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Corso di Laurea Magistrale in Astrophysics and Cosmology 

 
 

Art. 1  Requisiti per l’accesso al corso 
 
Conoscenze richieste per l’accesso 
 
Per essere ammessi al corso di laurea magistrale in Astrophysics and Cosmology occorre essere in possesso 
di una laurea o del diploma universitario di durata triennale, ovvero di altro titolo di studio conseguito 
all'estero, riconosciuto idoneo. 
 
Occorre, altresì, il possesso di requisiti curriculari e il superamento di una verifica dell’adeguatezza della 
personale preparazione. 
 
Requisiti curriculari 
 
Avere conseguito la Laurea in una delle seguenti classi: 
 

▪ ex D.M. 270: tutte le L della classe L-30. 
▪ ex D.M. 509/99: tutte le L della classe 25 - Scienze e Tecnologie Fisiche. 
▪ Previgente ordinamento quadriennale: Laurea in Fisica, Laurea in Astronomia.  

 
Nel caso di possesso di titolo di studio conseguito all’estero, la commissione esaminatrice valuterà 
l’equivalenza sulla base dei contenuti curriculari. In particolare, è richiesto aver sostenuto esami che 
abbiano permesso di acquisire conoscenze di base a livello universitario nelle discipline della matematica, 
fisica e astronomia. 
 
Per l'accesso al corso è necessario possedere conoscenze nella lingua inglese equivalenti ad un livello non 
inferiore al B2 del QCER. 

Verifica dell’adeguatezza della personale preparazione 

Il Corso di Studio è a libero accesso. 
 
Oltre che al possesso dei requisiti curriculari sopra indicati, l'ammissione al Corso di Laurea Magistrale è 
subordinata all'accertamento dell'adeguata preparazione personale, che sarà effettuata da un’apposita 
Commissione attraverso l'analisi del curriculum e della carriera pregressa, anche tramite un eventuale 
colloquio, secondo le modalità, i criteri e le procedure fissate dal Consiglio di Corso di Laurea e rese note 
tramite pubblicazione sul Portale di Ateneo. 
 
In particolare sono richieste conoscenze di base di: 

− fisica classica e moderna,  

− analisi matematica e geometria; 

− elementi di informatica e programmazione; 

− tematiche sperimentali nell’ambito delle scienze fisiche. 

Nel caso di mancato superamento della verifica è preclusa l’iscrizione al corso. 
 
Accertamento delle competenze linguistiche 
 
Per l'accesso alla Laurea Magistrale in Astrophysics and Cosmology è richiesta la conoscenza della lingua 
inglese di livello B2 del Quadro comune europeo di riferimento per la conoscenza delle lingue. 
 



  

Nel caso di candidati non madrelingua, è richiesta una certificazione di conoscenza della lingua inglese di 
livello B2 del QCER, secondo le indicazioni fissate dal Consiglio di Corso di Studio e rese note tramite 
pubblicazione sul portale di Ateneo. 
 
Art. 2  Piani di studio individuali 
 
È prevista la possibilità di presentazione di piani di studio individuali con le modalità, i criteri e i termini resi 
noti tramite il Portale di Ateneo.  
 
I piani di studio individuali, approvati dal Consiglio di corso di studi, non possono comunque prescindere dal 
rispetto dell’ordinamento e delle linee guida definite dagli Organi competenti. Qualora il piano di studio 
preveda la scelta di attività formative attivate presso corsi di studio a numero programmato, l’ammissione 
alle stesse deve essere previamente approvata anche dal Consiglio di corso di studio a numero 
programmato sulla base di criteri da questo preventivamente individuati. 
 
Art. 3  Modalità di svolgimento delle attività formativa e tipologia delle forme didattiche 
 
Il piano didattico allegato indica le modalità di svolgimento di ciascuna attività formativa e la relativa 
suddivisione in ore di didattica frontale, di esercitazioni pratiche o di tirocinio, nonché la tipologia delle 
forme didattiche. 
 
Eventuali ulteriori informazioni ad esse relative saranno rese note annualmente sul Portale di Ateneo. 
 
Art. 4  Frequenza e propedeuticità 
 
L’obbligo di frequenza alle attività didattiche è indicato nel piano didattico allegato, così come le eventuali 
propedeuticità delle singole attività formative. 
 
Le modalità e la verifica dell’obbligo di frequenza, ove previsto, sono stabilite annualmente dal Corso di 
Studio in sede di presentazione della programmazione didattica e rese note agli studenti prima dell’inizio 
delle lezioni tramite il Portale di Ateneo. 
 
Art. 5  Percorso flessibile 
 
Lo studente può optare per il percorso flessibile che consente di completare il corso di studio in un tempo 
superiore o inferiore alla durata normale secondo le modalità definite nel Regolamento Studenti. 
 
Le attività formative previste dal percorso di studio, in caso di necessaria disattivazione, potranno essere 
sostituite, per garantire la qualità e la sostenibilità dell’offerta didattica. 
 

Art. 6  Prove di verifica delle attività formative 

 
Il piano didattico allegato prevede i casi in cui le attività formative si concludono con un esame con 
votazione in trentesimi ovvero con un giudizio di idoneità. 
 
Le modalità di svolgimento delle verifiche (forma orale, scritta o pratica ed eventuali loro combinazioni; 
verifiche individuali ovvero di gruppo) sono stabilite annualmente dal Corso di Studio in sede di 
presentazione della programmazione didattica e rese note agli studenti prima dell’inizio delle lezioni 
tramite il Portale di Ateneo. 

Art. 7  Attività formative a scelta dello studente 



  

Lo studente può scegliere tra le attività formative attivate in Ateneo purché coerenti con il percorso 
formativo. 

Il corso di studio considera coerenti con il progetto formativo tutte le attività formative attivate in Ateneo. 

Se lo studente sceglie un’attività formativa diversa da quelle considerate coerenti, secondo i sopraindicati 
criteri predeterminati, deve fare richiesta al Consiglio di corso di studio nei termini previsti annualmente e 
resi noti tramite pubblicazione sul Portale di Ateneo.  

Il Consiglio valuterà la coerenza della scelta con il percorso formativo dello studente. 

 

Art. 8  Criteri di riconoscimento dei crediti acquisiti in Corsi di Studio della stessa classe 
 
Il riconoscimento dei crediti acquisiti nei precedenti studi universitari è determinato, su istanza dello 
studente, dal Consiglio di corso di studio. 

I crediti formativi universitari acquisiti sono riconosciuti per non meno della metà e fino a concorrenza dei 
crediti dello stesso settore scientifico disciplinare previsti dall’ordinamento didattico del corso di studio. 

Qualora, effettuati i riconoscimenti in base alle norme del presente regolamento, residuino crediti non 
utilizzati, il Consiglio di Corso di studio può riconoscerli valutando il caso concreto sulla base delle affinità 
didattiche e culturali. 

 
Art. 9  Criteri di riconoscimento dei crediti acquisiti in Corsi di Studio di diversa classe, presso università 
telematiche e in Università estere 
 
I crediti formativi universitari acquisiti sono riconosciuti dal Consiglio di Corso di studio sulla base dei 
seguenti criteri: 

- analisi del programma svolto 

- valutazione della congruità dei settori scientifico disciplinari e dei contenuti delle attività formative 
in cui lo studente ha maturato i crediti con gli obiettivi formativi specifici del corso di studio e delle 
singole attività formative da riconoscere, perseguendo comunque la finalità di mobilità degli 
studenti. 

Il riconoscimento è effettuato fino a concorrenza dei crediti formativi universitari previsti dall’ordinamento 
didattico del corso di studio. 
 
Qualora, effettuati i riconoscimenti in base alle norme del presente regolamento, residuino crediti non 
utilizzati, il Consiglio di Corso di studio può riconoscerli valutando il caso concreto sulla base delle affinità 
didattiche e culturali. 
 
 
Art. 10  Criteri di riconoscimento delle conoscenze e abilità extrauniversitarie 
 
Possono essere riconosciute competenze acquisite fuori dall’Università nei seguenti casi: 
 

▪ conoscenze e abilità professionali certificate ai sensi della normativa vigente in materia; 

▪ conoscenze e abilità maturate in attività formative di livello post secondario alla cui realizzazione e 
progettazione abbia concorso l’Università. 

La richiesta di riconoscimento sarà valutata dal Consiglio di Corso di studio tenendo conto delle indicazioni 
date dagli Organi Accademici e del numero massimo di crediti riconoscibili fissato nell’ordinamento 
didattico del corso di studio.   



  

Il riconoscimento potrà avvenire qualora l’attività sia coerente con gli obiettivi formativi specifici del corso 
di studio e delle attività formative che si riconoscono, visti anche il contenuto e la durata in ore dell’attività 
svolta. 

 
Art. 11  Tirocinio curriculare 
 
Il Corso di Studio, su richiesta dello studente, può consentire, con le procedure stabilite dal Regolamento 
generale di Ateneo per lo svolgimento dei tirocini o dai programmi internazionali di mobilità per tirocinio, e 
in conformità alle norme dell’Unione Europea, lo svolgimento di un tirocinio finalizzato alla preparazione 
della prova finale/tesi di laurea o comunque collegato ad un progetto formativo mirato ad affinare il suo 
processo di apprendimento e formazione. 
 
Tali esperienze formative della durata massima di 12 mesi, che dovranno concludersi entro la data del 
conseguimento del titolo di studio, potranno essere svolte prevedendo l’attribuzione di crediti formativi: 

− nell’ambito di quelli attribuiti alla prova finale; 

− per attività di tirocinio previsto dal piano didattico; 

− per attività a scelta dello studente configurabili anche come tirocinio; 

− per attività aggiuntive i cui crediti risultino oltre il numero previsto per il conseguimento del titolo   
di studio. 

