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I. Particle Detectors–Trigger/DAQ



M
odule 1

Particle D
etectors

Lecturer
M

argherita Prim
avera (IN

FN
 Lecce)

 
 

Planned hours
22

Planned 
schedule
Prerequisites

C
harged particles interactions w

ith m
atter

D
escription

G
eneralities on gaseous detectors. Ionization and transport phenom

ena in gases. Am
plification in gases. 

G
aseous detectors: ionization cham

bers, proportional counters, M
ultiW

ire Proportional C
ham

bers, D
rift 

cham
bers, TPC

, G
eiger counters, stream

er tubes, Resistive Plate C
ounters. C

alorim
etry. Electrom

agnetic and 
hadronic calorim

eters. C
alorim

eter calibration and m
onitoring. C

herenkov detectors: D
ISC

, R
IC

H
, D

IR
C

. 
Transition radiation detectors. M

icropattern detectors, dual readout calorim
eters.

M
odule 3

Trigger and D
AQ

 for Particle Physics
Lecturer

M
assim

o Della Pietra (U
niv. Federico II N

APO
LI)

 
 

Planned hours
10

Planned 
schedule
Prerequisites

Experim
ental particle physics background

D
escription

Introduction to trigger and data acquisition system
 for experim

ental physics. Basic elem
ents and definitions: 

trigger latency and trigger rate. C
onnection betw

een trigger e data acquisition: dead tim
e and busy status. 

M
ultilevel trigger system

s, trigger for H
igh Energy Physics at colliders. Integration of Trigger - DAQ

 and related 
system

s Event building, Run C
ontrol, O

nline data quality. Description of m
ost relevant trigger system

 for collider 
H

EP: the trigger system
 of the LH

C
 experim

ents. Trigger system
s for fixed target experim

ents and for test-beam
 

setup. Triggerless DAQ
 system

s for particle and astroparticle physics. The im
pact of the trigger system

 
efficiency on a physical m

easurem
ent. 

M
odule 2

Photodetection
Lecturer

Elisabetta Bissaldi (Politecnico di Bari)
 

 
Planned hours

16
Planned 
schedule

1 lecture per w
eek tw

o hours each

Prerequisites
Experim

ental particle physics background
D

escription
This course aim

s to provide the student w
ith advanced know

ledge of radiation m
easurem

ents and detection 
techniques, from

 classic scintillation detectors to Silicon Photom
ultiplier devices. It requires an elem

entary 
background in radiation m

easurem
ents, radiation m

atter interactions and basic electronics. The program
 

includes Photon-m
atter interactions; O

rganic and Inorganic scintillators; O
ptical coupling; Solid-state 

photodetectors; SiPM
 technologies, properties and Applications.Part of the course w

ill be  devoted  to 
laboratory sessions.



M
odule 4

D
etection m

ethods for nuclear astrophysics and applications
Lecturer

R. Buom
pane (U

niversità della C
am

pania «Luigi Vanvitelli») 
 

 
Planned hours

20
Planned 
schedule
Prerequisites

Basic notion of detectors and nuclear reactions.
D

escripion
The course aim

s to introduce the detection m
ethods used in nuclear astrophysics and in the applied nuclear 

physics.
M

odern techniques developed for nuclear astrophysics and their use in applied physics, as the 
characterization of targets and/or m

aterials, w
ill be presented. 

Low
 energy accelerators. R

ecoils M
ass separators. U

nderground m
easurem

ents. Accelerator M
ass 

Spectrom
etry (AM

S). Tim
e of Flight (ToF). M

icro C
hannel Plate (M

C
P). Position sensitive detectors. Setup and 

detection for the Ion Beam
 Analysis (IBA) characterization of targets/m

aterials. 



