; Monte Carlo techniques and the main
features and functionality of the FLUKA simulation program.

At the end of the course the student will be able to set up a data analysis
and use Monte Carlo simulations both in the analysis and in the study of
medium complexity detectors used in nuclear and subnuclear physics, as
well as useful equipment in applied physics.

EXPECTED LEARNING RESULTS

Knowledge and understanding: ability i) to understand the main statistical
methods used in the analysis of the data produced in a typical High
Energy Physics experiment ii) to perform detailed simulations of detectors
using the FLUKA program iii) to understand the physical processes at the
basis of the functioning of useful tools, for example, also in hadrotherapy.
Ability to apply knowledge and understanding: ability to apply the
techniques acquired for data analysis and Monte Carlo simulation to
physics cases of interest in high energy physics or its applications.
Autonomy of judgment: ability to choose the best design solutions related
to the development of a simulation of a typical detector used in nuclear
and subnuclear physics.

Communication skills: development of the ability to communicate both
oral and written information, ideas, problems and solutions concerning
the topics of the course in question.

Learning skills: ability to understand the various aspects related to the
field of study also using specialized texts and publications in general.

Prerequisities None

Attivita formativa | OPTICS AND PHOTONICS
SSD FIS/03

ECTS 6

Learning outcomes

The training unit of Optics and photonics aims at providing the student
with knowledge of the main aspects of classical physical optics, light
matter interaction and photonic applications. The course also includes the
study of these phenomena in the laboratory with the use of advanced




scientific and didactic instruments. At the end of the course the student
will be able to describe 1) the interactions of electromagnetic waves
(optical frequencies) with matter; 2) the phenomena of interference and
diffraction; 3) the propagation of light in optically isotropic, anisotropic
and nonlinear media and layered systems; (introductory) laser physics.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand the main
phenomena of classical optics and the optical properties of materials.
Ability to apply knowledge and understanding: ability to set up design
and carry out experiments on the main optical phenomena and
measurements of the optical properties of materials.

Independent judgment: ability to autonomously identify the main aspects
of the propagation of light in materials and classical physical optics;
interpretation of the results of measurements of the optical properties of
materials; basis of laser physics.

Communication skills: development of the ability to communicate
acquired knowledge in oral and written form, ability to write a report on
experimental activities concerning the phenomena studied and the optical
characterizations of the materials.

Learning skills ability to understand the basic concepts of physical optics,
optical properties of materials, and laser physics.

Prerequisities None

Teaching Unit PARTICLE PHYSICS PHENOMENOLOGY I
SSD FIS/01

ECTS 6

Learning outcomes

The teaching unit of Particle physics phenomenology I aims at providing
the student with knowledge relating to non-Abelian gauge theories in
general and the Electroweak Standard Model in particular. The
phenomenology of electroweak interactions is introduced through a
quantitative description of the main results of the SPS, LEP and LHC
colliders. The course also provides an accurate description of the main
discrete symmetries and their application in elementary particle physics.

At the end of the course, the student will be able to tackle, from a
phenomenological point of view, the analysis and solution of problems
related to electroweak processes and to apply the principles of symmetry
in the description of subnuclear processes.

EXPECTED LEARNING RESULTS

Knowledge and understanding: knowledge of the main elements and
results of the electroweak theory.

Ability to apply knowledge and understanding: ability to apply the results
of non-Abelian gauge theories in the phenomenological description of
electroweak processes.

Autonomy of judgment: development of the ability to identify the physical
aspects  characterizing an  electroweak interaction  process.
Communication skills: development of the ability to communicate




information, ideas, problems and solutions concerning the topics of the
course in both oral and written form.

Learning skills: understanding of the fundamental elements of the Higgs
mechanism and of the violation of C, P, T symmetries in the development
of the electroweak Standard Model.

