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1. Gonstrtents & Interactions
= Table of Elementary Fermions
= Interactions: Gauge Bosons
= Charged Leptons

= Neutrinos
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Periodic Table
of the Elements {5 [% [
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Maming corventions of new elements

* | anthanide b1 b2 b3 b4 |65 b
Series Pm|Sm| Eu| Gd| Tb | Dy
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Series Np | Pu|Am|Cm| Bk | CF
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Matter

B Electron

Proton Neutron

Quarks

Molecules
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MATTER NUCLEUS PROTON QUARK

electron neutron
- .

y. .
tric charge ~1/3.
o - e}
B Pr have 2 up quarks ... and one down quark.
and chemical reaction ith other i ! : Neutrons have I up quark | ... and two down quarks.
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The Standard Model

NUCLEUS

electron
o

i

tau neutrino .
Not'yet observed
{ directly.

PROTON
neutron f

have 2 up quarks

up quark

A heavier

relative

-of the up.

top .

Heavier
still,
recently
observed.
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QUARK

.. and one down quark.
... and two down quarks.

strange
A heavier
relative

of the down.

bottom

Heavier
still,
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MATTER NUCLEUS PROTON QUARK

electron neutron i

e

tric charge - 1/3.

_P_r_oto_ns.z have 2 up q varks

Neutrons have 1 up quark |

| tau neutrino.
Not'yet observed
{ directly.

. and one down quark.
.. and two down quarks.

¢charm

A heavier

relative

-of the up.

top .

Heavier
still,
recently
observed.

| strange
A heavier

relative 0

-~ of the down.

bottom
Heavier
still.

© . "ANTIMATTER N w
Each particle-also has an antimatter P G .Q .
counterpart ... sort of a mirror image. Nt '
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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 22, W+, W- RADIOACTIVE BETA
( HEAVY ) DESINTEGRATION
B
GRAVITATION - GRAVITONS ( ?) HEAVENLY BODIES

v N

) ¢

A 0

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE

CERN AC_704 _V25/8/1992
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RADIOAGTIVITY

(Bpecay)  “C — YN +e

hypothesized
™ €] 5 ™~ (e Yl:/ neutrino _ _
o o™ Q,=0, -
/ e / e rnVe B mVe ~
v, = Neutrino ; v, = Anti-Neutrino

Weak Interaction
Wi, ZO
My ~ M, ~ 100 m,
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Quarks

Leptons

R\

By = 4

up down

s

electron

Y
.&

-
muon

Bosons
()
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o o,
neutrino e

heutrino u

top beau‘ry

_qg!!%% .
)

heutrino T Higgs

The Standard Model
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QM + Relativity
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The Standard Model

Antiparticles  (Dirac)
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[AEORETICAL FRAWEWORE
Quantum Mechanics (/1)) + Special Relativity (C)

‘ Quantum Field Theory

1) Electricity + Magnetism + Optics (light):
Quantum Electrodynamics

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

3) 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
= Spin Y2

= Seen as Free Particles

= Pointlike (r < few x 107 cm)

m, = 0.5 MeV | m, =106 MeV | m, = 1777 MeV
r, > 6-10"y G 2:10°s r.= 3-10"s

m, < 3eV m, < 0.2 MeV| m, <18 MeV
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MEUTRAL  CURRENTS
ee+>o [iF -<: 2>~ : .<‘7

. uAey . ZAetu
. (Qe=Q,=Q, ; Q,=0)

e Same Interaction for both lepton helicities

.

e Different coupling to and

e Left-handed neutrinos only

o with light (nearly massless) neutrinos
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o (Z — hadrons)

¢ ALEPH
v DELPHI
® L3

® OPAL

- I'(Z = invisible)
['(Z = vivi)+,

['(Z — Invisible) = I'(Z — all) — I'(Z — visible)

The Standard Model
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The heavier leptons and are unstable

O -

v, v

W Ve
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The Standard Model
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% and ¢ In Weak Interactions
CP still @a good symmetry
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(Right-handed antileptons) -
< 3 )
—_— p —_—
v, Xo>u X 5 v, XHeX
- gg T<M gl ,
T(h=>v v ~ M — o M ~ Gr F(l—)Vll ‘7I)~G|§ m,5

[(z—>v,eV)IT(u—>v,ev) ~ (m/m,)
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NEUTRINGS

* Weakly Interacting Particles

* Among most abundant

particles in the Universe

* Each second pass through

your body

~ 10" vy, from the SUN

pp > de v, , ..

The Standard Model A. Pich - CERN Summer Lectures 2005



NEUTRINOS . "

Each second pass through your body

~ 10" v, from the SUN

pp > de'v, , ..

The Standard Model



pX > 7 X'’

U > v, e Ve
e Produced by Nuclear Reactors
n—>pe v,

e Produced at CERN

The Standard Model



Ve Measured < Ve Predicted

Ve+d > p+p+e
vy+te€ —> v,+€
v, +d > p+n+v,
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0

(X=¢,1,71)

The Standard Model A. Pich - CERN Summer Lectures 2005



Sudbury.
Neutrino
Observatory
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Quarks

Leptons Bosons
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