II. Signals Form
ation and Treatm

ent in Particle Detectors



M
odule 1 

Signals Form
ation 

Lecturer
M

arcello Abbrescia (uniba)
 

 
Planned hours

10
Planned 
schedule

5 lectures of 2 hours each 

Prerequisites
Basic notions of electrom

agnetism
 and of particle detector physics

D
escription

-
Electrostatics-Principles-Reciprocity-Induced currents-Induced voltages-Ram

o-Shockley theorem
-M

ean 
value theorem

- C
apacitance m

atrix-Equivalent circuits;
-

Signals in: -Ionization cham
bers-Liquid argon calorim

eters-
            Diam

ond detectors-Silicon detectors-G
EM

s (G
as Electron

            M
ultiplier) -M

icrom
egas (M

icrom
esh gas detector) -APDs

            (Avalanche Photo D
iodes)-LG

AD
s (Low

 G
ain Avalanche       D

iodes)- SiPM
s(Silicon Photo 

M
ultipliers) -Strip detectors-Pixel detectors- W

ire C
ham

bers -Liquid Argon TPC
s.

M
odule 2

Signals Treatm
ent

Lecturer
Alberto Aloisio (unina)

 
 

Planned hours
10

Planned 
schedule

 

Prerequisites
 

D
escription

Sistem
i di scherm

atura e di guardia nella lettura di sensori e
 rivelatori

- C
enni sul noise di com

ponenti attivi e passivi

- U
so del sim

ulatore analogico per l'analisi di alcuni casi
 di studio: rum

ore di alcune configurazioni base degli
 am

plificatori operazionali, effetto della capacità
 del rivelatore sul noise gain
 



III. M
ulti-M

essenger and Particle Astrophysics of C
om

pact O
bjects 



M
odule 1

C
om

pact O
bjects

Lecturer
Francesco De Paolis (U

niversità del Salento)
Planned hours

6 
Planned schedule
Prerequisites

Basic Astrophysics
D

escription
x

Last stages of stellar evolution and form
ation of the com

pact objects
x

Phenom
enological properties of neutron stars and pulsars 

Selected recent topics on the physics of the com
pact objects

R
ecom

m
ended 

texts
x

Slides of the lecturer and texts suggested during the lectures

Assessm
ent 

m
ethods

Short essay on one of the topics developed during the lectures

M
odule 2

N
eutrino O

scillations
Lecturer

Daniele M
ontanino (U

niversità del Salento)
Planned hours

6-8
Planned schedule
Prerequisites

Particle physics
D

escription
x

Introduction to the neutrino m
asses, m

ixing and oscillations in vacuum
 and m

atter
x

Phenom
enology of neutrino oscillations from

 terrestrial experim
ents and astrophysical sources, in 

particular solar neutrinos
R

ecom
m

ended 
texts

x
G

iunti, Kim
, “Fundam

entals of neutrino Physics and Astrophysics” (O
xford U

niversity Press, 2007)
x

Slides of the lecturer
Assessm

ent 
m

ethods
Short essay on one of the topics developed during the lectures or w

ritten test



M
odule 4

G
ravitation, R

elativity and Black H
oles

Lecturer
M

ariafelicia De Laurentis (U
niversità di N

apoli)
Planned hours

6-8
Planned schedule
Prerequisites

analytical m
echanics, general relativity

D
escription

R
otating black holes: K

err Spacetim
e and its global properties. K

err black hole in B
oyer-Lindquist 

coordinates. Zero-m
ass lim

it. Kerr-Schild form
 of the Kerr solution. Ergosphere and H

orizon (Infinite redshift 
surface, Surface gravity, Surface geom

etry of horizon and ergo surface) Particle and Light M
otion in 

Equatorial Plane. M
atter accretion and black hole param

eters change. Evolution in the black hole param
eter 

space. G
eodesics in Kerr Spacetim

e: G
eneral C

ase. Light Propagation. B
lack hole shadow

. G
eneric 

properties of the rotating black hole shadow
s (Asym

m
etry, Flattening etc..). Im

age of Black H
oles w

ith the 
Event H

orizon Telescope.
R

ecom
m

ended 
texts

Slides of the lectures

Assessm
ent 

m
ethods

Short essay on one of the topics developed during the lectures or w
ritten test

M
odule 3

Supernova N
eutrinos

Lecturer
Alessandro M

irizzi (U
niversità di Bari)