 

 
Art. 12  Prova finale 
 
La prova finale per il conseguimento della laurea magistrale consiste nella redazione e nella discussione 
pubblica di una tesi scritta ed elaborata in modo originale dallo studente su un argomento coerente con gli 
obiettivi del corso di studio, sotto la guida di un relatore. L'elaborato deve essere redatto in lingua inglese e 
la presentazione sostenuta in lingua inglese. 
 
La prova finale verifica la capacità del laureando di lavorare in modo autonomo e di presentare con 
chiarezza e piena padronanza i risultati di un progetto originale di ricerca, di natura sperimentale o teorica. 
 
L'attività di preparazione della prova finale può essere svolta presso un gruppo di ricerca del Dipartimento 
oppure, sotto la guida di un tutore, presso un'università o un ente di ricerca nazionale o internazionale, o 
anche presso un'azienda privata sia italiana che estera, anche sotto forma di tirocinio. 
 
La Tesi è discussa in seduta pubblica davanti a una Commissione appositamente nominata dal Consiglio di 
corso di studio. La valutazione finale è espressa in centodecimi. In caso di valutazione massima la 
Commissione di laurea può concedere la lode su decisione unanime, secondo i criteri resi noti tramite 
pubblicazione sul portale di Ateneo. 
 
 
 

La Commissione Paritetica docenti-studenti ha espresso parere favorevole sulla coerenza dei 
crediti assegnati alle singole attività formative e gli specifici obiettivi formativi programmati 
previsti dal piano didattico, ai sensi dell’articolo 12 comma 3 del DM 270/04 e ss.mm.ii. 
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Second-cycle Degree Programme in Astrophysics and Cosmology 

 
 

Art. 1  Admission requirements 
 
Knowledge required for admission 
 
Admission to the Second-cycle Degree Programme in Astrophysics and Cosmology is subject to the 
possession of a three-year university degree or other suitable qualification obtained abroad. 
 
Additionally, candidates must meet the curricular requirements and pass the assessment of personal 
knowledge and skills. 
 
Curricular requirements 
 
Possession of a first cycle degree in one of the following classes: 

- under Ministerial Decree 270: L-30 Physics 

- under Ministerial Decree 509/99: 25 Physics 

- Previous four-year degree programme system: Degree in Physics, Degree in Astronomy.  
 
For degrees obtained abroad, a Committee will assess the equivalence based on curricular contents. In 
particular, candidates are required to have passed exams allowing them to gain university-level knowledge 
of basic mathematics, physics and astronomy. 
 
Admission to the programme is subject to the possession of English language skills to at least CEFR level B2. 

Assessment of personal competencies and skills 

This degree programme is open access. 
 
Besides the curricular requirements indicated above, admission to this degree programme is subject to 
passing an assessment of the adequacy of personal competencies and skills, carried out by a dedicated 
Commission through analysis of students’ curriculum and academic records, and potentially through an 
interview, according to modalities, criteria and procedures set by the Degree Programme Board and 
published on the University Portal. 
 
Specifically, basic knowledge is required in: 

- classical and modern physics,  

- mathematical analysis and geometry; 

- computer science and programming; 

- experimental topics in physical sciences. 

Failure to pass this assessment will preclude enrolment in the program. 
 
Verification of language skills 
 
English proficiency at level B2 of the CEFR is required. Non-native speakers must present a certification in 
English at level B2, according to guidelines issued by the Degree Programme Board and published in the 
University Portal. 
 
 
 
 



  

Art. 2  Individual Study Plans 
 
Students may submit individual study plans according to rules, criteria, and deadlines published on the 
University Portal.  
 
Individual study plans are subject to the Degree Programme Board’s approval and must comply with the 
Degree Programme Teaching regulations and guidelines defined by competent bodies. If the study plan 
includes learning activities from restricted-access programs, admission to such activities must be previously 
approved by the respective Degree Programme Board based on pre-established criteria. 
 
Art. 3  Teaching methods and typology 
 
The attached study plan specifies for each learning activity the teaching methods and their distribution into 
hours of lectures, practical work or internships, as well as the type of teaching forms. 
 
Any additional information in this regard will be published annually on the University Portal. 
 
Art. 4  Attendance and prerequisites 
 
Attendance requirements and course prerequisites are specified in the attached study plan. 
 
The modalities and verification of attendance, if required, are determined annually by the Degree 
Programme Board during the teaching planning and communicated to students before the start of classes 
via the University portal. 
 
Art. 5  Flexible Path 
 
Students may opt for the flexible path, that allows completion of the degree in a timeframe that is longer or 
shorter than the usual duration of studies, according to modalities defined in the Student Regulations. 
 
If any curricular activities become unavailable, they can be replaced to ensure quality and sustainability of 
the educational offer. 

Art. 6  Assessment of learning activities 

 
The attached study plan indicates whether each learning activity ends with an exam graded out of 30 or with 
a “pass/fail” evaluation. 
 
The assessments methods (oral, written, practical, or their combinations; individual or group tests) are 
defined annually by the Degree Programme Board during the teaching planning and communicated to 
students before the start of classes via the University Portal. 

Art. 7  Elective learning activities 

Students may select any elective learning activities from among those offered by the University of Bologna, 
provided they are consistent with the degree program. 

If a student chooses activities deemed inconsistent, they must submit a request to the Degree Programme 
Board by the deadlines published annually on the University Portal. The Committee will assess whether the 
choice aligns with the student’s academic path. 

 

 

 



  

Art. 8  Criteria for the recognition of credits earned in degree programmes of the same class 
 
Upon students’ request, credits earned in previous degree programmes may be recognised by the Degree 
Programme Board. 

University credits may be recognized for not less than half and up to the number of credits indicated in the 
same subject area as laid down in the Degree Programme Teaching Regulations. 

If, after recognition, some credits remain unused, the Board may recognize them on a case-by-case basis, in 
accordance with the teaching and cultural affinities. 

 
Art. 9  Criteria for the recognition of credits earned in degree programmes of different classes, at telematic 
or foreign universities 
 
Credits that were previously earned may be recognised by the Degree Programme Board according to the 
following criteria: 

- analysis of the course contents; 
- assessment of the coherence of the academic sectors and the contents of completed activities with 

the specific learning outcomes of the degree programme and its learning activities, in any case 
pursuing the aim of promoting student mobility. 

 
Recognition is granted up to the maximum number of credits provided for in the Degree Programme Teaching 
Regulation. 
 
If, after recognition, some credits remain unused, the Board may recognize them on a case-by-case basis, in 
accordance with the teaching and cultural affinities. 
 
 
Art. 10  Criteria for the recognition of extra-university competencies and skills 
 
Competencies acquired outside the University may be recognised in the following cases: 
 

- professional knowledge and skills certified under the terms of the applicable laws; 

- competences and skills acquired in post-graduate learning activities run or planned by the University. 

Requests for recognition will be evaluated by the Degree Programme Board according to Academic Bodies’ 
guidelines and the maximum number of recognisable credits defined in the Degree Programme Teaching 
Regulations.   

Recognition is possible if the activity aligns with the specific learning outcomes of the degree programme and 
with its learning activities, and according to the contents and duration of such activity. 

 
Art. 11  Curricular internship 
 
Upon student request, the Degree Programme Board may allow a curricular internship according to 
procedures established by University regulations on internships or international mobility programs for 
traineeship, and in compliance with European Union rules. Such internship should aim to the preparation for 
the final examination/thesis or in any case be linked to a project aiming to develop students’ learning and 
academic skills. 
 
These experiences can last up to 12 months and must be concluded before the degree is awarded. Once they 
are completed, students can earn credits: 

- within those assigned to the final examination; 



  

- as part of curricular internship as indicated in the study plan; 

- as part of elective learning activities; 

- as additional activities whose credits exceed those required to complete the degree. 

 
Art. 12  Final examination 
 
In order to graduate in this second-cycle degree programme, students must pass a final examination, which 
consists of the preparation and public defence of an original dissertation based on a topic that is consistent 
with the degree programme objectives, under the guidance of a supervisor. The thesis must be written in 
English and the presentation must be delivered in English. 
 
The final examination assesses the graduate’s ability to work independently and present the results of an 
original experimental or theoretical research project clearly and confidently. 
 
The thesis preparation may occur within a research group of the Department or under a tutor at a national 
or international university, research institution or private company, in Italy or abroad, potentially as part of 
an internship. 
 
The thesis defence takes place in a public session before a specific Committee appointed by the Degree 
Programme Board. The final evaluation is assessed with a grade out of one hundred and ten. When granting 
the maximum grade (110/110), the Board may also grant honours (lode) by unanimous decision of the 
Committee, based on the criteria published on the University Portal. 
 
 
 

The Faculty-student Joint Committee has agreed on the coherence of assigned credits for each 
activity and the specific learning outcomes with the study plan, in accordance with Article 12, 
paragraph 3 of Ministerial Decree 270/04 and subsequent modifications. 



Regolamento Didattico di Corso di Studio Università degli Studi di Bologna

6765-ASTROPHYSICS AND COSMOLOGY

2025/2026

LM-58 R-SCIENZE DELL'UNIVERSO
Scienze

Anno Accademico

Classe
Corso

Scuola

Primo Anno di Corso

Gruppo: Compulsory Courses

CFUTAFSSDAttività formativa
Note:

VER.FREQ.ORE

Cfu min:  Cfu max:

F/E/L/N

TAF: Ambito:

TIP
6765 000 000 96382 - 0 - ACTIVE GALACTIC NUCLEI AND SUPERMASSIVE BLACK HOLES FIS/05

B

VotoNo48/0/0/0

299 - Astronomico-osservativo sperimentaleAmbito:
6

Obiettivi: At the end of the course, the student will have a good knowledge of the observational and physical properties of Active Galaxies in the various bands of the electromagnetic spectrum and their cosmic
evolution. The first black hole in the Universe will be discussed along with their growth history and active phases. Knowledge of the strict link between the accretion processes of supermassive black holes at the
center of galaxies and star-formation activity, in the so-called co-evolution scenario involving feedback processes, will also be acquired by students.