Prerequisities None

Teaching Unit PARTICLE PHYSICS PHENOMENOLOGY II
SSD FIS/01

ECTS 6

Learning outcomes

The teaching unit of Particle physics phenomenology II aims at providing
the student with knowledge on the quark model for the classification of
hadrons and Quantum Chromodynamics. The phenomenology of strong
interactions is introduced through a quantitative description of the main
results at the SPS, Tevatron and LHC colliders. The course also provides a
description of the main results relating to deeply inelastic diffusion
processes with particular reference to the structure of the proton.

At the end of the course, the student will be able to tackle, from a
phenomenological point of view, the analysis and solution of problems
related to the main characteristics of strong interaction processes.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: knowledge of the main elements and
results of Quantum Chromodynamics.

Ability to apply knowledge and understanding: ability to apply the results
of non-Abelian gauge theories in the phenomenological description of
strong processes.

Autonomy of judgment: development of the ability to identify the physical
aspects that characterize a strong interaction process. Communication
skills: development of the ability to communicate information, ideas,
problems and solutions concerning the topics of the course in both oral
and written form.

Learning skills: understanding of the fundamental elements underlying
the development of Quantum Chromodynamics, in particular in relation
to the properties of confinement and asymptotic freedom.

Prerequisities None

Teaching Unit PHYSICAL METHODS IN BIO-MEDICINE
SSD FIS/07

ECTS 6

Learning outcomes

The training unit of Physical methods of bio-medicine aims at providing
the student with the basic knowledge to interpret the effects of ionizing
and non-ionizing radiations on the matter. The student will be introduced
to the experimental techniques of EPR dosimetry, magnetic resonance
imaging, ultrasound, infrared and thermoanalytic techniques.




EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand the physical
principles underlying the advanced biomedical methodologies.

Ability to apply knowledge and understanding;: ability to use the physical
principles underlying the advanced biomedical methodologies and
instruments for the interpretation of experimental results.

Making judgments: the student will learn to recognize the potential and
limitations of the most common biomedical investigation techniques.
Communication skills: ability to describe the physical principles
underlying EPR dosimetry techniques, nuclear magnetic resonance
imaging, ultrasound and thermal analysis and their functioning.
Learning skills: ability to interpret experimental results in light of the
knowledge acquired on the interaction between matter and ionizing and
non-ionizing radiations.

Prerequisities None

Teaching Unit PHYSICS EDUCATION
SSD FIS/08

ECTS 6

Learning outcomes

The training unit of Physics education proposes to provide the student
with the knowledge of the main didactic and pedagogical tools for
teaching physics. Particular attention will be given to the preparation of
laboratory experiences.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: main objectives of teaching physics.
Ability to apply knowledge and understanding: ability to prepare physics
lessons for high school and to perform laboratory.

Autonomy of judgment: ability to autonomously identify teaching
methodologies more appropriate to a given class of students
Communication skills: ability to describe the content of lessons using
appropriate language.

Learning ability: ability to consult both historical and recent texts on
physics teaching, and to understand the mechanisms of training interest
of students.

Prerequisities None

Teaching Unit PHYSICS OF COMPLEX SYSTEMS
SSD FIS/02

ECTS 6

Learning outcomes

The training unit of Physics of complex systems unit aims at describing
the concepts of complexity and chaos, which now play an important role
in physics. Nonlinear phenomena are described in various contexts of
physics, and their interpretative models are discussed. The course
includes three laboratory experiences concerning the transition to chaos in
mechanical, fluid-dynamic and electrical systems.




EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding of the concepts underlying
the theoretical description of Complexity Physics and acquisition of
physical models that allow the interpretation of chaotic phenomena in
complex systems of various kinds.

Ability to apply knowledge and understanding: ability to apply the
fundamental models of non-linear physics to the interpretation of complex
and / or chaotic phenomena; ability to solve simple problems concerning
non-integrable systems.

Autonomy of judgment: ability to evaluate the consequences of the non-
linear behavior of simple physical systems.