Planned hours
6

Planned schedule
Prerequisites

Particle physics 
D

escription
x

Supernova (SN
) explosion m

echanism
x

SN
 1987A neutrino observation

x
Future SN

 neutrino observations
x

N
eutrino oscillations in dense SN

 m
edium

 
R

ecom
m

ended 
texts

x
G

. Raffelt, “Stars as Laboratories for Fundam
ental Physics” (U

niversity of C
hicago Press, 1996)

x
Slides of the lectures

Assessm
ent 

m
ethods

Short essay on one of the topics developed during the lectures



M
odule 6

G
ravitational w

aves and G
am

m
a-R

ay Bursts
Lecturer

Tristano Di G
irolam

o (U
niversità di N

apoli)
Planned hours

6-8
Planned schedule
Prerequisites

Basic astrophysics and particle physics
D

escription
G

eneration of G
ravitational W

aves (G
W

s). Binary Black H
oles (BBH

s) as sources of G
W

s. Detection of G
W

s. 
O

bservations of G
W

s from
 BBH

s. G
am

m
a Ray Bursts (G

RBs): observations and theoretical m
odels. G

RB 
progenitors. Black holes as central engines and final products of G

RBs.
R

ecom
m

ended 
texts

Shapiro & Teukolsky, “Black H
oles, W

hite Dw
arfs and N

eutron Stars”

Assessm
ent 

m
ethods

Short essay on one of the topics developed during the lectures

M
odule 5

Physics and Evolution of Superm
assive Black H

oles
Lecturer

Dem
etra De C

icco & M
aurizio Paolillo (U

niversità di N
apoli)

Planned hours
6-8

Planned schedule
Prerequisites

Basic classical physics and gravitation. U
seful but not required: M

odule “G
ravitation, Relativity and Black 

H
oles”, Introductory astrophysics, Physics of G

alaxies

D
escription

The Discovery of Active G
alactic N

uclei; Taxonom
y of AG

N
s; clues to the interpretation: variability, lum

inosity 
and efficiency; steps tow

ard unification: Eddington lum
inosity, Eddington m

ass and accretion rate; accretion 
efficiency. The U

nified M
odel; AG

N
 physical scales; broadband em

ission in AG
N

s; accretion disk spectrum
; 

X-ray corona and other com
ponents. O

bservational evidence of the U
nified M

odel: Q
uasar host galaxies; 

dynam
ical and reverberation m

apping m
ass m

easurem
ents; evidence of hidden B

LR
 in Sy2; relativistic 

distortion in Fe lines; the M
ilky W

ay nuclear B
H

. AG
N

 evolution from
 m

ulti-w
avelength studies of AG

N
 

populations optical, X-ray and infrared; lum
inosity function and num

ber counts; AG
N

 activity and num
ber 

density evolution; resolving the C
osm

ic X-ray Background; Soltan argum
ent: how

 to derive the current Black 
H

ole m
ass density of the U

niverse; The link betw
een Superm

assive B
lack H

oles and galaxy evolution; 
Evidences of AG

N
 feedback in galaxies. 

R
ecom

m
ended 

texts
Lecture slides; “Exploring the X-ray U

niverse”, Sew
ard & C

harles,2010)

Assessm
ent 

m
ethods

Short essay on one of the topics developed during the lectures



IV. Fundam
ental Interactions: Q

C
D and BSM

 



M
odule 1

Perturbative Q
C

D
Lecturer

Francesco Tram
ontano (N

APO
LI)

 
 

Planned hours
12

Planned 
schedule

2 lectures per w
eek tw

o hours each
Prerequisites

Particle physics background
D

escription
The lectures introduce to som

e basic aspects and concepts of perturbative Q
C

D
: running coupling and 

asym
ptotic freedom

, the parton m
odel, infrared divergences and the factorization theorem

, parton densities and 
parton evolution, colour coherence. Applications to e+e-annihilation, deep inelastic lepton-nucleon scattering 
and hadron-hadron collisions are discussed.