Obiettivi inglese: At the end of the course, the student will have a good knowledge of the observational and physical properties of Active Galaxies in the various bands of the electromagnetic spectrum and their cosmic
evolution. The first black hole in the Universe will be discussed along with their growth history and active phases. Knowledge of the strict link between the accretion processes of supermassive black holes at the
center of galaxies and star-formation activity, in the so-called co-evolution scenario involving feedback processes, will also be acquired by students.

6765 000 000 96383 - 0 - COMPUTATIONAL ASTROPHYSICS AND STATISTICS FIS/05

B

VotoNo32/0/64/0

301 - Astronomico-teoricoAmbito:
8

Obiettivi: The aim of the course is to provide knowledge and understanding of the fundamental numerical techniques currently employed in astrophysical simulations. The student will learn to solve ordinary and partial
derivatives differential equations describing interesting astronomical problems. At the end of the course the student will be able to design and run simple numerical simulations of gasdynamical and N-body
astronomical problems. A main goal of the class is to accustom the students to research fields which heavily use simulations and to understand merits and caveats of such studies.

Obiettivi inglese: The aim of the course is to provide knowledge and understanding of the fundamental numerical techniques currently employed in astrophysical simulations. The student will learn to solve ordinary
and partial derivatives differential equations describing interesting astronomical problems. At the end of the course the student will be able to design and run simple numerical simulations of gasdynamical and N-body
astronomical problems. A main goal of the class is to accustom the students to research fields which heavily use simulations and to understand merits and caveats of such studies.
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6765 000 000 65353 - 0 - COSMOLOGY FIS/05

B

VotoNo64/0/0/0

301 - Astronomico-teoricoAmbito:
8

Obiettivi: At the end of the course, the student will have the basic knowledge of the modern cosmology, based on the General Relativity and on the Hot Big Bang model. In particular the student knows in critical way:
the assumptions underlying the Big Bang model and their consequences; the thermal history of universe and the corresponding epochs; the model of inflation; the theory of formation of cosmic structures. Finally the
student will be able to present and discuss in critical way the constraints coming from observational data.

Obiettivi inglese: At the end of the course, the student will have the basic knowledge of the modern cosmology, based on the General Relativity and on the Hot Big Bang model. In particular the student knows in
critical way: the assumptions underlying the Big Bang model and their consequences; the thermal history of universe and the corresponding epochs; the model of inflation; the theory of formation of cosmic structures.
Finally the student will be able to present and discuss in critical way the constraints coming from observational data.

6765 000 000 96384 - 0 - GALAXY FORMATION AND EVOLUTION FIS/05

B

VotoNo64/0/0/0

299 - Astronomico-osservativo sperimentaleAmbito:
8

Obiettivi: The aim of the course is to provide the student with the fundamental knowledge of the extragalactic astrophysics, and the formation and evolution of galaxies in the cosmological framework. The student will
learn the physical processes which explain the observed properties of galaxies and their evolution. In particular: (1) the main properties of our Galaxy, star forming galaxies, early-type galaxies and galaxy clusters in
the present-day universe, (2) dark matter halos, (3) the cosmic evolution of baryonic matter, (4) the physics of galaxy formation, (5) the first luminous objects, (6) the observational studies of galaxy formation and
evolution.

Obiettivi inglese: The aim of the course is to provide the student with the fundamental knowledge of the extragalactic astrophysics, and the formation and evolution of galaxies in the cosmological framework. The
student will learn the physical processes which explain the observed properties of galaxies and their evolution. In particular: (1) the main properties of our Galaxy, star forming galaxies, early-type galaxies and galaxy
clusters in the present-day universe, (2) dark matter halos, (3) the cosmic evolution of baryonic matter, (4) the physics of galaxy formation, (5) the first luminous objects, (6) the observational studies of galaxy
formation and evolution.

6765 000 000 96386 - 0 - STELLAR DYNAMICS FIS/05

B

VotoNo48/0/0/0

301 - Astronomico-teoricoAmbito:
6

Obiettivi: Theoretical understanding and working knowledge of the principal gravitational phenomena determining the structure, the dynamics and the evolution of stellar systems, from open and globular clusters, to
galaxies, to galaxy clusters. At the end of the course, the student should be able to use in autonomy some of the advanced mathematical techniques needed in potential theory and in epicyclic theory.

Obiettivi inglese: Theoretical understanding and working knowledge of the principal gravitational phenomena determining the structure, the dynamics and the evolution of stellar systems, from open and globular
clusters, to galaxies, to galaxy clusters. At the end of the course, the student should be able to use in autonomy some of the advanced mathematical techniques needed in potential theory and in epicyclic theory.

6765 000 000 96387 - 0 - STELLAR EVOLUTION FIS/05

B

VotoNo64/0/0/0

301 - Astronomico-teoricoAmbito:
8

Obiettivi: The aim of this course is to give a specialistic overview of the stellar evolution theory for stars with different masses. In particular the student will understand how the main physical properties of stars with
different masses change as a function of the age, how these changes are related to the thermonuclear evolution of each star, which are the final stages of star life, which are the properties of the remnants. The
student will also get a general view of the open issues in the field of the stellar evolution research.

Obiettivi inglese: The aim of this course is to give a specialistic overview of the stellar evolution theory for stars with different masses. In particular the student will understand how the main physical properties of stars
with different masses change as a function of the age, how these changes are related to the thermonuclear evolution of each star, which are the final stages of star life, which are the properties of the remnants. The
student will also get a general view of the open issues in the field of the stellar evolution research.

Gruppo: Elective courses

CFUTAFSSDAttività formativa
Note:

VER.FREQ.ORE

Cfu min: 6 Cfu max: 6

F/E/L/N

TAF: C Ambito: 2019 - Attività formative affini o integrative

TIP
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6765 000 000 96388 - 0 - ADVANCED COSMOLOGY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course is intended to present the current understanding of the main advanced topics in Cosmology. After completing the course, students will acquire a thorough and updated knowledge of modern
cosmological frameworks, with particular focus on dark matter and dark energy models, and on all the main cosmological probes. Furthermore, they will learn the primary statistical methods of modern observational
Cosmology.

Obiettivi inglese: This course is intended to present the current understanding of the main advanced topics in Cosmology. After completing the course, students will acquire a thorough and updated knowledge of
modern cosmological frameworks, with particular focus on dark matter and dark energy models, and on all the main cosmological probes. Furthermore, they will learn the primary statistical methods of modern
observational Cosmology.

6765 000 000 96389 - 0 - ADVANCED STELLAR PHYSICS AND ASTEROSEISMOLOGY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course presents students with the theoretical underpinnings of asteroseismology, i.e. the study of stellar properties based on observations of stellar oscillations. By the end of the module students will be
able to explain the nature of normal oscillation modes, and relate them to the characteristics of the internal structure of stars. Students will also appreciate the wider implications of asteroseismology on high-precision
stellar physics, on studies of stellar populations, and on the characterisation of exoplanetary systems.

Obiettivi inglese: This course presents students with the theoretical underpinnings of asteroseismology, i.e. the study of stellar properties based on observations of stellar oscillations. By the end of the module
students will be able to explain the nature of normal oscillation modes, and relate them to the characteristics of the internal structure of stars. Students will also appreciate the wider implications of asteroseismology on
high-precision stellar physics, on studies of stellar populations, and on the characterisation of exoplanetary systems.

6765 000 000 96390 - 0 - ASTRONOMICAL INSTRUMENTATION FIS/05

C

VotoNo40/0/16/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide a coherent and state-of-the-art account of instruments and techniques in use in astronomy and astrophysics. In a multiband approach, the course deals with structure of
the instrumentation and criteria to evaluate and optimize their performances. It foresees a number of “external” contributions from specialists in specific areas. The course foresees as well visits to, and interactions
with external laboratories. Thus, after getting common foundations, the students will be exposed to the most modern advances, in an area in continuous and fast evolution. On a side, students with specific interest in
instrumentation will reach an effective starting point to be involved in instrumental projects, in scientific institutes or industries. On another side, students more interested in astrophysical results will reach a fair
understanding of the observing processes which are the ground of the following developments. As a further, not minor aim, the course would contribute to reduce the present trend to enlarge the gap between
“instrumentation” and “astrophysics”.

Obiettivi inglese: The aim of the course is to provide a coherent and state-of-the-art account of instruments and techniques in use in astronomy and astrophysics. In a multiband approach, the course deals with
structure of the instrumentation and criteria to evaluate and optimize their performances. It foresees a number of “external” contributions from specialists in specific areas. The course foresees as well visits to, and
interactions with external laboratories. Thus, after getting common foundations, the students will be exposed to the most modern advances, in an area in continuous and fast evolution. On a side, students with specific
interest in instrumentation will reach an effective starting point to be involved in instrumental projects, in scientific institutes or industries. On another side, students more interested in astrophysical results will reach a
fair understanding of the observing processes which are the ground of the following developments. As a further, not minor aim, the course would contribute to reduce the present trend to enlarge the gap between
“instrumentation” and “astrophysics”.

6765 000 000 87966 - 0 - ASTROPARTICLE PHYSICS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of this course students will learn about the physical mechanisms behind the acceleration, propagation and energy evolution of cosmic rays on a variety of astrophysical scales and environments,
and about the observational and experimental methods to detect them. The course will also give an overview of open challenges in our understanding of neutrinos and dark matter candidates, closely connecting
between astrophysics and particle physics.