Communication skills: ability to describe the salient qualitative and
quantitative aspects of phenomenology and basic theoretical modeling of
complex, non-linear and chaotic systems.

Learning skills: concepts of complexity, non-predictability and chaos.

Prerequisities None

Teaching Unit PLASMA ASTROPHYSICS
SSD FIS/05

ECTS 6

Learning outcomes

The teaching unit of Plasma astrophsyics aims at providing the student
with advanced knowledge of the kinetic theory of plasmas and the ability
to quantitatively solve problems involving the formalism of the
Boltzmann and Vlasov equations.

At the end of the course the student will be able to determine the
properties of waves and instability in the kinetic regime of plasmas.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: basic principles and methodology of
kinetic plasma theory.

Ability to apply knowledge and understanding: apply the basic principles
of kinetic plasma theory to obtain a solution in analytical form of selected
problems.

Autonomy of judgment: ability to autonomously extract the fundamental
information on the distribution function of plasmas in the phase space.
Communication skills: ability to describe the phenomenology that
underlies the dynamics of a plasma even outside the thermodynamic
equilibrium.

Learning skills: ability to understand the importance of selecting the most
appropriate description for astrophysical and laboratory plasmas.

Prerequisities None

Teaching Unit QUANTUM FIELD THEORY I
SSD FIS/02

ECTS 6




Learning outcomes

The teaching unit of Quantum field theory I aims at providing the student
with the basic principles for the quantization of relativistic quantum
theories, the methods for extracting conservation laws from their
symmetries and the perturbative approach for the calculation of transition
amplitudes in theories with interacting fields.

At the end of the course the student will be able to calculate in perturbation
theory, through the use of Feynman diagrams, the transition amplitude
for diffusion processes in relativistic quantum field theories, with special
reference to perturbative Quantum Electrodynamics (QED).

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: knowledge of the main results and
methods in relativistic quantum field theories.

Ability to apply knowledge and understanding: ability to apply the results
of field quantum theory in the description of the physical properties of
elementary particles and their interactions.

Autonomy of judgment: ability to autonomously identify the most
convenient approach in field theory calculations.

Communication skills: development of the ability to communicate, both in
oral and written form, information, ideas, problems and solutions
concerning the topics of the course.

Learning skills: development of the ability to extend principles and
methods beyond the content of the course and to apply them also to
different kinds of interacting systems.

Prerequisities None

Teaching Unit QUANTUM FIELD THEORY II
SSD FIS/02

ECTS 6

Learning outcomes

The teaching unit of Quantum field theory II aims at providing the
student with an advanced knowledge of quantum electrodynamics (QED),
with particular reference to the calculation of cross sections at tree-level of
elementary processes and the theory of renormalization, and a basic
knowledge of non-Abelian quantum field theories.

At the end of the course the student will have learned the basic notions
necessary for the perturbative calculation of cross sections and decay
lengths in the Standard model of particle physics.

EXPECTED LEARNING RESULTS

Knowledge and understanding: knowledge of the main results of
quantum field theory with particular reference to the perturbative
calculation of cross sections and decay lengths in the Standard models of
particle physics.

Ability to apply knowledge and understanding: ability to apply the
concepts learned in the course to the calculation of theoretical

predictions of electroweak processes.




Autonomous judgment: ability to identify the most convenient approach
in organizing a perturbative calculation for a physical process in the
Standard model of particle physics.

Communication skills: development of the ability to communicate, both in
oral and written form, information, ideas, problems and solutions
concerning the subject of the course in question.

Learning skills: development of the ability to extend principles and
methods beyond the content of the course and to apply them also to
different kinds of interacting systems.