M
odule 2

Teoria di R
egge

Lecturer
G

iovanni C
hirilli  (Regensburg) ref. C

laudio C
orianò

Planned hours
10

Planned 
schedule
Prerequisites

Particle physics background
D

escription
Regge Theory; H

igh parton density; sm
all x evolution equations and W

ilson lines form
alism

; Background field 
m

ethod; H
igh-energy O

perator Product Expansion; H
igh-energy factorization for scattering am

plitudes;

M
odule 3

W
eak decays and effective H

am
iltonians in the Standard M

odel and beyond
Lecturer

Fulvia De Fazio (BARI)
 

 
Planned hours

16
Planned 
schedule
Prerequisites

Particle physics background
D

escription
I
 d

e
s
c
r
ib

e
 in

 d
e
ta

il th
e
 e

f
f
e
c
tiv

e
 H

a
m

ilto
n

ia
n

s
 f

o
r
 w

e
a
k

 d
e
c
a
y

s
 o

f
 m

e
s
o

n
s
 c

o
n

s
tr

u
c
te

d
 u

s
in

g
  th

e
 o

p
e
r
a
to

r
 p

r
o

d
u

c
t e

x
p

a
n

s
io

n
 

a
n

d
 th

e
 r

e
n

o
r
m

a
liz

a
tio

n
 g

r
o

u
p

 m
e
th

o
d

s
.

A
p

p
lic

a
tio

n
s
 to

 r
a
r
e
 d

e
c
a
y

s
 in

 th
e
 S

ta
n

d
a
r
d

 M
o

d
e
l a

n
d

 b
e
y

o
n

d
 w

ill b
e
 c

o
n

s
id

e
r
e
d

.



V. Artificial Intelligence and M
achine learning 



M
odule 1

D
ata M

odelling
Lecturer

N
icola Am

oroso (U
niBA)

 
 

Planned hours
10

Planned 
schedule
Prerequisites
D

escription
Introduction: graph theory. D

ifferent graph m
odels. N

odal and edge characterization. Local and global 
properties. C

om
m

unity detection. Learning: Basic definitions, bias, variance and cross-validation. Supervised 
M

odels. Deep Learning. U
nsupervised m

odels: C
lustering.

 

M
odule 2

M
achine Learning: Basis and Applications

Lecturer
G

iorgio De N
unzio & G

iuseppe Palm
a

Planned hours
10

Planned 
schedule
Prerequisites
D

escription
M

L taxonom
y: supervised, reinforcem

ent, unsupervised; Regression: linear regression, G
LM

. C
lassification: 

scores (confusion m
atrix and related m

easures; R
O

C
 curve; calibration; cross entropy, B

rier score), class 
im

balance. Bias-Variance tradeoff: underfitting, overfitting. Perceptrons and Shallow
 Feed-Forw

ard N
eural 

N
etw

orks. Applications of regression and classification: case studies in Physics and M
edicine w

ith synthetic and 
public access data (python). 



M
odule 3

Artificial Intelligence for Social G
ood

Lecturer
Loredana Bellantuono (U

niBA)
 

 
Planned hours

16
Planned 
schedule

8 C
lass lectures during Spring 

Prerequisites
D

escription
Artificial Intelligence for Social G

ood (AI4SG
) is a new

 research field, that tackles im
portant social, environm

ental, 
and public health challenges by using m

ethods of com
plex system

 analysis, such as netw
ork m

odels and 
m

achine learning. U
sing a top-dow

n approach, AI4SG
 aim

s at delivering positive social im
pact in accordance 

w
ith the priorities outlined in the U

nited N
ations’ 17 Sustainable Developm

ent G
oals (SDG

s).
The course has an application-oriented approach and is organized in tutorials focused on the analysis of 
relevant case studies related to the achievem

ent of SDG
s.

Program
m

e:
•

Artificial Intelligence for Social G
ood (AI4SG

): w
hy and how

. A prim
er on the m

ain approaches to AI4SDG
. 

The Python toolbox for big data analysis and visualization. 
•

C
om

plex system
s and netw

ork science. Structure and properties of netw
ork graphs representing com

plex 
system

s. 
•

C
ase study 1 – Tow

ards a m
ore equitable education system

 (SDG
s 4, 10). A com

plex netw
ork m

odel to 
m

easure structural inequalities and territorial bias in the access to quality education. 
•

C
ase study 2 – Social psychiatry (SDG

 3). Investigating the im
pact of societal and environm

ental factors on 
the incidence of psychiatric disorders. 

