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Some fundamental questions in flavour physics

— Why three generations?

— What'’s the origin of the mass hierarchy?

— What’s the origin of the coupling structure?
— What’s the origin of the baryon asymmetry
of the universe?

— What'’s dark and energy matter made of?

Discrepancies from the Standard Model could reveal the way to find the right answers

What's the origin of the mass hierarchy? What's the origin of the coupling structure?
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What is flavour physics?

The Flavour, in particle physics, is a species of elementary particle. It is a quantum number of elementary particle
In guantum chomodynamics, flavour is a global symmetry.

In the electroweak theory the symmetry is broken and and flavour changing process exists

— decay of quarks

- neutrinos oscillations

“The term flavour was first used in particle physics in the context of the quark model of hadrons. It was coined in 1971

by Murray Gell-Mann and his student at the time, Harald Fritzsch, at a Baskin- Robbins ice-cream store in Pasadena.
Just as ice cream has both colour and flavour so do quarks. ”

FP1



Nowadays we know that there’s

no evidence of primary antimatter

on the scale of the observable universe

What led to the disappearance of

antimatter assuming an initial symmetric state?
How big the asymmetry should have been?

[Sp———— OV WS The
Symmetric sgmr:ef;y
inifial state TORCHS

Mainstream explanation

Antimatter and matter particles annihilated massively in the early universe, but a tiny fraction of matter was left over:
every 10 billion particles, a handful was not annihilated away.

The radiation produced by this gigantic initial annihilation is what we see today as the big bang afterglow: the cosmic
microwave background.

Sakharov conditions

In 1967 Sakharov enumerated the three conditions which are necessary for the dynamical evolution of an initially
symmetric to a matter-dominated universe

1. Baryon number should not be conserved

« Otherwise there’s no way to produce an excess of baryons

2. Charge (C) and Charge-Parity (CP) should not be conserved

* Interactions which produce more baryons should not be counterbalanced by interactions which produce more anti-
baryons

3. Interactions must be out of thermal equilibrium

+ Otherwise the baryonic asymmetry is diluted by inverse processes

In a few words: the universe is asymmetric because the baryon number is not conserved in C- and CP- violating
processes giving rise to more baryons than antibaryons in the expanding universe.

Can we explain the asymmetry by known Physics?

Qualitatively: yes

- The Standard model in principle contains all the necessary ingredients

It is possible to derive the ratio of the number of baryons to that of photons in the universe
ng (m? — m2)(m? — m2)(m2 — m2)(mZ — m32)(m? — m2)(m? —m3) J

n., ~ M12

Where J is almost 3x10/(-5) is the Jarlskog invariant quantifying the size of CP violation in the Standard Model and
M = 100 GeV is the electroweak scale at which the baryon asymmetry freezes out

Quantitatively: no
The previous equation gives n =~ 10/(-19), whereas using Planck experimental data on cosmic microwave background

one gets
n = (6.04 £0.08) x 10~ *°

This is off by 10 orders of magnitude!

CP violation in the Standard Model is too small— strong indication that new sources of CP violation should exist in
some beyond-the-SM physics.
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Nevutral kaon mixing: CPLEAR experiment

The CPLEAR experiment used the antiproton beam of the LEAR facility -
which operated at CERN from 1982 to 1996

Low-Energy Antiproton Ring (LEAR)

=

Built in 1982 and operated until 1996

A typical K° > m~m* @CPLEAR

Runno 13470 Eventno 2456

Kaon production at CPLEAR
pp > K°K—n*

pp - K°K*n~

The Chdrge of the Kaon T Neutrol—kaon decay time [t,]
defines the flavour of the Tt
neutral Kaon at the time of theo 2e 2 cos(Am -t
the production. Apm’ = o-Tst 1 g-Tit Eur. Phys. J. C 22 (2001) 55-79
Am = (0.5295 %+ 0.0020stat % 0.0003yst) x 10" 7i/s,
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Kaon production at CPLEAR
pp - K°K—n™*
pp - K°K*n~
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