Prerequisities None

Teaching Unit SCIENTIFIC DATA ACQUISITION AND PROCESSING
SSD FIS/07

ECTS 6

Learning outcomes

The teaching unit of Scientific data acquisition and processing intends
to describe advanced techniques for the acquisition and processing of
experimental data, with particular attention to real-time acquisition and
representation of data in digital tools. The representation on the time axis
is compared with the Fourier representation and all the elements for the
analysis of the discrete Fourier transform are introduced, which is
analyzed in detail both from a theoretical and operational point of view.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: noise control, sampling of a signal,
filtering, signal in Fourier space.

Ability to apply knowledge and understanding: knowing how to
program and use acquisition systems in processes of physical interest.
Autonomy of judgment: independent evaluation of the experimental
methods to be used.

Communication skills: knowing how to represent and discuss the data
obtained from the analysis of signals due to physical processes.
Learning skills: data acquisition and filtering.

Prerequisities None

Teaching Unit SOFT MATTER PHYSICS
SSD FIS/07

ECTS 6

Learning outcomes

The teaching unit of Soft matter physics aims at providing the student
with a detailed description of the physical properties of soft matter, with
particular reference to intermolecular interactions. During the course
some examples of soft matter are highlighted and their properties are
described with particular reference to technological applications in
transdisciplinary fields.

At the end of the course the student will be able to: i) describe the
characteristics of soft materials and he will understand the models that
determine their behavior, ii) to describe the main experimental techniques
that are used in the study of soft materials.




EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand: i) the physical
mechanisms underlying the weak interaction between molecules in soft
materials, ii) the mechanisms underlying the interactions between
microscopic bodies in air and in electrolyte solutions, iii) the mechanisms
that regulate surface wettability phenomena, and iv) the physical
properties of some soft materials such as polymers, colloids, surfactants
and liquid crystals.

Ability to apply knowledge and understanding: ability to use the acquired
knowledge to understand the working mechanisms of different soft matter
systems and to choose the experimental methodologies suitable for the
characterization of their physical properties.

Autonomy of judgment: ability to autonomously identify the main
mechanisms underlying the description of the physical properties of soft
matter systems.

Communication skills: ability to describe the interaction forces between
microscopic bodies in air and in electrolytic solutions, the phenomena of
wettability of surfaces and the physical properties of some soft materials.
Learning skills: ability to interpret the properties of complex soft materials
in terms of their intermolecular interactions.

Prerequisities None

Teaching Unit SOLAR PHYSICS AND SUN-EARTH CONNECTION
SSD FIS/06

ECTS 6

Learning outcomes

The teaching unit of Solar Physics and Sun-Earth connection aims at
providing the student with the knowledge of the fundamentals of solar
activity and its influence on the terrestrial environment, and the ability to
identify the most dangerous phenomena for high-tech human activities.

At the end of the course the student will be able to design methodologies
for the safety of artificial satellites.

EXPECTED LEARNING RESULTS

Knowledge and understanding: basic principles and phenomenology of
solar activity.

Ability to apply knowledge and understanding: apply the basic principles
of solar physics to obtain a quantitative description of the observed
phenomena.

Autonomy of judgment: ability to independently extract the fundamental
information of solar activity.

Communication skills: ability to describe the phenomenology of solar
activity and its influence on the terrestrial environment.

Learning skills: ability to understand the importance of the various factors
that determine the Sun-Earth relations.

Prerequisities

None




Teaching Unit SOLID STATE PHYSICS
SSD FIS/07
ECTS 6

Learning outcomes

The training unit of Solid state physics aims at providing the student with
theoretical and experimental knowledge on electronic transport properties
in metals and semiconductors, presenting some application examples. The
course also provides an accurate description of the magnetic properties of
solids with particular reference to superconductivity and technological
applications. At the end of the course the student will be able i) to describe
from a theoretical point of view the electron transport models in metals
and semiconductors, ii) to describe the physical principles underlying the
magnetic properties of solids.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand transport
mechanisms in metals and semiconductors and physical principles
underlying the magnetic properties of solids.