Obiettivi inglese: At the end of this course students will learn about the physical mechanisms behind the acceleration, propagation and energy evolution of cosmic rays on a variety of astrophysical scales and
environments, and about the observational and experimental methods to detect them. The course will also give an overview of open challenges in our understanding of neutrinos and dark matter candidates, closely
connecting between astrophysics and particle physics.
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6765 000 000 94230 - 0 - ASTROPHYSICAL FLUID DYNAMICS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide the student with the main theoretical tools to study the dynamics of fluids in astrophysical systems such as stars, accretion discs, galaxies and clusters of galaxies. At the
end of the course the student will be familiar with the analytic modelling of hydrodynamic-equilibrium configurations of fluids in gravitational potentials, of gas flows and of hydrodynamic instabilities. In addition the
student will have some knowledge of the role of magnetic fields in the dynamics of astrophysical fluids.

Obiettivi inglese: The aim of the course is to provide the student with the main theoretical tools to study the dynamics of fluids in astrophysical systems such as stars, accretion discs, galaxies and clusters of galaxies.
At the end of the course the student will be familiar with the analytic modelling of hydrodynamic-equilibrium configurations of fluids in gravitational potentials, of gas flows and of hydrodynamic instabilities. In addition
the student will have some knowledge of the role of magnetic fields in the dynamics of astrophysical fluids.

6765 000 000 96391 - 0 - ASTROPHYSICS OF GALAXIES FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The course addresses in depth some fundamental topics of the astrophysics of galaxies, training the students to analyze and critically discuss papers relevant for the current research in the field. Starting
from a dynamical description of the structure of galaxies, the course then examines the comparison between model and observed quantities, in particular acquired with recent observational campaigns; the evidence
for dark matter, extended and in the form of central massive black holes; the properties of the hot interstellar medium; the physical origin of the main galaxy scaling laws.

Obiettivi inglese: The course addresses in depth some fundamental topics of the astrophysics of galaxies, training the students to analyze and critically discuss papers relevant for the current research in the field.
Starting from a dynamical description of the structure of galaxies, the course then examines the comparison between model and observed quantities, in particular acquired with recent observational campaigns; the
evidence for dark matter, extended and in the form of central massive black holes; the properties of the hot interstellar medium; the physical origin of the main galaxy scaling laws.

6765 000 000 B2138 - 0 - EXOPLANETS: FORMATION, POPULATIONS, AND ATMOSPHERES FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide the student with the fundamental knowledge of the properties of planetary bodies, in our own Solar System and around other stars. The students will understand the
current thinking on the origin and diversity of planets and their atmospheres. The techniques to detect planets, derive their properties, as well as the current and future possibilities to study their atmospheres will be
covered. Understanding the atmospheres of other planets in the Solar System and of exoplanets will allow the student to place the Earth and its evolution in a broader cosmic context.

Obiettivi inglese: The aim of the course is to provide the student with the fundamental knowledge of the properties of planetary bodies, in our own Solar System and around other stars. The students will understand
the current thinking on the origin and diversity of planets and their atmospheres. The techniques to detect planets, derive their properties, as well as the current and future possibilities to study their atmospheres will
be covered. Understanding the atmospheres of other planets in the Solar System and of exoplanets will allow the student to place the Earth and its evolution in a broader cosmic context.

6765 000 000 96454 - 0 - GALAXY CLUSTERS FIS/05

C

VotoNo40/0/16/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of this course is to provide a broad-band knowledge of the physical properties of galaxy clusters ecosystem (dark matter, gas, galaxies and non thermal components). At the end of the class the
student will be familiar with the current astrophysical research on the evolution of gas and galaxies in clusters. The student will acquire a deep understanding of several important processes, like AGN feedback,
chemical enrichment, galaxy ram pressure stripping,
relativistic particles physics, and more. The course will provide the necessary astronomical background and will dive deep into several key research topics, always comparing theory and observations. At the end of
the course the student will be able to comprehend research papers on these subjects.

Obiettivi inglese: The aim of this course is to provide a broad-band knowledge of the physical properties of galaxy clusters ecosystem (dark matter, gas, galaxies and non thermal components). At the end of the class
the student will be familiar with the current astrophysical research on the evolution of gas and galaxies in clusters. The student will acquire a deep understanding of several important processes, like AGN feedback,
chemical enrichment, galaxy ram pressure stripping,
relativistic particles physics, and more. The course will provide the necessary astronomical background and will dive deep into several key research topics, always comparing theory and observations. At the end of
the course the student will be able to comprehend research papers on these subjects.

6765 000 000 96392 - 0 - GRAVITATIONAL LENSING FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of the course, the student will acquire the basic knowledge of the theory of gravitational lensing, and will be able to discuss the applications of lensing in different astrophysical branches. In
particular, the student will be able to distinguish between different regimes of lensing (strong, weak, etc) and will learn through examples how to carry out lensing analyses. The basics of the Python programming
language will also be taught to allow the students to better understand the examples and work on small projects.

Obiettivi inglese: At the end of the course, the student will acquire the basic knowledge of the theory of gravitational lensing, and will be able to discuss the applications of lensing in different astrophysical branches. In
particular, the student will be able to distinguish between different regimes of lensing (strong, weak, etc) and will learn through examples how to carry out lensing analyses. The basics of the Python programming
language will also be taught to allow the students to better understand the examples and work on small projects.
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6765 000 000 B1017 - 0 - GRAVITATIONAL WAVE ASTROPHYSICS AND COSMOLOGY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide the student with fundamental knowledge of the physics of gravitational waves and of the importance of gravitational radiation in astrophysics and cosmology. From the
theoretical point of view, the student will be able to derive the relevant equations in the framework of general relativity and to describe quantitatively the process of emission of gravitational waves from simple
astrophysical sources. From the experimental point of view, the student will understand the basics of gravitational wave detection, with specific applications to current and forthcoming observatories. The student will
also get expertise on the methods to extract astrophysical and cosmological information from gravitational wave signals.

Obiettivi inglese: The aim of the course is to provide the student with fundamental knowledge of the physics of gravitational waves and of the importance of gravitational radiation in astrophysics and cosmology. From
the theoretical point of view, the student will be able to derive the relevant equations in the framework of general relativity and to describe quantitatively the process of emission of gravitational waves from simple
astrophysical sources. From the experimental point of view, the student will understand the basics of gravitational wave detection, with specific applications to current and forthcoming observatories. The student will
also get expertise on the methods to extract astrophysical and cosmological information from gravitational wave signals.

6765 000 000 96393 - 0 - HIGH ENERGY ASTROPHYSICS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course focuses on the description of mechanisms and physical processes responsible for the emission observed from populations of Galactic and extra-galactic sources in the high-energy portion of the
electromagnetic spectrum (mostly X-ray and Gamma-ray). All the phenomena will be illustrated using results from state-of-the-art X-ray and Gamma ray observatories.  Students will be able to critically comprehend
and discuss the high-energy emission properties of different classes of cosmic sources (e.g. compact X-ray sources such as X-ray binaries and Active Galactic Nuclei, clusters of galaxies, exploding stars such as
Supernovae and Gamma Ray Burst, the Galactic Center).  Through a multi-wavelength (and multi-messenger) approach, students will be able relate the X-ray properties of the observed sources with their emission at
other wavelengths (and other messengers).  The student is expected also to attain a basic knowledge of the techniques related to the detection of X-ray and Gamma-ray photons and on the properties of past,
present, and future X-ray telescopes.

Obiettivi inglese: This course focuses on the description of mechanisms and physical processes responsible for the emission observed from populations of Galactic and extra-galactic sources in the high-energy
portion of the electromagnetic spectrum (mostly X-ray and Gamma-ray). All the phenomena will be illustrated using results from state-of-the-art X-ray and Gamma ray observatories.  Students will be able to critically
comprehend and discuss the high-energy emission properties of different classes of cosmic sources (e.g. compact X-ray sources such as X-ray binaries and Active Galactic Nuclei, clusters of galaxies, exploding stars
such as Supernovae and Gamma Ray Burst, the Galactic Center).  Through a multi-wavelength (and multi-messenger) approach, students will be able relate the X-ray properties of the observed sources with their
emission at other wavelengths (and other messengers).  The student is expected also to attain a basic knowledge of the techniques related to the detection of X-ray and Gamma-ray photons and on the properties of
past, present, and future X-ray telescopes.

6765 000 000 90569 - 0 - HIGH PERFORMANCE COMPUTING FOR ASTROPHYSICS AND COSMOLOGY FIS/05

C

VotoNo32/0/32/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The students will acquire the basic concepts of algorithm parallelisation and the practical skills to implement a parallel code using different parallelisation strategies. The methods to test the computational
efficiency of a parallel algorithm and to assess its performance in terms of scaling, work load, and memory consumption will be presented. Furthermore, the students will learn the basic techniques for handling,
monitoring, and exploiting the use of shared computational architectures ranging from small computer clusters to large supercomputing facilities. The laboratory part of the course will focus on some selected
applications of these methods to standard astrophysical and cosmological problems

Obiettivi inglese: The students will acquire the basic concepts of algorithm parallelisation and the practical skills to implement a parallel code using different parallelisation strategies. The methods to test the
computational efficiency of a parallel algorithm and to assess its performance in terms of scaling, work load, and memory consumption will be presented. Furthermore, the students will learn the basic techniques for
handling, monitoring, and exploiting the use of shared computational architectures ranging from small computer clusters to large supercomputing facilities. The laboratory part of the course will focus on some selected
applications of these methods to standard astrophysical and cosmological problems

6765 000 000 96394 - 0 - MAGNETIC FIELDS IN ASTROPHYSICS FIS/05

C

VotoNo32/0/32/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: During the course, the student will learn the basics of magnetised plasma in astrophysics. The origin of magnetic fields in the primordial Universe as well as the magnetic field properties of astrophysical
objects will be discussed. The student will also learn the main techniques to derive magnetic field properties in astrophysical objects from observations. During the laboratory, these techniques will be used by the
student using real data.

