Particle Physics
The Standard Model



The Standard Model

1. Constituents & Interactions
2. Quarks

3. Gauge Invariance

4. Quantum Chromodynamics
5. Electroweak Unification

6. Symmetry Breaking

/. Electroweak Phenomenology
8. Flavour Dynamics
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1, Gonstituents & Interactions

= Table of Elementary Fermions
= Interactions: Gauge Bosons
= Charged Leptons

= Neutrinos
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MATTER NUCLEUS PROTON QUARK

electron neutron

i

Electric c"hargc ~1/3.

| rotons have 2 up quarks | ... and one down quark.
| - W Neutrons have I up quark { ... and two down quarks.

charm - strange
_ A heavier A heavier

relative relative 0
-of the up. _ of the down, .

| tau neutrino. top . bottom
Not'yet observed Heavier ' Heavier

{ directly. still, _ still.

| recently

observed,

- "ANTIMATTER
Each particle-also has an antimatter
counterpart ... sort of a mirror image.
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The forces in Nature

INTENSITY OF FORCES BINDING PARTICLE
( DECREASING ORDER)| ( FIELD QUANTUM ) OCCURS IN :

STRONG NUCLEAR FORCE GLUONS (NOMASS) ATOMIC NUCLEUS

ELECTRO -MAGNETIC FORCE PHOTONS (NO MASS) ATOMIC SHELL
ELECTROTECHNIQUE

WEAK NUCLEAR FORCE BOSONS Z°, W+, W- RADIOACTIVE BETA
(HEAVY') DESINTEGRATION

GRAVITATION GRAVITONS (?) HEAVENLY BODIES

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE

CERN AC_Z704 _V25/8/1992
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RADIOACTIVITY

Nn—>p+e +v,
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v, = Neutrino  ; ¥, = Anti-Neutrino

Weak Interaction
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QM + Relativity Antiparticles
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STANDARD MODEL




THEORETICAL FRAMEWORK

Quantum Mechanics (/1) + Special Relativity (C)

—

iy

2)

3)

The Standard Model

Electricity + Magnetism + Optics (light):
Quantum Electrodynamics

QED + Weak Interaction: 7, Z, W~
Electroweak Theory

Strong Interaction: 8 Gluons
Quantum Chromodynamics
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= The Higgs Boson (Mass scales)
= Gran Unification (Electroweak + Strong)
= SuperSymmetry

= Gravitation:  SuperGravity, Strings, ...
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= Do not have Strong Interactions

LEPTONS O

.( = Seen as Free Particles
‘ = Pointlike (r < few x 10 cm)

Family Structure e_ , (V“j , (Vj




NEUTRAL CURRENTS

Flavour Conserving uAsey o LAeTu
gy~Q| (Qe:QIu:Qz- : QV:O)

Same ¥ interaction for both lepton helicities

NC Universality: Ozee = ng =0z, 7Yz
Different Z coupling to |, and |
Left-handed neutrinos only

3 Families with light (massless ?) neutrinos



HOW MANY NEUTRINOS ?

o (Z — hadrons)
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I'(Z — invisible) = T'(Z - all) — T(Z —> visible)



The heavier leptons

The Standard Model

and

are unstable






YES NO
|| €&—> I
Al Bt 1 1
|| €=—> |}
NO YES
and In Weak Interactions

still a good symmetry
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@ Doublet partners: I” < v
v, X>u X 5 v, X e X’
® Universal Strength
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ach second pass t

your body

(pp > de"v, , ..
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HEUTRIOS

Each second pass through your body

~ 10" v, from the SUN

They also come

from below! N
: €



pX > 7 X'
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e Produced by Nuclear Reactors

N—>pe v
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SOLAR NEUTRINO PROBLEM

Ve Measured < V, Predicted

SNO
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Neutrino Oscillations Ve —>V,;



Sudbury
Neutrino
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Site BA4
of SPS  Temporary shaft

Meyrin
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MORAINES

Jonte-Maggiorasca

/52 I
" neutrino beam ——»

CERN Neutrinos
To Gran Sasso
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