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Fundamental questions

 What are the elementary
constituents of matter?

« What are the forces with which
they interact, and which bind
them to form matter as we
observe it?

* How did the universe
originate, how did it evolve to
what we see today?




The quest for the fundamental constituents of matter is closely linked
to the study of the first moments and the evolution of our Universe
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History of the Universe Telescopes
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Electrons and quarks

10°m

Solid Molecule

Structure within
the Atom

Quark

Size <107 1°m

Nucleus
Size = 10-14m

Neutron
and
Proton
Size = 10713

Size =10""m

If the protons and neutrons
then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

in this picture were 10 cm across,

/—\k \ «—_-Gluon

10" m
Atom

<10 m
Quark

10" m
Nucleon

1010 m
Nucleus

So, atoms (hence ordinary matter)
are made up of electrons and two
types of quarks (up and down).



More elementary particles... and antiparticles

Carbon-14 Nitrogen-14

Antineutrino Electron

4+ © 4+ ¢

7 protons
7 neutrons




How particles interact:
fundamental forces

The four fundamental forces

ELECTROMAGNETIC FORCE

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE

WEAK NUCLEAR FORCE

STRONG NUCLEAR FORCE

GRAVITATIONAL FORCE

Governs the interaction between
atoms and the formation of molecules.
It enables chemical reactions and
light to be emitted.

Governs the decay or transformation
of neutrons into protons and the
release of neutrinos and radiation.

It enables the fission reactions

of heavy atoms.

Governs the formation and stability
of nuclei by binding together protons
and neutrons.

It enables the fusion of nuclei

of light atoms.

Governs the formation and
movement of satellites, planets,
stars, galaxies and galactic clusters.
It enables stars to trigger fusion
reactions.




The Standard Model of Particle Physics




Open problems

« The Standard Model is an excellent, well verified, theory
« BUT.....astrophysics and cosmology tell us that ordinary matter (planets, stars,
gas, ...) makes up <5% of the universe!! And the rest??

Dark energy is introduced to explain the
accelerated expansion of the universe that
we see today

Average distance between galaxies

Dark matter explains galaxy
rotation, clusters of galaxies and
the formation of cosmic structures
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« Other problems: too many free parameters!
« Huge difference in mass between

elementary particles

It does not explain why antimatter has

disappeared....

It does not include gravity

It does not include dark matter

It does not include dark energy
« Many alternative theories proposed

« SUSY: Supersymmetry (which adds more particles....)

» Theories with additional dimensions of space-time

Particles

Supersymmetric “shadow” particles




How to answer such questions?

We can observe the messengers We can exploit accelerator machines to
originating by various astrophysical reproduce in the laboratory high energy
sources regimes.

NEW AND KNOWN PARTICLES' ’
IR

ELECTRON
(MATTER)

POSITRON
(ANTIMATTER)
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A synergy between various disciplines!

Nuclear and particle physics, astrophysics, cosmology come into play.
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CMS at CERN/




Osservatorio Astronomico Parco Antola

An 80 cm
robotic
telescope,
usable from
remote

Strbng gravitational lensing

TOIl —-4145ADb 2023-11-11

Moreno Monticelli® (Universita degli Studi di Genova), Massimiliano
Chella (Universita degli Studi di Genova)
Silvano Tosi (Universita degli Studi di Genova)

OARPAF / Telescope: Astelco T-800 (31.0")
Camera: STX-16801SBIG / Filter: R / Exp.: 120.0 s
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EUCLID

An ESA mission to

map the dark
universe

The launch, July 1st 2023
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The LHC accelerator at CERN

Proton collisions at
high energy (13.5
TeV)

Can collide also
heavy ions

4 collision points

27Kkt




Rivelatore

e\” o Rivelatore

Particles are made to interact with materials and the
effects of their interactions are observed
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A worldwide collaboration




And now also Albania!




E
CMS: many detectors

Many particles are very short-lived. They decay into other (known) particles before
leaving any trace. The decay products are observed, and the properties of the parent
particle are reconstructed
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Key:
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
'''' Photon

silicon \g‘\i‘ /) i
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- Electromagnetic /, / '/ / '
g )l““ Calorimeter /) / / 7 //
Hadron / Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS
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Frontier technologies

* The accelerator, the detector, the data collection and analysis exploit
state-of-the-art technologies.
At the frontier of electronics, material science, computing and IT.
« Several R&D works for current and future applications

Running jobs: 246791
Iransfer rate: 13.98 GiB/sec
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11 years of Higgs boson!

CMS 138 fb' (13 TeV)
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000




Examples of activities to which | contributed
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A few immediate applications

Jouch screen

In the offices of this corridor, all the fundamental technologies of the World
Wide Web were developed

Started in 1990 from a proposal made by Tim Berners-Lee in 1989, the effort

was first divided between an office in building 31 of the Computing and

Networking Division (CN) and one in building 2 of the Electronics and
Computing for Physics Division (ECP).

In 1991 the team came together in these offices, then belonging to ECP.
It was composed of two CERN staff members, Tim Berners-Lee (GB) and
Robert Cailliau (BE), aided by a number of Fellows, Technical Students,
 Coopérant and Summer Students.
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So, where are we?

* The discovery of the Higgs boson represents an important

step in particle physics. The Standard Model continues to be
tested with great precision.

* No clear sign of New
Physics beyond the
Standard Model yet....

 Efforts continue in
various directions

* Accelerator
experiments

« Experiments with
cosmic messengers




And In the future ?

« The LHC has recently started taking data again at an
energy never reached before... who knows if there
will be news soon!!

« Many plans for the near- and long-term future

Future
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* And we welcome your new ideas !