Obiettivi inglese: During the course, the student will learn the basics of magnetised plasma in astrophysics. The origin of magnetic fields in the primordial Universe as well as the magnetic field properties of
astrophysical objects will be discussed. The student will also learn the main techniques to derive magnetic field properties in astrophysical objects from observations. During the laboratory, these techniques will be
used by the student using real data.
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6765 000 000 B8178 - 0 - MULTIMESSENGER ASTROPHYSICS FIS/02

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course covers the fundamental topics in multimessenger astrophysics, with a focus on sources of gravitational and electromagnetic radiation. Students will learn about the electromagnetic emission of
astrophysical transients expected to arise from a range of gravitational wave sources and gain knowledge about their observational signatures. This course will also cover the formation channels of gravitational wave
sources and their experimental and astronomical detections. Statistical methods to combine multimessenger datasets and their astrophysical and cosmological applications will be also presented

Obiettivi inglese: This course covers the fundamental topics in multimessenger astrophysics, with a focus on sources of gravitational and electromagnetic radiation. Students will learn about the electromagnetic
emission of astrophysical transients expected to arise from a range of gravitational wave sources and gain knowledge about their observational signatures. This course will also cover the formation channels of
gravitational wave sources and their experimental and astronomical detections. Statistical methods to combine multimessenger datasets and their astrophysical and cosmological applications will be also presented

6765 000 000 86840 - 0 - PRACTICAL STATISTICS FOR PHYSICS AND ASTROPHYSICS FIS/05

C

VotoNo32/0/32/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: Nontrivial data analysis problems are frequently encountered in modern astronomy, cosmology and physics. They require an understanding of statistical methods, practical skills with software tools and
sometimes some ingenuity that comes with experience. The student will gain a practical knowledge of statistical methods and software as applied to many example problems. Basic probability theory will be covered
before learning about Bayesian and frequentist inference problems, Monte Carlo techniques, Fisher matrices, parameter estimation, non-parametric tests, hypothesis testing, and supervised and unsupervised
classification and regression problems. The student will become familiar with current software in Python for analysing data and fitting models while getting an understanding of the theory behind them.

Obiettivi inglese: Nontrivial data analysis problems are frequently encountered in modern astronomy, cosmology and physics. They require an understanding of statistical methods, practical skills with software tools
and sometimes some ingenuity that comes with experience. The student will gain a practical knowledge of statistical methods and software as applied to many example problems. Basic probability theory will be
covered before learning about Bayesian and frequentist inference problems, Monte Carlo techniques, Fisher matrices, parameter estimation, non-parametric tests, hypothesis testing, and supervised and
unsupervised classification and regression problems. The student will become familiar with current software in Python for analysing data and fitting models while getting an understanding of the theory behind them.

6765 000 000 96395 - 0 - RADIOASTRONOMY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of the course, the student will gain a deeper knowledge of the concepts regarding the synchrotron radiation and its relation with other processes of the production of radiation in astrophysics.
Various astrophysical bodies will be analysed, ranging from interstellar gas, star formation and end-products, generation of radio jets on various scales, processes at the centre of galaxies and in the intergalactic
medium, relativistic particle acceleration and re-accelerating, etc. The student will have advanced knowledge on both classical as well as new topics in radioastronomy, in the general framework of modern
astrophysical research. The student will be able to understand and present in a critical manner research papers on arguments discussed during the course.

Obiettivi inglese: At the end of the course, the student will gain a deeper knowledge of the concepts regarding the synchrotron radiation and its relation with other processes of the production of radiation in
astrophysics. Various astrophysical bodies will be analysed, ranging from interstellar gas, star formation and end-products, generation of radio jets on various scales, processes at the centre of galaxies and in the
intergalactic medium, relativistic particle acceleration and re-accelerating, etc. The student will have advanced knowledge on both classical as well as new topics in radioastronomy, in the general framework of
modern astrophysical research. The student will be able to understand and present in a critical manner research papers on arguments discussed during the course.

6765 000 000 96397 - 0 - RELATIVITY FIS/02

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: Al termine del corso, lo studente conosce i principali elementi della relatività ristretta e della relatività generale, le principali prove sperimentali a loro sostegno, e l'interpretazione geometrica in termini di
spaziotempo. In particolare, lo studente acquista familiarità con la meccanica relativistica e con l'uso delle equazioni di Einstein per lo studio delle onde gravitazionali, delle soluzioni a simmetria sferica, e delle
proprietà basilari dei buchi neri.

Obiettivi inglese: At the end of the course, the student knows the main elements of special relativity and general relativity, the main experimental tests in their support, and the geometric interpretation in terms of
spacetime. In particular, the student becomes familiar with relativistic mechanics as well as the use of Einstein's equations for studying gravitational
waves, spherically symmetric solutions, and basic properties of black holes.

6765 000 000 96396 - 0 - RESOLVED STELLAR POPULATIONS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The course presents a general overview of the main properties of resolved stellar populations. At the end of the course, the student has deep insight in both observational and theoretical topics concerning
resolved stellar populations. The student is able to critically discuss the main indicators of metallicity, age and distance, has knowledge of the current scenarios for the formation and evolution of exotic populations, as
blue stragglers and millisecond pulsars, and masters general concepts about the internal dynamical evolution of multi-body stellar systems.

Obiettivi inglese: The course presents a general overview of the main properties of resolved stellar populations. At the end of the course, the student has deep insight in both observational and theoretical topics
concerning resolved stellar populations. The student is able to critically discuss the main indicators of metallicity, age and distance, has knowledge of the current scenarios for the formation and evolution of exotic
populations, as blue stragglers and millisecond pulsars, and masters general concepts about the internal dynamical evolution of multi-body stellar systems.
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6765 000 000 77956 - 0 - SPACECRAFT SUBSYSTEMS AND SPACE MISSION DESIGN ING-IND/05

C

VotoNo60/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: In the first part of the course, the student acquires fundamentals on systems engineering of space systems and the key aspects of spacecraft systems design. He/she will also learn the design considerations
which come into play in laying out a space mission and its preliminary design. In the second part of the course, students are taken step-by-step through the complete process of creating and evaluating multiple
methods for reducing space mission cost and schedule and critically evaluate alternative ways of achieving mission objectives at dramatically lower cost and in much less time.

Obiettivi inglese: In the first part of the course, the student acquires fundamentals on systems engineering of space systems and the key aspects of spacecraft systems design. He/she will also learn the design
considerations which come into play in laying out a space mission and its preliminary design. In the second part of the course, students are taken step-by-step through the complete process of creating and evaluating
multiple methods for reducing space mission cost and schedule and critically evaluate alternative ways of achieving mission objectives at dramatically lower cost and in much less time.

6765 000 000 96398 - 0 - THE INTERSTELLAR MEDIUM FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of the course, the student has a detailed knowledge of the observational and physical properties of the interstellar medium (ISM). In particular, the student acquires knowledge of the main
constituents of the ISM (ionized, atomic, and molecular gas; dust; magnetic fields; cosmic rays; EM radiation), the different environments in which these are encountered (the 2- and 3-phase models of the ISM) and
the physical processes that govern them. In addition, the student will acquire some knowledge about the central role played by the ISM in the evolution of galaxies and AGN across the cosmic time.

Obiettivi inglese: At the end of the course, the student has a detailed knowledge of the observational and physical properties of the interstellar medium (ISM). In particular, the student acquires knowledge of the main
constituents of the ISM (ionized, atomic, and molecular gas; dust; magnetic fields; cosmic rays; EM radiation), the different environments in which these are encountered (the 2- and 3-phase models of the ISM) and
the physical processes that govern them. In addition, the student will acquire some knowledge about the central role played by the ISM in the evolution of galaxies and AGN across the cosmic time.

Gruppo: Free-choice Learning Activities

CFUTAFSSDAttività formativa
Note:

VER.FREQ.ORE

Cfu min: 12 Cfu max: 12

F/E/L/N

TAF: D Ambito: 1008 - A scelta dello studente

TIP

Num. Esami: 1 Num. Idoneità: 0
Il Dipartimento garantisce che, ai fini del rispetto del limite massimo di 12 esami/5 idoneità i CFU a scelta saranno acquisibili con 1 esami e 0
idoneità

Qualsiasi attività Soft Skills (9240)

Ambito:
Qualsiasi attività dell'Ateneo (010)

Ambito:

Secondo Anno di Corso

Gruppo: Compulsory Courses

CFUTAFSSDAttività formativa
Note:

VER.FREQ.ORE

Cfu min:  Cfu max:

F/E/L/N

TAF: Ambito:

TIP
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6765 000 000 60750 - 0 - FINAL EXAMINATION

E

No0/0/0/0

1018 - Per la prova finaleAmbito:
20

Obiettivi: Al termine della prova finale, lo studente presenta e discute una tesi scritta individuale con contenuti, di norma originali, di natura sperimentale o teorica, o compilativa su un tema specifico. Attraverso la
presentazione dell'elaborato lo studente dimostra:
- di avere una buona autonomia nel condure una indagine su un problema  scientifico;
- di essere in grado di fare una valutazione critica della qualità delle osservazioni e/o simulazioni utilizzate e/o materiale bibliografico consultato;
- di essere in grado di esporre e discutere una problematica scientifica attraverso elaborati scritti, grafici e supporti multimediali.

Obiettivi inglese: In the final examination, the student presents and discusses their master's thesis project, the content of which — usually original — may be experimental and/or theoretical. Alternatively, it may be a
compilation on a specific topic. Through the presentation of the thesis, the student demonstrates the following:
- the ability to independently investigate a scientific problem;
- the capacity for critical evaluation of the quality of observations, simulations, and/or bibliographic material used;
- the skills to present and discuss with a critical attitude a scientific problem through a written work, incorporating figures, diagrams, and multimedia support.