•
M

achine Learning: predicting continuous variables w
ith regression analysis. 

•
C

ase study 3 – AI for the m
ost vulnerable: interplay betw

een hunger and clim
ate change (SDG

s 1, 2, 3, 13). 
Predicting food insecurity across sub-Saharan Africa w

ith m
ultivariate regression on data concerning prices, 

assets, and clim
ate. 

•
N

atural Language Processing: preprocessing of text data, topic detection and sentim
ent analysis. 

•
C

ase study 4 – The language of sustainability on social m
edia (all SDG

s). Topic m
odelling and sentim

ent 
analysis to unveil inform

ation from
 sustainability speech on Tw

itter. 

R
ecom

m
ended texts:

Sebastian Raschka, Vahid M
irjalili, “Python M

achine Learning” – Packt Publishing Ltd (2017). 
Dm

itry Zinoviev, “C
om

plex N
etw

ork Analysis in Python” – The Pragm
atic Program

m
ers, LLC

 (2018). 

R
ecom

m
ended texts:

Sem
inar on a selected topic or presentation of a project concerning Artificial Intelligence for Social G

ood 
(AI4SG

). 



VI. Q
uantum

 Inform
ation and Q

uantum
 Technologies  



M
odule 1

Physical C
oherence and C

orrelation Functions
Lecturer

Saverio Pascazio (U
niBA)  (N

O
T DELIVERED in 2023)

 
 

Planned hours
16

Planned 
schedule

Eight tw
o-hour lectures

Prerequisites
Background in quantum

 theory, technologies and applications
D

escription
O

ptical Fluctuations and C
oherence. C

lassical and Q
uantum

 theory. The R
adiation field. Experim

ental 
m

ilestones. M
easuring correlation functions. Equilibrium

 equal-tim
e (spatial) correlation functions Equilibrium

 
equal-position (tem

poral) correlation functions. Beyond equilibrium
. Phase transitions and correlation functions.

M
odule 2

Introduction to Q
uantum

 C
om

putation
Lecturer

Luigi M
artina (U

niSalento)
 

 
Planned hours

16
Planned 
schedule

Eight tw
o-hour lectures

Prerequisites
Q

uantum
 M

echanics and Statistical M
echanics

D
escription

Since at least a couple of decades, the Physics of Inform
ation and C

om
putation has been a recognized as an 

autonom
ous discipline. In fact, the latter fields should be linked to the study of the underlying physical processes, 

nam
ely of the quantum

 m
echanical universe. But the intrinsic probabilistic character of the quantum

 
m

easurem
ents and the non-com

m
utative algebra of the observables induce im

portant m
odifications in the 

central results of classical inform
ation theory, including:  quantum

 parallelism
, com

pression of quantum
 

inform
ation, bounds on classical inform

ation encoded in quantum
 system

s, bounds on quantum
 inform

ation sent 
over a noisy quantum

 channel, efficient quantum
 algorithm

s and quantum
 com

plexity. The course w
ill touch the 

above topics.
M

odule 3
Q

uantum
 im

aging
Lecturer

M
ilena D’Angelo (U

niBA) C
osm

o Lupo (PoliBa)
 

 
Planned hours

16
Planned 
schedule

Eight tw
o-hour lectures

Prerequisites
Background in quantum

 theory and optics.
Attendance of either one of the tw

o above m
odules is suggested.

D
escription

From
 classical to quantum

 im
aging. Klyshko advanced w

ave m
odel. G

host im
aging and diffraction, from

 first 
protocols to recent advances (differential G

I, com
putational G

I, com
pressive G

I,..). Single-pixel im
aging. Super-

resolution: N
O

O
N

 states, and Q
uantum

 Fisher inform
ation. Sub-shot-noise im

aging. Im
aging by undetected 

photons. Im
aging through turbulence and scattering m

edia, and im
aging around corners.  C

orrelation plenoptic 
im

aging: from
 principles to applications.