Ability to apply knowledge and understanding: the student will be able to
understand the properties of metals and semiconductors using electron
spectroscopy and photoemission techniques.

Autonomy of judgment: ability to autonomously identify the main
mechanisms that allow the description of the physical properties of metals
and semiconductors.

Communication skills: ability to describe the physical principles
underlying the electronic transport properties in metals and
semiconductors and the magnetic properties of materials also in reference
to technological applications.

Learning skills: ability to interpret the phenomenology related to the use
of metallic and semiconductor materials and their magnetic properties in
terms of advanced notions of quantum mechanics.

Prerequisities None

Teaching Unit SPACE PHYSICS
SSD FIS/06

ECTS 6

Learning outcomes

The teaching unit of Space physics aims at giving students the
fundamental knowledge on charged particles and plasmas around the
Earth' space environment, as well as the capability to find a quantitative
solution of problems which require the plasma fluid approach. At the end
of the course the student will be able to obtain a general classification of
waves propagating in either a ionospheric or a space plasma.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: basic principles and methods of plasma
fluid theory.

Capability to apply knowledge and understanding: capability to apply the
basic principles of plasma fluid description to obtain analytical solutions




for plasma wave propagation, and to correctly interpret in situ spacecraft
data.

Autonomous judging capability: ability to obtain in an autonomous way
the basic information on wave propagation in a magnetized plasma.
Communication skills: capability to describe and present the phenomena
related to the propagation of waves in the Earth's ionosphere and
magnetosphere.

Learning capability: ability to sort and discriminate in the wide field of
spacecraft in situ data and to understand the importance of finding the
correct plasma wave modes.

Prerequisities None

Teaching Unit SPACE WEATHER
SSD FIS/06

ECTS 6

Learning outcomes

The teaching unit of Space weather proposes to provide the student with
the knowledge of the fundamentals of solar activity and its influence on
the terrestrial environment, and the ability to identify the most dangerous
phenomena for high-tech human activities.

At the end of the course the student will be able to design methodologies
for the safety of artificial satellites.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: basic principles and phenomenology of
solar activity.

Ability to apply knowledge and understanding: apply the basic principles
of solar physics to obtain a quantitative description of the observed
phenomena.

Autonomy of judgment: ability to independently extract the fundamental
information of solar activity.

Communication skills: ability to describe the phenomenology of solar
activity and its influence on the terrestrial environment and on the
problems of Space Weather necessary for technological development.
Learning skills: ability to understand the importance of various factors
that determine the Sun-Earth relations.

Prerequisities None

Teaching Unit STATISTICAL MECHANICS
SSD FI1S/02

ECTS 6

Learning outcomes

The training unit of Statistical mechanics aims at deepening the use of
quantum statistics to model interacting systems of bosons or fermions and
to introduce the concepts of universality and critical behavior for lattice
systems.

EXPECTED LEARNING OUTCOMES




Knowledge and wunderstanding: understanding the concepts of
universality and renormalization in critical phenomena; knowing of
methods for solving problems with interacting particles, for classical
systems, fermions and bosons.

Ability to apply knowledge and understanding: applying the mean field
approximation to different continuous and lattice models.

Autonomy of judgment: critically using the different methods of
approximate solution of interacting systems, understanding their
applicability limits.

Communication skills: knowing how to explain in a technically correct
manner the main characteristics of the statistical behavior of interacting
particles in the classical and quantum description; knowing how to
describe critical phenomena and explain the concept of universality.
Learning skills: learning the role of classical and quantum correlations
beyond the average field approximation.

Prerequisities None

Teaching Unit SURFACE PHYSICS
SSD FIS/07

ECTS 6

Learning outcomes

The teaching unit of Surface physics aims at providing the student with
theoretical and experimental knowledge on the electronic properties of
materials and to describe the effects that a reduction in their
dimensionality has on these properties. The course also provides an
accurate description of the experimental techniques for the study of the
electronic structure of surfaces and for the preparation and
characterization of nanostructured surfaces.

At the end of the course the student will be able i) to describe from a
theoretical point of view the electronic structure in mono-, bi- and three-
dimensional systems, ii) to describe the physical principles that are the
basis of the investigation techniques of the electronic structure of materials
crystalline and nanostructured materials.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: ability to understand the effects of size
reduction on the electronic properties of crystalline systems and to
describe the electronic properties of nanostructured systems.
Ability to apply knowledge and understanding: the student will be able to
understand the experimental results obtained using electron spectroscopy
and photoemission techniques.

Autonomy of judgment: the student will learn to critically interpret the
experimental results of the spectroscopic techniques and to use them to
extrapolate information on the electronic properties of three-, two-
dimensional and one-dimensional systems and nanostructured systems.
Communication skills: ability to describe the physical principles
underlying the electronic properties of different dimensional and
nanostructured systems and of the main spectroscopic investigation
techniques.




Learning ability: ability to interpret the effect of reduction of the
dimensionality and / or the presence of nanostructures starting from the
notions acquired on three-dimensional systems.

Prerequisities None

Teaching Unit SYNOPTIC AND MESOSCALE METEOROLOGY
SSD FIS/06

ECTS 6

Learning outcomes

The teaching unit of Synoptic and mesoscale meteorology concerns the
study and analysis of the physical processes needed to describe
meteorological systems at the synoptic and mesoscale scales at all
latitudes, study their structure and predict, even in a qualitative way, the
future evolution. The study concerns the analysis and predictability of
these systems from mesoscale to planetary scales, including the basic
techniques used.

EXPECTED LEARNING RESULTS

Knowledge and understanding: knowledge of the basic principles and
phenomenology of meteorology.

Ability to apply knowledge and understanding: ability to apply the basic
principles of meteorology for a qualitative and quantitative description of
the observed phenomena and for the development of space-time forecasts.
Autonomy of judgment: ability to autonomously identify the main
atmospheric phenomena at different spatial scales (synoptic and
mesoscale).

Communication skills: ability to describe meteorological phenomena
using appropriate scientific language, also for communication and
dissemination purposes.

Learning skills: ability to understand the role of different atmospheric
phenomena in influencing meteorological variability, also in the context of
climate change.

Prerequisities None

Teaching Unit THEORETICAL CONDENSED MATTER PHYSICS
SSD FIS/03

ECTS 6

Learning outcomes

The teaching unit of Theoretical condensed matter physics aims at
providing a basic understanding of theoretical models and methods
employed to describe condensed matter systems, based on the second
quantization approach. In particular, the course focuses on many-body
systems, Green’s functions and diagrammatic techniques; linear response
theory and its applications.

EXPECTED LEARNING OUTCOMES

Knowledge and understanding: understanding the implications of
quantum indistinguishability and quantum statistics on the behavior of
condensed systems; mastering the concepts of quasi particle, collective




excitation, and emerging degree of freedom; understanding the meaning
of Green’s and response functions; understanding the limits of
applicability of the mean field and linear response approximations.
Applying knowledge and understanding: to be able to solve simple ideal
models of free and interacting many particle systems; to be able to evaluate
response function for simple model-systems and to employ Kubo
formulas in various contexts related to the properties of quantum gases.
Autonomy of judgement: to be able to assess the validity and goodness of
different approximation methods in the description of quantum particles
and their interactions (e.g., Bogolyubov method, diagrammatic approach,
fermionization etc.).

Communication skills: to be able to employ a suitable and technically
correct language in order to describe phenomena and theoretical models
of many-body systems; to be able to explain and use accurately the
concepts of collective excitation, emergent physics, critical behavior and
response function.

Learning skills: students will be guided in order to extend their knowledge
beyond the contents of the course, by deepening their understanding of
some of the subjects according to their specific interest, under the
supervision of the lecturer.

Prerequisities

None