6765 000 000 96385 - 0 - MULTIWAVELENGTH ASTROPHYSICS LABORATORY FIS/05

B

VotoNo16/0/160/0

300 - Astronomico-tecnologicoAmbito:
8

Obiettivi: At the end of the course students will acquire knowledge about reduction,
analysis and interpretation of data from ground-based and space-based facilities across a wide range of wavelengths, from radio (centimeter and millimeter) to optical/near-IR and X-rays/Gamma-rays. Modern
techniques of astronomical data analysis will be acquired by the student, along with the capability of presenting and discussing professionaly the results of the
analysis of measurements taken during the course.

Obiettivi inglese: At the end of the course students will acquire knowledge about reduction,
analysis and interpretation of data from ground-based and space-based facilities across a wide range of wavelengths, from radio (centimeter and millimeter) to optical/near-IR and X-rays/Gamma-rays. Modern
techniques of astronomical data analysis will be acquired by the student, along with the capability of presenting and discussing professionaly the results of the
analysis of measurements taken during the course.

Gruppo: Elective courses

CFUTAFSSDAttività formativa
Note:

VER.FREQ.ORE

Cfu min: 12 Cfu max: 12

F/E/L/N

TAF: C Ambito: 2019 - Attività formative affini o integrative

TIP
6765 000 000 96388 - 0 - ADVANCED COSMOLOGY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course is intended to present the current understanding of the main advanced topics in Cosmology. After completing the course, students will acquire a thorough and updated knowledge of modern
cosmological frameworks, with particular focus on dark matter and dark energy models, and on all the main cosmological probes. Furthermore, they will learn the primary statistical methods of modern observational
Cosmology.

Obiettivi inglese: This course is intended to present the current understanding of the main advanced topics in Cosmology. After completing the course, students will acquire a thorough and updated knowledge of
modern cosmological frameworks, with particular focus on dark matter and dark energy models, and on all the main cosmological probes. Furthermore, they will learn the primary statistical methods of modern
observational Cosmology.
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6765 000 000 96389 - 0 - ADVANCED STELLAR PHYSICS AND ASTEROSEISMOLOGY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course presents students with the theoretical underpinnings of asteroseismology, i.e. the study of stellar properties based on observations of stellar oscillations. By the end of the module students will be
able to explain the nature of normal oscillation modes, and relate them to the characteristics of the internal structure of stars. Students will also appreciate the wider implications of asteroseismology on high-precision
stellar physics, on studies of stellar populations, and on the characterisation of exoplanetary systems.

Obiettivi inglese: This course presents students with the theoretical underpinnings of asteroseismology, i.e. the study of stellar properties based on observations of stellar oscillations. By the end of the module
students will be able to explain the nature of normal oscillation modes, and relate them to the characteristics of the internal structure of stars. Students will also appreciate the wider implications of asteroseismology on
high-precision stellar physics, on studies of stellar populations, and on the characterisation of exoplanetary systems.

6765 000 000 96390 - 0 - ASTRONOMICAL INSTRUMENTATION FIS/05

C

VotoNo40/0/16/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide a coherent and state-of-the-art account of instruments and techniques in use in astronomy and astrophysics. In a multiband approach, the course deals with structure of
the instrumentation and criteria to evaluate and optimize their performances. It foresees a number of “external” contributions from specialists in specific areas. The course foresees as well visits to, and interactions
with external laboratories. Thus, after getting common foundations, the students will be exposed to the most modern advances, in an area in continuous and fast evolution. On a side, students with specific interest in
instrumentation will reach an effective starting point to be involved in instrumental projects, in scientific institutes or industries. On another side, students more interested in astrophysical results will reach a fair
understanding of the observing processes which are the ground of the following developments. As a further, not minor aim, the course would contribute to reduce the present trend to enlarge the gap between
“instrumentation” and “astrophysics”.

Obiettivi inglese: The aim of the course is to provide a coherent and state-of-the-art account of instruments and techniques in use in astronomy and astrophysics. In a multiband approach, the course deals with
structure of the instrumentation and criteria to evaluate and optimize their performances. It foresees a number of “external” contributions from specialists in specific areas. The course foresees as well visits to, and
interactions with external laboratories. Thus, after getting common foundations, the students will be exposed to the most modern advances, in an area in continuous and fast evolution. On a side, students with specific
interest in instrumentation will reach an effective starting point to be involved in instrumental projects, in scientific institutes or industries. On another side, students more interested in astrophysical results will reach a
fair understanding of the observing processes which are the ground of the following developments. As a further, not minor aim, the course would contribute to reduce the present trend to enlarge the gap between
“instrumentation” and “astrophysics”.

6765 000 000 87966 - 0 - ASTROPARTICLE PHYSICS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of this course students will learn about the physical mechanisms behind the acceleration, propagation and energy evolution of cosmic rays on a variety of astrophysical scales and environments,
and about the observational and experimental methods to detect them. The course will also give an overview of open challenges in our understanding of neutrinos and dark matter candidates, closely connecting
between astrophysics and particle physics.

Obiettivi inglese: At the end of this course students will learn about the physical mechanisms behind the acceleration, propagation and energy evolution of cosmic rays on a variety of astrophysical scales and
environments, and about the observational and experimental methods to detect them. The course will also give an overview of open challenges in our understanding of neutrinos and dark matter candidates, closely
connecting between astrophysics and particle physics.

6765 000 000 94230 - 0 - ASTROPHYSICAL FLUID DYNAMICS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide the student with the main theoretical tools to study the dynamics of fluids in astrophysical systems such as stars, accretion discs, galaxies and clusters of galaxies. At the
end of the course the student will be familiar with the analytic modelling of hydrodynamic-equilibrium configurations of fluids in gravitational potentials, of gas flows and of hydrodynamic instabilities. In addition the
student will have some knowledge of the role of magnetic fields in the dynamics of astrophysical fluids.

Obiettivi inglese: The aim of the course is to provide the student with the main theoretical tools to study the dynamics of fluids in astrophysical systems such as stars, accretion discs, galaxies and clusters of galaxies.
At the end of the course the student will be familiar with the analytic modelling of hydrodynamic-equilibrium configurations of fluids in gravitational potentials, of gas flows and of hydrodynamic instabilities. In addition
the student will have some knowledge of the role of magnetic fields in the dynamics of astrophysical fluids.
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6765 000 000 96391 - 0 - ASTROPHYSICS OF GALAXIES FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The course addresses in depth some fundamental topics of the astrophysics of galaxies, training the students to analyze and critically discuss papers relevant for the current research in the field. Starting
from a dynamical description of the structure of galaxies, the course then examines the comparison between model and observed quantities, in particular acquired with recent observational campaigns; the evidence
for dark matter, extended and in the form of central massive black holes; the properties of the hot interstellar medium; the physical origin of the main galaxy scaling laws.

Obiettivi inglese: The course addresses in depth some fundamental topics of the astrophysics of galaxies, training the students to analyze and critically discuss papers relevant for the current research in the field.
Starting from a dynamical description of the structure of galaxies, the course then examines the comparison between model and observed quantities, in particular acquired with recent observational campaigns; the
evidence for dark matter, extended and in the form of central massive black holes; the properties of the hot interstellar medium; the physical origin of the main galaxy scaling laws.

6765 000 000 B2138 - 0 - EXOPLANETS: FORMATION, POPULATIONS, AND ATMOSPHERES FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide the student with the fundamental knowledge of the properties of planetary bodies, in our own Solar System and around other stars. The students will understand the
current thinking on the origin and diversity of planets and their atmospheres. The techniques to detect planets, derive their properties, as well as the current and future possibilities to study their atmospheres will be
covered. Understanding the atmospheres of other planets in the Solar System and of exoplanets will allow the student to place the Earth and its evolution in a broader cosmic context.

Obiettivi inglese: The aim of the course is to provide the student with the fundamental knowledge of the properties of planetary bodies, in our own Solar System and around other stars. The students will understand
the current thinking on the origin and diversity of planets and their atmospheres. The techniques to detect planets, derive their properties, as well as the current and future possibilities to study their atmospheres will
be covered. Understanding the atmospheres of other planets in the Solar System and of exoplanets will allow the student to place the Earth and its evolution in a broader cosmic context.

6765 000 000 96454 - 0 - GALAXY CLUSTERS FIS/05

C

VotoNo40/0/16/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of this course is to provide a broad-band knowledge of the physical properties of galaxy clusters ecosystem (dark matter, gas, galaxies and non thermal components). At the end of the class the
student will be familiar with the current astrophysical research on the evolution of gas and galaxies in clusters. The student will acquire a deep understanding of several important processes, like AGN feedback,
chemical enrichment, galaxy ram pressure stripping,
relativistic particles physics, and more. The course will provide the necessary astronomical background and will dive deep into several key research topics, always comparing theory and observations. At the end of
the course the student will be able to comprehend research papers on these subjects.

Obiettivi inglese: The aim of this course is to provide a broad-band knowledge of the physical properties of galaxy clusters ecosystem (dark matter, gas, galaxies and non thermal components). At the end of the class
the student will be familiar with the current astrophysical research on the evolution of gas and galaxies in clusters. The student will acquire a deep understanding of several important processes, like AGN feedback,
chemical enrichment, galaxy ram pressure stripping,
relativistic particles physics, and more. The course will provide the necessary astronomical background and will dive deep into several key research topics, always comparing theory and observations. At the end of
the course the student will be able to comprehend research papers on these subjects.

6765 000 000 96392 - 0 - GRAVITATIONAL LENSING FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of the course, the student will acquire the basic knowledge of the theory of gravitational lensing, and will be able to discuss the applications of lensing in different astrophysical branches. In
particular, the student will be able to distinguish between different regimes of lensing (strong, weak, etc) and will learn through examples how to carry out lensing analyses. The basics of the Python programming
language will also be taught to allow the students to better understand the examples and work on small projects.

Obiettivi inglese: At the end of the course, the student will acquire the basic knowledge of the theory of gravitational lensing, and will be able to discuss the applications of lensing in different astrophysical branches. In
particular, the student will be able to distinguish between different regimes of lensing (strong, weak, etc) and will learn through examples how to carry out lensing analyses. The basics of the Python programming
language will also be taught to allow the students to better understand the examples and work on small projects.