VII. Experim
ental H

igh-Energy Astroparticle Physics



M
odule 1

Experim
ental Techniques in Astroparticle Physics

Lecturer
G

iovanni M
arsella (Palerm

o)
 Planned hours

16
Planned schedule
Prerequisites

Basic particle physics, astrophysics and detectors
D

escription
Description of the principal experim

ental techniques in Astroparticle Physics
C

ontents:
• Introduction to C

osm
ic Ray (C

R) sources 
• Prim

ary C
Rs, acceleration m

echanism
, propagation

• Secondary C
Rs, atm

ospheric show
ers

• Detection techniques in Space, Extensive Air Show
er arrays and

underground detectors
• Presentation of the principal experim

ents and recent results 
R

ecom
m

ended texts 
Assessm

ent m
ethods 

M
odule 2

H
E and VH

E O
bservations from

 Extragalatics Sources
Lecturer

Lorenzo Perrone et al. (Lecce)
 Planned hours

5-10
Planned schedule
Prerequisites

Basic particle physics, astrophysics and detectors 

D
escription

The lectures intend to cover the description of the detection techniques of ultra-high energy cosm
ic rays 

(Pierre Auger O
bservatory, Telescope Array) and the current status of the art (result and perspectives) in the 

field. 

R
ecom

m
ended texts 

Review
 papers and journal papers. 

Assessm
ent m

ethods 
Lessons, final report, hands-on session 



M
odule 3

H
E Transients and the M

ultim
essenger C

ontext

Lecturer
Elisabetta Bissaldi (Politecnico di Bari) 

 Planned hours
16

Planned schedule
Prerequisites

Basic astrophysics, Detectors 

D
escription

- Transient phenom
ena in the gam

m
a-ray sky: G

am
m

a-Ray Bursts (G
RBs), Soft G

am
m

a Repeaters, 
Terrestrial G

am
m

a-Ray Flashes; Solar Flares. Tem
poral and spectral characteristics;

- M
ulti-frequency and M

ulti-m
essenger studies; LIG

O
/Virgo gravitational w

ave (G
W

) events and follow
-up 

observations; The case of G
RB 170817A / G

W
 170817; IceC

ube neutrino events and follow
-up 

observations; The case of TXS 0506+056; O
ther recent discoveries in the field. 

R
ecom

m
ended texts 

1. Longair - “H
igh-energy astrophysics” 

2. De Angelis & Pim
enta - “Introduction to Particle and Astroparticle Physics”

3. Recent Publications 
Assessm

ent m
ethods 

Lessons, final report 



M
odule 4

Experim
ental Techniques in Space Science

Lecturer
Beatrice Panico (U

nina) 

 Planned hours
10

Planned schedule
Prerequisites

Basic of cosm
ic ray physics, Detectors 

D
escription

The course w
ill present the experim

ental techniques applied in the observation of cosm
ic rays from

 space. 
An overview

 on the next generation of space-based instrum
ent for cosm

ic rays m
easurem

ents w
ill be 

provided. The course is designed for students perform
ing doctoral studies in experim

ental astroparticle 
physics. 
Sum

m
ary:  1) O

pen scenarios on the basic physical processes involving low
 energy cosm

ic rays, com
ing 

from
 astrophysical accelerators in high-density regions and from

 D
ark M

atter. 2) M
ethods and observing 

techniques to study cosm
ic rays from

 space  3) C
urrent research in m

ultim
essenger astroparticle physics 

and in Space W
heather. 

4) U
H

EC
R

s from
 space  5) Extracting a spectral energy distribution from

 data provided by  different 
experim

ent 
During the course som

e practical experiences w
ith students are foreseen: from

 data handling to softw
are 

design and developm
ent, statistical analysis. In specific cases students are allow

ed and invited to 
investigate in-depth topics and to discuss during lectures. 

R
ecom

m
ended texts 

To be defined

Assessm
ent m

ethods 
Students w

ill be evaluated based on a final short sem
inar on an article or a m

odern research topic 
selected according to their interest. 



