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Colloquium (Latin)
Conversation, discourse, interview

Hinc patriae proditiones, hinc rerum publicarum eversiones, 
hinc cum hostibus clandestina colloquia nasci…

Hence homeland betrayals, hence coups d’état, 
hence secret talks with the enemy are born…

M.T. Cicero - Cato Maior de Senectute



The Standard Model:

• High-energy physics is primarily concerned with the Standard Model of particle physics, which describes three 
of the four known fundamental forces (electromagnetic, weak, and strong) and the particles that make up matter

• The Standard Model is a highly successful framework, explaining much of particle behavior and interactions, 
but it does not include gravity and leaves certain mysteries unexplained (e.g., dark matter, neutrino masses, etc.)

Key Concepts in High-Energy Physics

Accelerators:

• High-energy physics experiments often use particle accelerators to accelerate particles (such as protons, 
electrons, or ions) to extremely high speeds, close to the speed of light.

• These accelerated particles are then collided to observe the resulting interactions and produce new particles that 
may not be present under normal conditions.

• Examples of particle accelerators include:
◦ The Large Hadron Collider (LHC) at CERN, the largest and most powerful accelerator in the world, 

which is famous for the discovery of the Higgs boson in 2012.

High-energy physics (HEP), also known as particle physics, is the branch of physics 
that deals with the study of fundamental particles (the basic building blocks of matter) 
and the forces that govern their interactions. These particles are typically studied at 
extremely high energies, where the effects of quantum mechanics and relativistic physics 
become significant.
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F. Maltoni at LFC24

Brief history of collider physics

marked by colliders and particle discoveries

blue: lepton colliders
red: hadron colliders
green: lepton-hadron colliders
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Bruno Touschek, designer and builder of the first collider: AdA

in Glasgow, 1949 

in Roma, 1955

E. Amaldi
Bruno Touschek legacy 1981



Bruno Touschek, the Glasgow years P.I. Dee



Bruno Touschek, the Glasgow years



Bruno Touschek moves to Roma



Birth of collider physics

in fixed-target collisions: 
in ee/pp colliders:
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The Standard Model of particle physics is the theory that describes the fundamental 
particles and forces (except gravity) that make up the universe. It is one of the most 
successful and well-tested scientific theories, providing a comprehensive framework for 
understanding the electromagnetic, weak, and strong nuclear forces. ChatGPT

Higgs potential 

scalar sector:12 fermion masses
2 gauge boson masses
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Interview with
Peter Higgs

Edinburgh, 8 December 2008



Excerpts from the interview with Peter Higgs

… The crucial period, as far as I was concerned, was two weeks in July 1964. At the time, we 
didn't have an email subscription to Physical Review Letters, and it took a month to arrive. 
Gilbert's paper was, I think, published in the journal in the middle of June, and I saw it on July 
the 16th, before anybody else in Edinburgh because I was the member of staff who looked 
after the little departmental library, including the journals, and so ...

.. So I think it was Thursday, July the 16th (1964). I mean, I checked this once because one of 
my jobs as the guardian of the journals was to put a date on the cover as they came in, and 
to put them on the shelf for other people to read. And the cover of that issue of Physical 
Review Letters has been bound into the bound copy which went into the University Library, 
with my dating on it still. So, that's the evidence.

Anyway, when I read this paper by Gilbert, it seemed really to tidy things up completely: 
you couldn't evade the Goldstone theorem…

www.lnf.infn.it/theory/delduca/higgsinterview.pdf

Peter Higgs talks about Nambu, Jona-Lasinio paper, Nambu mechanism, which 
governs the spontaneous symmetry breaking of a global symmetry, and implies 
(Goldstone theorem) the existence of massless spin-zero particles: the Goldstone 
bosons. Klein and Lee casted doubts about Goldstone theorem, but Walter Gilbert 
confirmed that it was correct: Goldstone bosons could not be evaded

https://www.lnf.infn.it/theory/delduca/higgsinterview.pdf


… So, during the weekend, it gradually occurred to me that I knew an exception to this statement of 
Gilbert's. The reason that I knew an exception to it, was that I'd been reading papers by Julian Schwinger, 
published in 1962 in Physical Review, under the title ``Gauge invariance and mass''. What Schwinger had 
done was to examine what had become folklore in the particle physics community: that in quantum 
electrodynamics the photon is massless because gauge invariance prevents any mass generation. 
Schwinger had shown this isn't true, that you could perfectly well have a gauge field theory, like quantum 
electrodynamics, in which the spin-one particle is massive. He wrote down some spectral functions for, I 
think, a commutator of vector potentials in a sort of Maxwell-type theory, and, because he was Schwinger, 
he used the Coulomb gauge. He thought that the way that people, you know, mutilated the Lagrangian and 
used a Lorentz gauge condition wasn't the right way to do it. You should start from Coulomb gauge which 
has no gauge freedom left in it, and if you want to get to a Lorentz gauge, which looks formally 
relativistically invariant, you transform all the things in the theory to this new gauge. And this had been 
spelled out in the very first issue of the Journal of Mathematical Physics by Zumino in 1960, I think. And I 
had read that too.  

The thought which came to me that weekend in July was that if Schwinger can, in Coulomb gauge, 
write down the spectral function for the commutator of two four-vector fields which don't look properly 
Lorentz covariant, then you can do it in other places too. But it's the gauge freedom which is crucial there, 
this is how it can happen. If you don't have the gauge freedom, which in quantum field theory is a kind of 
embarrassment, because you have to fix the gauge before you have well defined quantum operators ... I 
mean: in anything but a gauge theory, you'll end with standard manifestly covariant formalism. But a gauge 
theory doesn't have to look manifestly covariant. As long as the physics which comes out at the end is 
relativistically invariant, it's all right. So, that’s when I wrote the first short paper, which suggests a way out 
of the Goldstone theorem, and the way out is to combine spontaneous symmetry breaking with a gauge 
theory. In other words you have to have a gauge field coupled to the charges associated with the symmetry 
which you want to break spontaneously, and that was the trick…

Higgs mechanism governs spontaneous symmetry breaking of 
a local (gauge) symmetry (making particles to acquire mass)



Present

recent past

and near future



Large Hadron Collider is a proton (ion) accelerator & collider

located at CERN, from 50 to 175 m underground at the 
French-Swiss border, between Geneva and the Jura range

LHC

It’s a ring-shaped tunnel (formed by 8 arcs connected by 8 
small straight legs) 26,6 Km long and 3,8 m wide 



CERN Jura rangeNorth 



Sketch of LHC 

North 



Proton beams
In the tunnel are 2 tubes, each containing a proton beam, 
circulating one clock-wise and the other counter-clock-wise

Each beam is narrower than a hair (about a micron) and is composed 
by 2808 proton bunches, each containing 115 billion protons

L. Rossi
Accelerator Technologies for
HiLumi & Hadron Colliders
Frascati, 1-2 October 2024



• The Large Hadron Collider (LHC) at CERN continues to explore the 
physics at unprecedented energy levels, probing the Higgs field, searching 
for supersymmetry, and investigating phenomena like quark-gluon plasma 
(a state of matter believed to have existed just after the Big Bang)
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LHC production rates 



HL-LHC will increase ten-fold the statistics
it will improve the Higgs couplings
it will put bounds on the Higgs self-coupling



From LHC to HL-LHC 
F. Maltoni at LFC24Higgs boson couplings



Neutrino Masses and Mixings
Dark Matter
Dark Energy
Baryon-Antibaryon Asymmetry 

What is not in the Standard Model

SM must be modified at higher energies

Boson (photon & gluon) masses are protected by gauge symmetry
Fermion (lepton & quark) masses are protected by chiral symmetry

What protects the Higgs boson mass?
Supersymmetry! (if it existed 😞)

No supersymmetry? ☞ fine tuning ☞ “Naturalness” problem

☞ a lot of bemused model builders (a peculiar brand of theorists)

Dark Matter… come l’Araba Fenice, che ci sia ciascun lo dice dove sia nessun lo sa
                                       like the Phoenix, everyone says it exists, but no one knows where it is

G. Marino Adone
W.A. Mozart Cosi fan tutte



After the shutdown of HL-LHC in 2041  
what is next?



2026 update of the European Strategy for Particle Physics

The remit of the European Strategy Group (ESG) specifies that it should take 
into consideration various aspects of the high-energy physics (HEP) landscape, 
including, very importantly, the input of the particle physics community.

Previous Strategies:
2006: about the completion of LHC
2013: support HL-LHC & start looking at beyond LHC
2020: survey if FCC is viable and foster accelerator technology R&D

• It is imperative that the European HEP community should provide explicit feedback on 
both the preferred and alternative options for this next collider at CERN, which will be the 
Laboratory's next flagship project, and an explanation of any specific prioritisation. 

2026: approving the next collider at CERN



ECFA-INFN ECR meeting, 1 October 2024

S. Malvezzi, A. Nisati



Future Circular Collider

It’s a ring-shaped tunnel 91 Km long

FCC is a ee/pp accelerator & collider

In the lepton phase (FCCee), operating in the energy range, 
91 GeV (Z pole) to 350 GeV (top-quark pair production)
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In the hadron phase (FCChh), operating in the energy 
range, 70-95 TeV (depends on magnetic field strength)



L. Rossi
Accelerator Technologies for
HiLumi & Hadron Colliders
Frascati, 1-2 October 2024

Evolution of magnets for hadron collider



Fermi’s lecture at Columbia University, 29 January 1954 

A curiosity



Fermi put accelerators on a log scale,
and predicted that by 1994 we would reach 5000 TeV

was Fermi right or wrong?



5000 TeV proton collider

radius R = 8000 Km
magnets: 2 Tesla 

fixed-target: corresponds to √s ≃ 3 TeV

Fermi “ultimate accelerator”



The research profession must return to its tradition of research for 
the love of discovering new truths, since in all directions we are 
surrounded by the unknown and the vocation of the man of science 
is to push forward the frontiers of our knowledge in all directions, not 
only in those that promise more immediate rewards or applause

It is said that in 1947 Fermi pronounced these words: 

The quoted phrase is attributed to Enrico Fermi and is mentioned in Giulio Maltese's 
biography, Enrico Fermi in America. However, the specific occasion and location where 
Fermi might have expressed these words are not directly clarified in the text. The phrase 
appears to reflect more of a summary of Fermi's thoughts and philosophy rather than a 
documented quotation from a single speech or statement

The phrase fits Fermi’s style, and the end of this talk 

Then what about future colliders?
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