6765 000 000 B1017 - 0 - GRAVITATIONAL WAVE ASTROPHYSICS AND COSMOLOGY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The aim of the course is to provide the student with fundamental knowledge of the physics of gravitational waves and of the importance of gravitational radiation in astrophysics and cosmology. From the
theoretical point of view, the student will be able to derive the relevant equations in the framework of general relativity and to describe quantitatively the process of emission of gravitational waves from simple
astrophysical sources. From the experimental point of view, the student will understand the basics of gravitational wave detection, with specific applications to current and forthcoming observatories. The student will
also get expertise on the methods to extract astrophysical and cosmological information from gravitational wave signals.

Obiettivi inglese: The aim of the course is to provide the student with fundamental knowledge of the physics of gravitational waves and of the importance of gravitational radiation in astrophysics and cosmology. From
the theoretical point of view, the student will be able to derive the relevant equations in the framework of general relativity and to describe quantitatively the process of emission of gravitational waves from simple
astrophysical sources. From the experimental point of view, the student will understand the basics of gravitational wave detection, with specific applications to current and forthcoming observatories. The student will
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also get expertise on the methods to extract astrophysical and cosmological information from gravitational wave signals.

6765 000 000 96393 - 0 - HIGH ENERGY ASTROPHYSICS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course focuses on the description of mechanisms and physical processes responsible for the emission observed from populations of Galactic and extra-galactic sources in the high-energy portion of the
electromagnetic spectrum (mostly X-ray and Gamma-ray). All the phenomena will be illustrated using results from state-of-the-art X-ray and Gamma ray observatories.  Students will be able to critically comprehend
and discuss the high-energy emission properties of different classes of cosmic sources (e.g. compact X-ray sources such as X-ray binaries and Active Galactic Nuclei, clusters of galaxies, exploding stars such as
Supernovae and Gamma Ray Burst, the Galactic Center).  Through a multi-wavelength (and multi-messenger) approach, students will be able relate the X-ray properties of the observed sources with their emission at
other wavelengths (and other messengers).  The student is expected also to attain a basic knowledge of the techniques related to the detection of X-ray and Gamma-ray photons and on the properties of past,
present, and future X-ray telescopes.

Obiettivi inglese: This course focuses on the description of mechanisms and physical processes responsible for the emission observed from populations of Galactic and extra-galactic sources in the high-energy
portion of the electromagnetic spectrum (mostly X-ray and Gamma-ray). All the phenomena will be illustrated using results from state-of-the-art X-ray and Gamma ray observatories.  Students will be able to critically
comprehend and discuss the high-energy emission properties of different classes of cosmic sources (e.g. compact X-ray sources such as X-ray binaries and Active Galactic Nuclei, clusters of galaxies, exploding stars
such as Supernovae and Gamma Ray Burst, the Galactic Center).  Through a multi-wavelength (and multi-messenger) approach, students will be able relate the X-ray properties of the observed sources with their
emission at other wavelengths (and other messengers).  The student is expected also to attain a basic knowledge of the techniques related to the detection of X-ray and Gamma-ray photons and on the properties of
past, present, and future X-ray telescopes.

6765 000 000 90569 - 0 - HIGH PERFORMANCE COMPUTING FOR ASTROPHYSICS AND COSMOLOGY FIS/05

C

VotoNo32/0/32/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The students will acquire the basic concepts of algorithm parallelisation and the practical skills to implement a parallel code using different parallelisation strategies. The methods to test the computational
efficiency of a parallel algorithm and to assess its performance in terms of scaling, work load, and memory consumption will be presented. Furthermore, the students will learn the basic techniques for handling,
monitoring, and exploiting the use of shared computational architectures ranging from small computer clusters to large supercomputing facilities. The laboratory part of the course will focus on some selected
applications of these methods to standard astrophysical and cosmological problems

Obiettivi inglese: The students will acquire the basic concepts of algorithm parallelisation and the practical skills to implement a parallel code using different parallelisation strategies. The methods to test the
computational efficiency of a parallel algorithm and to assess its performance in terms of scaling, work load, and memory consumption will be presented. Furthermore, the students will learn the basic techniques for
handling, monitoring, and exploiting the use of shared computational architectures ranging from small computer clusters to large supercomputing facilities. The laboratory part of the course will focus on some selected
applications of these methods to standard astrophysical and cosmological problems

6765 000 000 96394 - 0 - MAGNETIC FIELDS IN ASTROPHYSICS FIS/05

C

VotoNo32/0/32/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: During the course, the student will learn the basics of magnetised plasma in astrophysics. The origin of magnetic fields in the primordial Universe as well as the magnetic field properties of astrophysical
objects will be discussed. The student will also learn the main techniques to derive magnetic field properties in astrophysical objects from observations. During the laboratory, these techniques will be used by the
student using real data.

Obiettivi inglese: During the course, the student will learn the basics of magnetised plasma in astrophysics. The origin of magnetic fields in the primordial Universe as well as the magnetic field properties of
astrophysical objects will be discussed. The student will also learn the main techniques to derive magnetic field properties in astrophysical objects from observations. During the laboratory, these techniques will be
used by the student using real data.

6765 000 000 B8178 - 0 - MULTIMESSENGER ASTROPHYSICS FIS/02

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: This course covers the fundamental topics in multimessenger astrophysics, with a focus on sources of gravitational and electromagnetic radiation. Students will learn about the electromagnetic emission of
astrophysical transients expected to arise from a range of gravitational wave sources and gain knowledge about their observational signatures. This course will also cover the formation channels of gravitational wave
sources and their experimental and astronomical detections. Statistical methods to combine multimessenger datasets and their astrophysical and cosmological applications will be also presented

Obiettivi inglese: This course covers the fundamental topics in multimessenger astrophysics, with a focus on sources of gravitational and electromagnetic radiation. Students will learn about the electromagnetic
emission of astrophysical transients expected to arise from a range of gravitational wave sources and gain knowledge about their observational signatures. This course will also cover the formation channels of
gravitational wave sources and their experimental and astronomical detections. Statistical methods to combine multimessenger datasets and their astrophysical and cosmological applications will be also presented
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6765 000 000 86840 - 0 - PRACTICAL STATISTICS FOR PHYSICS AND ASTROPHYSICS FIS/05

C

VotoNo32/0/32/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: Nontrivial data analysis problems are frequently encountered in modern astronomy, cosmology and physics. They require an understanding of statistical methods, practical skills with software tools and
sometimes some ingenuity that comes with experience. The student will gain a practical knowledge of statistical methods and software as applied to many example problems. Basic probability theory will be covered
before learning about Bayesian and frequentist inference problems, Monte Carlo techniques, Fisher matrices, parameter estimation, non-parametric tests, hypothesis testing, and supervised and unsupervised
classification and regression problems. The student will become familiar with current software in Python for analysing data and fitting models while getting an understanding of the theory behind them.

Obiettivi inglese: Nontrivial data analysis problems are frequently encountered in modern astronomy, cosmology and physics. They require an understanding of statistical methods, practical skills with software tools
and sometimes some ingenuity that comes with experience. The student will gain a practical knowledge of statistical methods and software as applied to many example problems. Basic probability theory will be
covered before learning about Bayesian and frequentist inference problems, Monte Carlo techniques, Fisher matrices, parameter estimation, non-parametric tests, hypothesis testing, and supervised and
unsupervised classification and regression problems. The student will become familiar with current software in Python for analysing data and fitting models while getting an understanding of the theory behind them.

6765 000 000 96395 - 0 - RADIOASTRONOMY FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of the course, the student will gain a deeper knowledge of the concepts regarding the synchrotron radiation and its relation with other processes of the production of radiation in astrophysics.
Various astrophysical bodies will be analysed, ranging from interstellar gas, star formation and end-products, generation of radio jets on various scales, processes at the centre of galaxies and in the intergalactic
medium, relativistic particle acceleration and re-accelerating, etc. The student will have advanced knowledge on both classical as well as new topics in radioastronomy, in the general framework of modern
astrophysical research. The student will be able to understand and present in a critical manner research papers on arguments discussed during the course.

Obiettivi inglese: At the end of the course, the student will gain a deeper knowledge of the concepts regarding the synchrotron radiation and its relation with other processes of the production of radiation in
astrophysics. Various astrophysical bodies will be analysed, ranging from interstellar gas, star formation and end-products, generation of radio jets on various scales, processes at the centre of galaxies and in the
intergalactic medium, relativistic particle acceleration and re-accelerating, etc. The student will have advanced knowledge on both classical as well as new topics in radioastronomy, in the general framework of
modern astrophysical research. The student will be able to understand and present in a critical manner research papers on arguments discussed during the course.

6765 000 000 96397 - 0 - RELATIVITY FIS/02

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: Al termine del corso, lo studente conosce i principali elementi della relatività ristretta e della relatività generale, le principali prove sperimentali a loro sostegno, e l'interpretazione geometrica in termini di
spaziotempo. In particolare, lo studente acquista familiarità con la meccanica relativistica e con l'uso delle equazioni di Einstein per lo studio delle onde gravitazionali, delle soluzioni a simmetria sferica, e delle
proprietà basilari dei buchi neri.

Obiettivi inglese: At the end of the course, the student knows the main elements of special relativity and general relativity, the main experimental tests in their support, and the geometric interpretation in terms of
spacetime. In particular, the student becomes familiar with relativistic mechanics as well as the use of Einstein's equations for studying gravitational
waves, spherically symmetric solutions, and basic properties of black holes.

