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27 Marzo 2023

                                            Sezione di ROMA
Istituto Nazionale di Fisica Nucleare

Marco Bonvini Introduzione al Modello Standard delle particelle elementari 1

— Roma, 09 / 02 / 2024 —



I

1.
What Is the Universe Made Of?

In Which You Learn You Are Quite Weird and
Special

f you are a human being (we’ll go with that assumption for now), then you
probably can’t help but be a little curious about the world around you. It’s

part of what it means to be human, and it’s part of why you picked up this
book.

It’s not a new feeling. Since the dawn of time, people have wondered
about the answers to some basic and very reasonable questions about the
world around us:

FISICI DELLE PARTICELLE AGLI ALBORI …

It could have been that the
number of kinds of stuff was nearly
infinite. In such a universe, rocks
could have been made out of
elemental rock particles. Air could
have been made out of elemental air
particles. Elephants could have been
made out of elemental elephant
particles (let’s call them
Dumbotrons). In that hypothetical

universe, the table of the elements would have a nearly infinite number of
items.

Or, even weirder, we could have lived in a universe where things are not
made of tiny particles at all. In such a universe, rocks would just be made of
smooth rock-stuff that can be cut into smaller and smaller pieces forever, and
the knife you use to cut them would be infinitely sharp.

Both of those ideas were consistent with the data collected by Professors
Ook and Groog in their famous rock-banging experiments. We mention these
possibilities not because we think this is how the universe works but to
remind you that it could have been how our part of the universe works, and it
might still be true for other kinds of matter in the universe that we have not
yet explored.

That’s why the unanswered mysteries of the universe that you will
discover in this book should make you feel inspired and excited rather than
frustrated or demoralized. They reveal how much we have left to explore and
discover.

In the universe we know and love, the things around us appear to be made
out of tiny particles. After thousands of years of thought and research, we
have a very fine theory of matter.3 From Ook and Groog’s first experiments
to the modern day, we have surpassed the periodic table and peered inside the
atom.
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BIG  QUESTIONS
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CONOSCENZA / PROGRESSO

LAVOISIER : UN ELEMENTO   
E’ UNA SOSTANZA NON  

SCOMPONIBILE NELLE VARIE 
REAZIONI CHIMICHE … 

IL METODO SCIENTIFICO

DATI /  
ESPERIMENTI

TEORIA /  
PREDIZIONI



Organizing what we know (and don’t know) into tables helps us notice if
there are patterns and missing pieces. Imagine for a moment that you were a
scientist in the 1800s (yes, you can imagine wearing silly spectacles), and
you didn’t know yet that atoms are actually made of smaller electrons,
protons, and neutrons. If you organized what you did know into a periodic
table of the elements, you would have noticed some interesting things.

You would have noticed that the elements on one side of the periodic
table are very reactive while the ones on the other side are almost totally inert

What is the universe made of?
Are big rocks made of smaller rocks?
Why can’t we eat rocks?
What is it like to be a bat?1

•   •   •

The first question, “What is the universe made of?” is a pretty big question.
It’s big not just because of the topic (it doesn’t get much bigger than the
universe), but because asking what the universe is made of is relevant to
everyone. It’s like asking what your house and everything in it (including
you) are made out of. You don’t need a deep understanding of mathematics
or physics to understand that this question affects each and every one of us.

Say you were the first person to ever try to answer the question “What is
the universe made of?” A good approach would be to try the simplest, most
naïve idea first. For example, you might say that the universe is made of the
things we can see in it, so you could answer the question by making a list.
Such a list might start like this:

But this approach has major problems. First, your list is going to be very,
very long. It needs to include every rock on every planet in the universe, and
it needs to include your list itself (it’s also part of the universe). If you require

L’enorme varietà   
intorno a noi … viene 
da solo un centinaio di  

elementi chimici !
=



MATERIA << ORDINARIA >>

Matter as we know it is composed of atoms of the elements listed in the
periodic table. Each atom has a nucleus surrounded by a cloud of electrons.
The nucleus contains protons and neutrons, each of which is built from up
quarks and down quarks. So, with up quarks, down quarks, and electrons, we
can build any element from the periodic table. What an achievement! We
boiled down our list of the universe’s ingredients from infinitely long to the
hundred or so elements of the periodic table and then to only three particles.
Everything we have ever seen, touched, smelled, or stubbed our toes on can
be built from three basic building blocks. Congratulations to the collective
work of millions of human brains.

But while we should feel proud of ourselves as a species, this description
is incomplete in two very important ways.

First, there are other particles out there, not just the electron and two
quarks. Only these three particles are needed to make normal matter, but in
the past century, particle physicists have discovered nine more matter
particles and five other particles that transmit forces. Some of these particles
are very strange, such as the ghostly neutrino particles that can travel trillions
of miles through lead without bouncing off of a single particle.4 To neutrinos,



La Struttura della Materia Ordinaria

Oggi sappiamo che la materia ha una
struttura gerarchica, come un gioco
di scatole cinesi.

e
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grooving. It’s the same with the universe: we know it works, but we don’t
know why it works.

Some might argue that such an explanation doesn’t exist, or that if it does
exist we may never be able to know it, much less comprehend it. We’ll leave
that discussion for chapter 16, but the point is that we definitely don’t have
that knowledge today.

Now, assuming you are a curious person and are genuinely interested in
knowing the why of things,22 you might be wondering how to go about
answering this question, and what it has to do with the useless particles we’ve
found.

Well, if we’re going to understand the basic “why” of the universe, the
first thing we need to do is figure out what the universe is like at its deepest,
most fundamental level. This means breaking the universe down until we
can’t break it down anymore. What is the smallest, most basic bit of reality?
If that bit is a particle, then we want to find the particles that make up the
particles that make up the particles that make up the particles, etc., ad
infinitum (or ad nauseam, whichever comes first).

Once you find such elemental particles, you could then examine them and
possibly figure out why everything works the way it does. It would be like
finding the smallest Lego pieces in a Lego universe. If you found those, you
would know what the basic system is for how everything interlocks with
everything else. You would know something deep and true about reality,
including (we hope) dark energy and dark matter.

Right now, we’re not sure if we know the universe down to its smallest
possible size. Or if we do, we’re not sure what to make of the Lego pieces

DALLA MATERIA << ORDINARIA >> …

… ALLA FISICA DELLE PARTICELLE !



L’ENORME VARIETÀ INTORNO A NOI … 
… VIENE SOLO DA 3 PARTICELLE ! 

… UH-UUUH,  MIIITICO !!!



LA TAVOLA PERIODICA  (QUELLA AGGIORNATA) 
Le Particelle Elementari

Particelle del
Modello Standard (1970):

12 Fermioni:
6 Quark;
6 Leptoni;

4 Bosoni di Gauge
(forze);

Bosone di Higgs.
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… BEH, SI’ … PERO’, A DIRE IL VERO … NON PROPRIO …



i)  E’ LA TABELLA << DEFINITIVA >> ?

ii)  PERCHE’ BEN DUE COPIE IN PIU’ ?

… copie pesanti … ed ancora più pesanti?!

SONO QUESTI I MATTONCINI FONDAMENTALI 
PER COSTRUIRE IL NOSTRO UNIVERSO?

… particelle quark con carica frazionaria ?!

we’ve found. But the exciting thing is that we have a map. We have an
incomplete crossword puzzle of the universe, and this crossword puzzle looks
a lot like something we’ve seen before: it looks like a periodic table.

The Periodic Table of Fundamental Particles

After a century of smashing things around, physicists have found that the
twelve fundamental matter particles can be arranged in a table that looks
something like this:

Let’s take a moment to appreciate how significant it is that we’ve gotten
to this point. Remember that cavemen physicists Ook and Groog’s initial
theory of the universe was:23



The Strong Nuclear Force

This is the force that keeps the protons and neutrons stuck together inside
an atom’s core. Without it, all those positively charged protons in the nucleus
would simply repel one another and fly away.

Beh … non ci scordiamo delle  4 FORZE FONDAMENTALI !

Le fantastiche quattro
Le forze fondamentali della natura

di Stefania De Curtis e Andrea Tesi 

Da che cosa dipende la grande differenza 
tra le quattro forze che conosciamo, 
elettromagnetica, debole, forte e 
gravitazionale? Per quanto sorprendente, 
è solo nel contesto della fisica delle particelle 
che tali differenze diventano semplici da 
spiegare. Grazie a tale semplicità, è stato 
possibile organizzare in forma unificata forze 
all’apparenza molto diverse.
Le particelle elementari interagiscono tra loro 
secondo regole decodificate nell’ultimo secolo 
e tali interazioni danno luogo a quelle che 
chiamiamo forze. Alcune particelle dette bosoni 
sono responsabili della generazione di forze. Lo 
scambio di un bosone tra due particelle genera 
infatti una forza, intesa come la tendenza del 
sistema a minimizzare l’energia. Per questo 
motivo i bosoni vengono definiti “mediatori”. 
Se pensiamo alle interazioni come mediate 
dallo scambio di particelle, non ci sorprende 
che le caratteristiche delle forze derivino 
direttamente dalle proprietà dei mediatori. Ad 
esempio, il raggio di interazione (range), una 
delle proprietà delle forze, è principalmente 
legato alla massa del mediatore. Più questo 
è leggero, più il range è grande, in accordo 
con l’interpretazione quantistica che associa 
a ogni particella una lunghezza d’onda 

inversamente proporzionale alla sua massa.
Le uniche forze a lungo raggio sono la forza 
elettromagnetica e quella gravitazionale, 
corrispondenti a mediatori senza massa, 
fotone e gravitone (questo secondo non è 
ancora stato osservato sperimentalmente). 
La forza debole invece, responsabile 
dei fenomeni di radioattività naturale, è 
associata ai bosoni W e Z. Queste particelle 
sono pesanti e dunque la forza debole è 
attiva solo su scale subatomiche (dell’ordine 
di 10-16 cm). Le interazioni sono caratterizzate 
da un’altra quantità, detta “accoppiamento”, 
che determina l’intensità dell’interazione 
stessa e, in generale, dipende dall’energia 
del processo in questione. Questo nuovo 
ingrediente spiega l’apparente paradosso 
della forza forte, responsabile della stabilità 
dei nuclei. Sappiamo che essa è mediata 
da particelle senza massa, i gluoni, che si 
accoppiano ai quark, cioè ai costituenti di 
protoni e neutroni. Tuttavia, essa non ha 
effetti a lungo raggio perché l’accoppiamento 
aumenta con la distanza, come se i quark 
fossero legati da una molla. Non vediamo 
quark e gluoni liberi su distanze più grandi 
di 10-14 cm, bensì protoni e neutroni, 
entrambi costituiti da tre quark confinati.

a.
Le quattro forze fondamentali.
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We know of five force-carrying particles.

Combined with our earlier twelve matter particles, this is the full list of
particles we have discovered, but we don’t know if it’s the complete list of
particles. There is no theoretical limit on the number of particles that could
exist. There could be only seventeen particles, or there could be 100, 1,000,
or 10,000,000. We know there aren’t more generations of quarks and leptons,
but there could certainly be other kinds of particles. How many are there? We
have no idea.

We know of five force-carrying particles.

Combined with our earlier twelve matter particles, this is the full list of
particles we have discovered, but we don’t know if it’s the complete list of
particles. There is no theoretical limit on the number of particles that could
exist. There could be only seventeen particles, or there could be 100, 1,000,
or 10,000,000. We know there aren’t more generations of quarks and leptons,
but there could certainly be other kinds of particles. How many are there? We
have no idea.

These examples show you what happens when there is energy stored in
the bonds between particles: it makes the combined object more massive than
the sum of its parts.

To see how strange that is for your intuition, imagine that you took three
beans and measured each of their masses. What’s the mass of the three
beans? It’s the sum of the three masses. Easy so far. Now imagine that you
put the three beans into a little bag that holds the beans together really tightly
with a lot of energy. You would find that all of a sudden the bag would feel
much more massive than just the mass of the beans inside of it. It would
weigh more, and it would be a lot harder to move from one point to another.
What’s happening is that most of the mass of the bag doesn’t come from
adding up the masses of the beans inside but from the energy needed to hold
the beans together.



1. Before it was reused as the name of a particle, “Higgs boson” was
famous as:
a. A beloved children’s television clown
b. The code name of the CIA’s most dangerous spy
c. Luke Skywalker’s childhood friend in Star Wars
d. Your friend’s Dungeons & Dragons character

2. True or false: if consumed directly, the Higgs boson is more
addictive than Flamin’ Hot Cheetos.

3. True or false: the Higgs boson is a particle predicted by two
theorists named Higgs and Boson.

Check your answers in the footnotes to see how much you know.36

In all seriousness, finding the Higgs boson was a triumph of science. It
was a demonstration that looking for patterns is a good guide to
understanding the universe.

The idea that the Higgs boson might exist came out of studying the
patterns of the particles that transmit forces—the photon, the W boson, and
the Z boson—and asking questions about their mass. Physicists asked: Why
is one of them massless (the photon) and the others (W and Z) very massive?
It didn’t make sense in this particular case for this strange label that we call
mass to be zero for one force particle and yet be nonzero for the others.

Peter Higgs and several other particle physicists stared at this for a while
until they found the solution: just make stuff up. Literally. They posited that

it mean? Who will help us in our hour of need? The answer is: the Higgs
boson.

The Higgs Boson

In 2012 particle physicists announced the discovery of the Higgs boson to
great international fanfare. Almost nobody understood what the Higgs boson
was, but lots of people got very excited. The New York Times wrote that it
“represents the very best of what the process of science can offer to modern
civilization.” That’s right, the Higgs boson is apparently better than
computers, flushing toilets, and reality TV.35

So what is the Higgs boson? Here’s a quiz to test your knowledge. Take it
now and then again after you read this chapter. We hope that at the very least
your score will not decrease.

It turns out that gravity is weird in other, more profound ways, too. We
have a way of understanding all the matter particles and three of the four
fundamental forces in a mathematical framework called quantum mechanics.
In quantum mechanics, everything is described as a particle, even these three
forces. When an electron pushes on another electron, it doesn’t use the Force
or some form of invisible telekinesis to cause the other electron to move.
Physicists think of that interaction as one electron tossing another particle at
the other electron to transfer some of its momentum. In the case of electrons,
these force-carrying particles are called photons. In the case of the weak
force, particles exchange W and Z bosons. Particles that feel the strong force
exchange gluons.45

This quantum mechanical framework, the Standard Model of particle
physics from chapter 4, has been incredibly successful at describing most of

IL BOSONE DI HIGGS COMPLETA IL MODELLO STANDARD !



M 
I 
L 
E 
V 
A

 M 
A 
R 
I 
C

ALLA BASE DEL MODELLO STANDARD, LE SIMMETRIE

SIMMETRIA 
CILINDRICA

INVARIANZA 
SOTTO 

ROTAZIONI 
INTORNO  
ALL’ASSE 

DEL CILINDRO

SIMMETRIA 
SFERICA

INVARIANZA  
SOTTO ROTAZIONI 

INTORNO A UN  
QUALUNQUE ASSE



M 
I 
L 
E 
V 
A

 M 
A 
R 
I 
C

ALLA BASE DEL MODELLO STANDARD, LE SIMMETRIE
USBTGPSNB[JPOF�
HMPCBMF

USBTGPSNB[JPOF�
MPDBMF�	EJ�HBVHF




Other than a general trend that the higher generations are more massive,
we haven’t been able to figure out any pattern to these values. It might have
something to do with the Higgs boson (see chapter 5), but so far there are no
clear answers. And take a look at the super-massive top quark. It weighs as
much as 175 protons, which is the same as the nucleus of a gold atom.26 The
range of masses spans thirteen orders of magnitude. Why? We have no idea.
We are both clueless and surrounded by clues.

What’s Up with Those 1/3 Electric Charges?

Quarks are unlike leptons in that they feel the strong nuclear force and they
have weird fractional electric charges (+2/3 and −1/3). If you mix the up and
down quarks in just the right way, you can make protons (two ups and a
down quark, with charge = 2/3 + 2/3 − 1/3 = +1) and neutrons (one up and
two down quarks, with charge = 2/3 − 1/3 − 1/3 = 0). That’s extremely
important (and lucky) because the charge of the electron just happens to be
−1. If the quarks had any more (or less) charge, then the charge of protons
wouldn’t precisely balance the negative charge of the electron and you
couldn’t form stable neutral atoms. Without those perfect −1/3 and +2/3
charges, we wouldn’t be here. There would be no chemistry, no biology, and
no life.

This is actually fascinating (or
creepy, depending on your level of
paranoia) because, according to our
current theory, particles can have any
charges whatsoever; the theory works
just as well with any charge value,
and the fact that they balance

perfectly is, as far as we know, a huge and lucky coincidence.
Sometimes in science coincidences do happen. The moon and the Sun are

vastly different in size, but by cosmic coincidence (this is one of the only
times you can scientifically write “cosmic coincidence”), they appear to be
nearly the same size in our sky, which allows for dramatic solar eclipses. For
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Uno dei più importanti risultati della fisica moderna è la 
descrizione delle forze elettromagnetiche e deboli con un’unica 
teoria. Un successo per niente scontato, data la differenza che 
c’è tra un raggio d’azione di 10-16 cm e uno infinito! 
Com’è possibile dunque che tali fenomeni siano facce della 
stessa medaglia? Occorre essere pragmatici. L’approccio 
vincente consiste nel costruire una teoria che metta sullo stesso 
piano le interazioni elettromagnetica e debole e aggiungere 
poi un meccanismo che permetta una naturale separazione 
di scale. Questa teoria è descritta dal modello standard delle 
particelle elementari, formulato alla fine degli anni ’60 da 
Sheldon Lee Glashow, Steven Weinberg e Abdus Salam. 
Il meccanismo per realizzare tale separazione di scale fu 
ipotizzato da Peter Higgs negli stessi anni e si basa sulla 

presenza di un campo (che prende il suo nome) che permea 
lo spazio, con cui i mediatori W e Z interagiscono grazie ai 
loro accoppiamenti e acquistano massa. Se il campo di Higgs 
avesse un valore nullo, tutte le particelle sarebbero senza 
massa. In presenza di un campo non nullo, invece, i bosoni W 
e Z acquistano massa, mentre il fotone rimane senza massa, 
essendo il campo di Higgs elettricamente neutro e quindi 
non accoppiato a esso. Da qui deriva il range finito delle 
interazioni deboli. Per verificare che siamo in effetti immersi 
nel campo di Higgs è stato necessario far collidere molti protoni 
all’acceleratore Lhc di Ginevra fino a quando, nel 2012, non è 
stato possibile osservare la particella di Higgs.
A distanze più piccole del range delle interazioni deboli, le 
forze elettromagnetica e debole si comportano pressoché allo 
stesso modo, ed è possibile trattare i bosoni W e Z come privi 
di massa raggiungendo quindi una profonda simmetria con 
i fotoni. A basse energie, invece, non è possibile trascurare 
le masse dei mediatori e dunque, le scale della forza debole 
ed elettromagnetica sono molto diverse. Con la scoperta del 
bosone di Higgs abbiamo finalmente celebrato il successo 
dell’unificazione elettro-debole.
Ma come si è originato tale campo che permea l’universo? 
Stiamo cercando una risposta studiando il campo di Higgs 
sia agli acceleratori di particelle che in cosmologia. Sembra 
infatti plausibile che negli istanti iniziali dell’universo, data 
la grande energia in gioco, si siano verificate condizioni in 
grado di modificare il valore attuale del campo di Higgs, cioè 
che a temperature dell’ordine di 1015 kelvin l’energia termica 
dell’universo primordiale sia stata in grado di annullare il 
valore di tale campo per mezzo di una transizione di fase 
cosmologica. L’unificazione elettro-debole forse non ha ancora 
finito di meravigliarci!
Capire quale sia stata la natura della transizione di fase elettro-
debole è di cruciale importanza. Infatti, se la transizione fosse 
stata del primo ordine (un esempio di cui abbiamo esperienza 
quotidiana è la transizione tra liquido e vapore) la coesistenza di 
fasi con diverso valore del campo di Higgs potrebbe aver lasciato 
tracce cosmologiche. In tal caso l’energia rilasciata durante 
il passaggio di stato sarebbe stata estremamente grande e 
le regioni di spazio “riempite” di campo di Higgs si sarebbero 
espanse a velocità relativistiche. Questi sono tutti ingredienti 
validi per la generazione di onde gravitazionali primordiali, e 
ciò che rende il fenomeno ancora più interessante è che tali 
onde gravitazionali, se scoperte, segnalerebbero la presenza 
di fisica oltre il modello standard che, infatti, non prevede una 
transizione di questo tipo. Esperimenti futuri di misura di onde 
gravitazionali, come l’interferometro Lisa, hanno come obiettivo 
scientifico anche la verifica di questa ipotesi.
Ci sono inoltre ulteriori motivazioni teoriche che privilegiano 
questo scenario, dettate dalla possibilità di risolvere il mistero 
dell’asimmetria materia-antimateria nell’universo (vd. p. 14, ndr). 
Possiamo spingerci oltre l’unificazione elettro-debole? Abbiamo 
già detto che ad alte energie, cioè a piccole distanze, tutte le 
particelle del modello standard possono essere considerate 
prive di massa. In questo limite le forze diventano dunque 
tutte a lungo raggio, inclusa la forza forte, con il caveat che la 
dipendenza dall’energia dei tre accoppiamenti fondamentali 
(tralasciando la gravità) in generale è diverso.

b.
Mappa dell’unificazione
delle forze.

Le fantastiche quattro
Le forze fondamentali della natura

di Stefania De Curtis e Andrea Tesi 

Da che cosa dipende la grande differenza 
tra le quattro forze che conosciamo, 
elettromagnetica, debole, forte e 
gravitazionale? Per quanto sorprendente, 
è solo nel contesto della fisica delle particelle 
che tali differenze diventano semplici da 
spiegare. Grazie a tale semplicità, è stato 
possibile organizzare in forma unificata forze 
all’apparenza molto diverse.
Le particelle elementari interagiscono tra loro 
secondo regole decodificate nell’ultimo secolo 
e tali interazioni danno luogo a quelle che 
chiamiamo forze. Alcune particelle dette bosoni 
sono responsabili della generazione di forze. Lo 
scambio di un bosone tra due particelle genera 
infatti una forza, intesa come la tendenza del 
sistema a minimizzare l’energia. Per questo 
motivo i bosoni vengono definiti “mediatori”. 
Se pensiamo alle interazioni come mediate 
dallo scambio di particelle, non ci sorprende 
che le caratteristiche delle forze derivino 
direttamente dalle proprietà dei mediatori. Ad 
esempio, il raggio di interazione (range), una 
delle proprietà delle forze, è principalmente 
legato alla massa del mediatore. Più questo 
è leggero, più il range è grande, in accordo 
con l’interpretazione quantistica che associa 
a ogni particella una lunghezza d’onda 

inversamente proporzionale alla sua massa.
Le uniche forze a lungo raggio sono la forza 
elettromagnetica e quella gravitazionale, 
corrispondenti a mediatori senza massa, 
fotone e gravitone (questo secondo non è 
ancora stato osservato sperimentalmente). 
La forza debole invece, responsabile 
dei fenomeni di radioattività naturale, è 
associata ai bosoni W e Z. Queste particelle 
sono pesanti e dunque la forza debole è 
attiva solo su scale subatomiche (dell’ordine 
di 10-16 cm). Le interazioni sono caratterizzate 
da un’altra quantità, detta “accoppiamento”, 
che determina l’intensità dell’interazione 
stessa e, in generale, dipende dall’energia 
del processo in questione. Questo nuovo 
ingrediente spiega l’apparente paradosso 
della forza forte, responsabile della stabilità 
dei nuclei. Sappiamo che essa è mediata 
da particelle senza massa, i gluoni, che si 
accoppiano ai quark, cioè ai costituenti di 
protoni e neutroni. Tuttavia, essa non ha 
effetti a lungo raggio perché l’accoppiamento 
aumenta con la distanza, come se i quark 
fossero legati da una molla. Non vediamo 
quark e gluoni liberi su distanze più grandi 
di 10-14 cm, bensì protoni e neutroni, 
entrambi costituiti da tre quark confinati.

a.
Le quattro forze fondamentali.
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Perhaps some future scientist will look at our list and roll her eyes at our
ignorance as she writes down a simpler theory in which the values of these
masses are not arbitrary parameters but rather the result of some deeper, more
beautiful description of nature. We still have no idea.

Gravitational Mass

This brings us to the final piece of the puzzle.
When we thought earlier about how to measure

the mass of something, you might have had a
different idea than our precision Nerf-gun approach:
just use a scale! A scale measures the weight of an
object, which means the gravitational pull of the
Earth on it. That’s very closely related to mass,

because the more mass something has, the stronger the Earth pulls on it. The
force of the Earth on an elephant is greater than the force of the Earth on a
tissue.

In the case of a particle, you can also think about gravitational mass as a
gravitational charge. When two particles have electric charges, they feel
electrical forces on each other, and the electrical force is proportional to the
charges. In the same way, when two particles have mass, they feel a
gravitational attraction proportional to their masses.
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lead is transparent. Other particles are very similar to the three particles that
make up matter but are much, much heavier.

Why do we have these extra particles? What are they for? Who invited
them to the party? How many other kinds of particles are there? We don’t
know. More than that: we have no idea. Some of these strange particles and
their intriguing patterns will be discussed in detail in chapter 4.

But this description is incomplete in another very important way. While
we need only three particles to build stars, planets, comets, and pickles, it
turns out that these things make up only a tiny fraction of the universe. The
kind of matter that we consider normal—because it’s the only kind we know
—is actually fairly unusual. Of all of the stuff (matter and energy) in the
universe, this kind of matter accounts for only about 5 percent of the total.

What is the other 95 percent of the universe made of? We don’t know.
If we drew a pie chart of the universe, it would look something like this:PROBABILMENTE SI`!!!

IL MODELLO STANDARD: SOLO LA PUNTA DI UN ICEBERG ?



COSA E’ LA MATERIA OSCURA?

#MANTRA-DI-OGGI: CERCARE OVUNQUE !

Un mistero ancora tutto da scoprire …
How Dark Matter Interacts

It’s important to note that this list of forces is only descriptive. Sometimes
physics is like botany in that way. We don’t understand why any of these
forces exists. This is just a list of the things we’ve observed. We don’t even
know if this list is complete. But so far we can explain every experiment done
in particle physics using these four forces.

So why is dark matter so dark? Well, dark matter has mass, so it feels
gravity. But that’s about all we know for certain about its interactions. We
think that it doesn’t have electromagnetic interactions. As far as we know, it
doesn’t reflect light or give off light, which is why it’s hard for us to see it
directly. Dark matter also doesn’t seem to have weak or strong nuclear
interactions.

So, barring any new undiscovered kind of interaction, it appears that dark
matter cannot interact with us, or our telescopes or detectors, using any of the
normal mechanisms. That makes it very hard to study.

Of the four fundamental ways that we know things interact, the only one
that we know for sure applies to dark matter is gravity. This is where the
“matter” in dark matter comes from. Dark matter has stuff to it. It has mass,
and if it has mass, it feels gravity.

How Can We Study Dark Matter?



Lo sforzo di capire l'universo è tra le pochissime cose che 
innalzano la vita umana al di sopra del livello di una farsa,  

conferendole un po' della dignità di una tragedia.
Steven Weinberg