M
odule  5

D
ark M

atter in cosm
ology and astrophysics 

Lecturer
Fabio Iocco (U

nina)

Planned hours
14 in 7 lectures

Planned schedule

Prerequisites
Basic of particle and particle physics

D
escription

1-2) Evidence of a non-electrom
agnetically interacting com

pom
enet in astrophysical system

s. (*Dark *m
atter in 

the C
M

B, G
alaxy clusters, local disk galaxies).

3) Properties of the non EM
-interacting com

ponent (Dark m
atter, DM

) from
 other astrophysical probes (Lym

an-
alpha forest, etc.) 
4) C

andidates of Dark M
atter: non-exotic form

s of m
atter and the search for it. 

5) C
andidates of Dark M

atter: beyond the standard m
odel of particle physics. 

6) Search for specific candidates: the W
IM

P. Direct and indirect searches. 
7) Alternatives to DM

, the problem
s of LC

DM
 paradigm

.

R
ecom

m
ended texts 

to be defined 
Assessm

ent m
ethods 

To be defined 



M
odule 6

Astrophysics w
ith ultra-high-energy neutrinos and N

eutrino Telescopes
Lecturer

P. M
igliozzi (IN

FN
-N

apoli)
Planned hour

8
Planned schedule
Prerequisites

Basic astrophysics and particle physics
D

escription
M

eson production, atm
ospheric neutrinos, the discovery of high-energy neutrinos, Sources of astrophysical 

neutrinos, C
osm

ic neutrino flux estim
ates, N

eutrino detection principle and event topologies, The need for 
km

3 neutrino telescopes, W
ater and ice properties, O

perating neutrino telescopes, Results from
 neutrino 

telescopes
R

ecom
m

ended 
texts

M
. Spurio, “Particle and Astrophysics”

T. Stanev, “H
igh-Energy C

osm
ic Rays”

Assessm
ent 

m
ethods

Short essay on one of the topics developed during the lectures



VIII. Statistical Physics for C
om

plex System
s



M
odule 1

Active M
atter and C

om
plex Fluids 

Lecturer
G

iuseppe G
onnella (U

niBA) – Antonio Lam
ura (C

N
R-Bari) 

 Planned hours
16

Planned 
schedule

Eight tw
o-hour lectures 

Prerequisites
Background in classical physics and statistical m

echanics 
G

oal
The purpose of these lectures is to give an introductory overview

 to recent research developm
ents in the field of 

applications of statistical and theoretical physics to com
plex fluids, soft m

atter and biological system
s. 

D
escription

Statistical physics and biological system
s. Active m

atter: basic particle and continuous m
odels. The phase 

diagram
 of passive and active colloids. Topological transitions. C

om
plex fluids: theoretical m

odeling. Polym
ers: 

static and dynam
ical properties in dilute conditions. Ternary m

ixtures w
ith surfactant: self-aggregation, active 

and double em
ulsions. B

asic rheological behavior of com
plex fluids. The yielding transition. Sim

ulations 
m

ethods in soft and active m
atter. M

olecular dynam
ics, M

ulti-Particle C
ollison M

ethods, Lattice Boltzm
ann 

M
ethods. 



M
odule 3

Stochastic Processes and Analysis of C
orrelations 

Lecturer
Eugenio Lippiello (U

niversity of C
am

pania "Luigi Vanvitelli") 

 Planned hours
16

Planned 
schedule

Eight tw
o-hour lectures 

Prerequisites
Background in classical statistical m

echanics. 

G
oal

The purpose of these lectures is to give a sim
ple m

athem
atical introduction to the description of stochastic 

processes w
ith innovative applications in the field of epidem

iology and earthquake data tim
e- series analysis. 

D
escription

M
arkov processes. M

aster and Fokker Plank equations. Stochastic energetics. Branching processes. W
atson-

G
alton m

odel. Application to genetics. Epidem
ic m

odels. Applications to epidem
iology and earthquake 

occurrence. Analysis of correlations in stochastic signals. Detrended Fluctuation Analysis. Pow
er spectrum

 of a 
signal. 



IX. B
iophysics for H

ealth and Environm
ent



M
odule 1

Biophysical m
echanism

s and therapeutic im
plications of hum

an exposure to ionising radiation
Lecturer

Lorenzo M
anti (U

niversità Federico II N
apoli)

 
 

Planned hours
20

Planned 
schedule

10 lectures of 2 hours each

Prerequisites
Fundam

entals of radiation-m
atter interaction 

D
escription

The aim
 of the course is to provide an overview

 of the unique biological action exerted by ionizing radiation (IR). 
The ensuing effects at cellular and tissue level are governed by the spatio-tem

poral m
ode w

ith w
hich energy 

deposition occurs at the nanom
eter level (i.e., at the scale of the D

N
A) and are influenced  by a cascade of 

com
plex biom

olecular responses.  The course w
ill therefore illustrate the m

ain biophysical principles on w
hich 

m
odern radiotherapy (RT) relies. N

ew
 approaches w

ill be also discussed such as the use of accelerated particle 
beam

s (hadrontherapy) and the exploitation of nuclear fusion reactions w
here physics can give an essential 

contribution to IR-based cancer therapy
M

odule 2
Biophotonics for clinics and environm

ent
Lecturer

M
aria Lepore (U

niversità della C
am

pania «Luigi Vanvitelli») - Ines Delfino (U
niversità della Tuscia) 

 
 

Planned hours
20

Planned 
schedule
Prerequisites

Basic concepts of optical techniques
D

escription
The course w

ill deal w
ith the application of optical techniques to the developm

ent of new
 diagnostic strategies 

and environm
ent m

onitoring tools. Vibrational and fluorescence spectroscopies w
ill be used for investigating 

biofluids, hum
an tissues, radioesposed cells and enzym

es in order to m
onitor biological processes and to 

develop sensor devices.



X. N
uclear Theory and Fundam

ental Interactions



M
odule 1

C
hiral Effective Field Theory in N

uclear and Particle Physics 
Lecturer

Luca G
irlanda (U

niversità del Salento)
 

 
Planned hours

10-12
Planned 
schedule

2 hours/w
eek

Prerequisites
Q

uantum
 Field Theory

D
escription

The lectures w
ill cover aspects of non-perturbative Q

C
D

, w
ith special reference to the approxim

ate chiral 
sym

m
etry and its realizations.

After a brief recollection of the old current algebra techniques and soft pion theorem
s, the m

odern approach 
based on effective Lagrangians w

ill be discussed.
The foundation and scope of C

hiral perturbation theory w
ill be presented in the m

eson sector and extended to 
include a single baryon. Finally, the com

plications pertaining to the few
-nucleon sector w

ill be addressed in the 
context of W

einberg proposal to explain the hierarchy of nuclear interactions. The im
portance of a robust 

quantification of the nuclear
uncertainty, based on the convergence pattern of chiral expansions, for the research in fundam

ental interactions 
w

ill be em
phasized.



M
odule 2

Theory of N
uclear Forces and N

uclear M
atter 

Lecturer
Luigi C

oraggio (U
niC

am
pania)

 
 

Planned hours
20

Planned 
schedule
Prerequisites
D

escription
The goal of this course is to introduce PhD

 students to our present know
ledge of the theory of nuclear forces 

and, as its application, of infinite nuclear m
atter. First, the basic phenom

enological features of the nuclear 
potential are presented, and their connection to the m

ain aspects of strong force. Then, w
e start to follow

 the 
path that from

 the Yukaw
a potential, through m

odels based on the m
eson theory, historically leads to the 

present approach to the derivation of tw
o- and three-body nuclear forces w

hich are rooted in the Q
C

D
 by w

ay 
of the effective field theory. Last section is devoted to study the nuclear environm

ent that is considered the best 
testing ground for m

odels of nuclear forces, that is the infinite nuclear m
atter. To this end, basic know

ledge of 
the derivation of the equation of state of nuclear m

atter in term
s of the Brueckner theory w

ill be provided to the 
students.
This topic m

ay be of interest also for those scholars that are interested in astrophysical system
s such as the 

neutron stars, w
hose structure m

ay be described in term
s of the equation of state infinite nuclear m

atter.