6765 000 000 96396 - 0 - RESOLVED STELLAR POPULATIONS FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: The course presents a general overview of the main properties of resolved stellar populations. At the end of the course, the student has deep insight in both observational and theoretical topics concerning
resolved stellar populations. The student is able to critically discuss the main indicators of metallicity, age and distance, has knowledge of the current scenarios for the formation and evolution of exotic populations, as
blue stragglers and millisecond pulsars, and masters general concepts about the internal dynamical evolution of multi-body stellar systems.

Obiettivi inglese: The course presents a general overview of the main properties of resolved stellar populations. At the end of the course, the student has deep insight in both observational and theoretical topics
concerning resolved stellar populations. The student is able to critically discuss the main indicators of metallicity, age and distance, has knowledge of the current scenarios for the formation and evolution of exotic
populations, as blue stragglers and millisecond pulsars, and masters general concepts about the internal dynamical evolution of multi-body stellar systems.

6765 000 000 77956 - 0 - SPACECRAFT SUBSYSTEMS AND SPACE MISSION DESIGN ING-IND/05

C

VotoNo60/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: In the first part of the course, the student acquires fundamentals on systems engineering of space systems and the key aspects of spacecraft systems design. He/she will also learn the design considerations
which come into play in laying out a space mission and its preliminary design. In the second part of the course, students are taken step-by-step through the complete process of creating and evaluating multiple
methods for reducing space mission cost and schedule and critically evaluate alternative ways of achieving mission objectives at dramatically lower cost and in much less time.

Obiettivi inglese: In the first part of the course, the student acquires fundamentals on systems engineering of space systems and the key aspects of spacecraft systems design. He/she will also learn the design
considerations which come into play in laying out a space mission and its preliminary design. In the second part of the course, students are taken step-by-step through the complete process of creating and evaluating
multiple methods for reducing space mission cost and schedule and critically evaluate alternative ways of achieving mission objectives at dramatically lower cost and in much less time.
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6765 000 000 96398 - 0 - THE INTERSTELLAR MEDIUM FIS/05

C

VotoNo48/0/0/0

2019 - Attività formative affini o integrativeAmbito:
6

Obiettivi: At the end of the course, the student has a detailed knowledge of the observational and physical properties of the interstellar medium (ISM). In particular, the student acquires knowledge of the main
constituents of the ISM (ionized, atomic, and molecular gas; dust; magnetic fields; cosmic rays; EM radiation), the different environments in which these are encountered (the 2- and 3-phase models of the ISM) and
the physical processes that govern them. In addition, the student will acquire some knowledge about the central role played by the ISM in the evolution of galaxies and AGN across the cosmic time.

Obiettivi inglese: At the end of the course, the student has a detailed knowledge of the observational and physical properties of the interstellar medium (ISM). In particular, the student acquires knowledge of the main
constituents of the ISM (ionized, atomic, and molecular gas; dust; magnetic fields; cosmic rays; EM radiation), the different environments in which these are encountered (the 2- and 3-phase models of the ISM) and
the physical processes that govern them. In addition, the student will acquire some knowledge about the central role played by the ISM in the evolution of galaxies and AGN across the cosmic time.

Gruppo: In preparation for the Final Examination

CFUTAFSSDAttività formativa

Note: The students may choose to carry out practical and research activities within companies/institutions external to Unibo, or within Unibo laboratories. Those students who want to opt for the preparation of the final
examination abroad internship or for the final examination in Italy or abroad, need to contact the Programme Director and to participate in one of the Calls for International Mobility Opportunities.

VER.FREQ.ORE

Cfu min: 15 Cfu max: 15

F/E/L/N

TAF: E Ambito: 1018 - Per la prova finale

TIP
6765 000 000 95789 - 0 - INTERNSHIP ABROAD IN PREPARATION FOR THE FINAL EXAMINATION

E

GiudizioNo0/0/0/0

1018 - Per la prova finaleAmbito:
15

Obiettivi: In preparation for the final examination, the student performs activities in the fields of scientific research or technological advancement, to be carried out at study centres, public and private agencies or
companies, abroad. The student carries out specific work, under the supervision of an external tutor, aimed at refining his/her academic and professional knowledge and skills .

Obiettivi inglese: In preparation for the final examination, the student performs activities in the fields of scientific research or technological advancement, to be carried out at study centres, public and private agencies
or companies, abroad. The student carries out specific work, under the supervision of an external tutor, aimed at refining his/her academic and professional knowledge and skills .

6765 000 000 84630 - 0 - INTERNSHIP IN PREPARATION FOR THE FINAL EXAMINATION

D

GiudizioNo0/0/0/0

1018 - Per la prova finaleAmbito:
15

Obiettivi: In preparation for the final examination, the student performs activities in the fields of scientific research or technological advancement, to be carried out at study centres, public (research agencies, schools,
hospitals, ...) and private agencies or companies.
The student carries out specific work, under the supervision of an external tutor, aimed at refining his/her academic and professional knowledge and skills.

Obiettivi inglese: In preparation for the final examination, the student performs activities in the fields of scientific research or technological advancement, to be carried out at study centres, public (research agencies,
schools, hospitals, ...) and private agencies or companies.
The student carries out specific work, under the supervision of an external tutor, aimed at refining his/her academic and professional knowledge and skills.

6765 000 000 84629 - 0 - PREPARATION ABROAD FOR THE FINAL EXAMINATION

E

GiudizioNo0/0/0/0

1018 - Per la prova finaleAmbito:
15

Obiettivi: The preparation of the final examination is devoted to activities of higher formation, in the field of scientific research or technological advancement, to be carried out in a Department or research Laboratory
abroad.
The student develops experimental, computational and/or theoretical work on a topic which is at the frontier of science, containing an advanced application of the investigation methodologies and yielding a deepening
of knowledge in the sector of specialization.

Obiettivi inglese: The preparation of the final examination is devoted to activities of higher formation, in the field of scientific research or technological advancement, to be carried out in a Department or research
Laboratory abroad.
The student develops experimental, computational and/or theoretical work on a topic which is at the frontier of science, containing an advanced application of the investigation methodologies and yielding a deepening
of knowledge in the sector of specialization.
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6765 000 000 86297 - 0 - PREPARATION FOR THE FINAL EXAMINATION

E

GiudizioNo0/0/0/0

1018 - Per la prova finaleAmbito:
15

Obiettivi: The preparation of the final examination is devoted to activities of higher formation, in the field of scientific research or technological advancement, to be carried out in a research Laboratory of a University in
Italy.
The student develops experimental, computational and/or theoretical work on a topic which is at the frontier of science, containing an advanced application of the investigation methodologies and yielding a deepening
of knowledge in the sector of specialization.

Obiettivi inglese: The preparation of the final examination is devoted to activities of higher formation, in the field of scientific research or technological advancement, to be carried out in a research Laboratory of a
University in Italy.
The student develops experimental, computational and/or theoretical work on a topic which is at the frontier of science, containing an advanced application of the investigation methodologies and yielding a deepening
of knowledge in the sector of specialization.

Gruppo: Professional Skills and Internship

CFUTAFSSDAttività formativa
Note: The students who want to carry out practical and research activities within companies/institutions external to Unibo, opting for an Internship,.need to contact the Programme Director before closing the Studing Plan.

VER.FREQ.ORE

Cfu min: 3 Cfu max: 3

F/E/L/N

TAF: F Ambito: 1147 - Altre conoscenze utili per

TIP
6765 000 000 82287 - 0 -  TIROCINIO

F

GiudizioNo0/0/75/0

1147 - Altre conoscenze utili per l'inserimento nel mondo del lavoroAmbito:
3

Obiettivi: Tramite partecipazione ad un tirocinio presso strutture interne o esterne all'Università, in Italia o all'estero, lo studente completa la propria formazione svolgendo attività pratiche in settori attinenti
all'astrofisica e alla cosmologia, quali la divulgazione e comunicazione scientifica, le tecnologie, l'analisi dei dati, l'informatica, ecc. Nel corso di tali attività, lo studente acquisisce dimestichezza con la lingua italiana e
una crescente padronanza della stessa.

Obiettivi inglese: Participating to an internship in structures within or outside the University, in Italy or abroad, the student completes his/her education by carrying out practical work in fields related to Astrophysics and
Cosmology, like public outreach and scientific communication, technologies, data analysis, informatics, etc.

6765 000 000 B8336 - 0 - COMPETENZE TRASVERSALI AVANZATE PER L'ASTROFISICA

F

GiudizioNo8/0/32/0

1147 - Altre conoscenze utili per l'inserimento nel mondo del lavoroAmbito:
3

Obiettivi: L’attività si focalizza sulla acquisizione di competenze trasversali nell’ambito della presentazione e diffusione di competenze tecniche acquisite nella carriera in altre attività formative, motivo per il quale
aumentare il numero di CFU non è necessario.

Obiettivi inglese: At the end of the activity, the student acquires familiarity with the professional techniques of presentation and critical discussion of scientific problems. The student understands how to organize a
multi-media presentation of a research topic in Astrophysics and Cosmology, how to present and discuss the physical basis of a problem, the state-of-the-art of the research in that sector, the novelty of the results,
their impact on that specific problem and the possible weaknesses.
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CFU: crediti formativi universitari
TAF: tipologia attività formativa (A-di base; B-caratterizzanti; C-affini o integrative; F-ulteriori attività formative; D-a scelta autonoma dello studente; S- stages e tirocini presso
imprese, enti pubblici o privati, ordini professionali; E-per la prova finale)
SSD: settore scientifico disciplinare
F/E/L/N: indica le ore Frontali/Esercitazioni/Laboratori/Ore di esercitazione e/o laboratorio tenute da non docenti
Freq.: segnala l’esistenza di un obbligo di frequenza
Ver.: indica la modalità di verifica del profitto finale
TIP.: indica la tipologia delle forme didattiche. Queste possono essere CON: convenzionali, E-L: in e-learning, MIX: miste, C/E: convenzionali e/o e-learning. Il corso di studio
può definire annualmente una delle modalità.

Legenda:


