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Fundamental Interactions:

Theory and Experiment



“Fundamental” Physics

What are the basic, elementary building 
blocks of matter (no inner structure, no 
smaller components)?

What are the forces controlling their 
behaviour at the most basic level? 
(elementary forces)

Can nature be understood in terms of a few basic 
principles, the “theory of everything”?

PROTON
NEUTRON



In Summary



Is the SM the whole story?

Experimental “problems” of the SM:
Gravity
Dark matter
Baryon asymmetry

Experimental hints of physics beyond the SM
Neutrino masses
Quantum number unification

Theoretical puzzles of the SM:
<H> << MPl

Family replication
Small Yukawa couplings, pattern of masses and mixings
Gauge group, anomaly cancellation, charge quantization, quantum 
numbers

Theoretical problems of the SM:
Hierarchy or Naturalness problem
Cosmological constant problem
Strong CP problem





 The nature of gravity. Is Einstein (still) right? What building-block principles and 

symmetries in nature invoked by General Relativity (GR) can be challenged? Are there extra 

*elds involved in the gravitational interaction?

 The nature of neutron stars.  How does nuclear matter behave in the extreme 

conditions of the inner core of neutron stars? Does exotic physics show up in these objects?

  The nature of black holes.  How well classical GR BHs describe observations? Do more 

exotic species of compact stars exist? Signatures of quantum gravity near event horizons? 

 The nature of dark matter. Is dark matter composed of particles, dark objects, or 

modi*ed gravity? Can we detect or constrain dark matter and the early universe using GWs?

Several of the deepest questions in fundamental physics involve gravity:

Gravity & Fundamental Physics 
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DarkSide @ Laboratori Nazionali del Gran Sasso
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Il Large Hadron Collider (LHC): il più potente collisore di protoni

circonferenza = 27km

protoni accelerati ad una velocità pari 
al 99.999999% di quella della luce

due fasci di protoni che viaggiano 
in senso opposto e collidono in 
quattro punti lungo l’anello: 



Dipartimento di Fisica 

-> Ricerca

-> Scientific Report



Istituto Nazionale di Fisica 
Nucleare (INFN)

■ INFN is the Italian research agency 
dedicated to the study of the fundamental 
constituents of matter and their 
interactions.


■ The research activities presented here are 
mainly founded by INFN.  
Research groups include both University 
and INFN staff.


■ INFN divisions are located in the Physics 
Departments  
(web site of Rome division).


■ Availability of master thesis in national/
international laboratories and in 
international collaborations.


■ PhD school on Accelerator Physics
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INFN Scolarship
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https://jobs.dsi.infn.it
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CFU = number of credits

SSD: Settore Scientifico Disciplinare

■ FIS: Physics course


○ FIS/01: experimental physics

○ FIS/02: theoretical physics

○ FIS/03: condensed matter physics

○ FIS/04: nuclear and subnuclear physics

○ FIS/05: astronomy and astrophysics


■ MAT: Mathematics course

Three semesters. 
Seven compulsory courses + 
five optional courses.

Fundamental Interactions 
curriculum, practical guide
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Mandatory courses



The real thing: the SM in one Table...

...and 3 lines

G = SU(3)C x SU(2)L x U(1)Y 

SU(3) SU(2) U(1)

Li 1 2 -1/2

ec
i 1 1 1

Qi 3 2 1/6

uc
i 3* 1 1/3

dc
i 3* 1 -2/3

Y
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µDµ�i �
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µ�F aµ� gauge

Lren
SM = +|DµH|2 � V (H) symmetry breaking

+�ij�i�jH + h.c. flavor

Theory of Fundamental Interactions (A. Urbano)

Particle Physics (S. Rahatlou)




Physics Laboratory I and II
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n Physics Lab. I is propedeutic to Physics Lab. II. Both mandatories.
n Content of the course:

¡ Interaction of radiation with 
matter

¡ Gas, semiconductor, 
scintillation detectors

¡ Spectrometers, calorimeters, 
Cherenkov counters

¡ Signal formation & electronics
¡ Statistics for data analysis

n In Physics Lab. II:
¡ Realization of a small scale 

experiment in groups of few
students.
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Groups A & B
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Group C
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Decision Theory

A

Exp. physics


FIS/01

B

Th. physics


FIS/02 

FIS/05

C

Free 
Choose in this order:

1) pick 1 from A and 
1 from B 

2) pick 1 from C

3) pick 2 from Free
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Some suggestions..
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Some suggestions..
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Some suggestions..
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Some suggestions..
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Some suggestions..



Few final remarks…
■ More information about ongoing researches 

in the Scientific Report of Department of 
Physics (link). 
Pages 97-159 dedicated to particle and 
astroparticle physics. 

■ Practical infos about courses: 
https://corsidilaurea.uniroma1.it/it/corso/
2022/30055/programmazione 

Questions on the FI curriculum:

irene.dipalma@uniroma1.it

m.nardecchia@uniroma1.it
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