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

= Neutrinos
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Periodic Table . .

of the Elements [& [c [k
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Nucleus

Matter

B Electron

Proton Neutron

Quarks

Molecules
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MATTER NUCLEUS PROTON
\ electron neutron '

rge ~1/3.

p quarks | ... and one down quark.
rons have | up quark | ... and two down quarks.
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MATTER

The Standard Model

NUCLEUS PROTON

electron neutron
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tau neutrino.  § top

rotons have 2 up quarks
Neutrons ha
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QUARK
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.. and one down quark.
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MATTER NUCLEUS PROTON  QUARK

electron neutron

o

Electric charge ~1/3.

Protons have 2 up quarks | ... and one down quark.
Neutrons have | up quark | ... and two down quarks.

charm . strange

A heavier A heavier
relative relative

-of the up. -~ of the downi.

| tau neutrino. top . . bottom
Notyet observed Heavier - ' Heavier

{ directly. still, still.

f ' : recently

observed,

 ANTIMATTER

Each particle-also has an antimatter £ % gu .Q .

counterpart ... sort of a mirror image

The Standard Model
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The forces in Nature

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

STRONG NUCLEAR FORCE GLUONS (NO MASS) ATOMIC NUCLEUS
ELECTRO -MAGNETIC FORCE PHOTONS (NO MASS) ATOMIC SHELL

ELECTROTECHNIQUE

WEAK NUCLEAR FORCE BOSONS 272, W+, W- RADIOACTIVE BETA
(HEAVY) DESINTEGRATION

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE

CERN AC_704 V25/8/1992
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CADIOAGTIVITY  ®oeen SC N e

e Q, =Q,.
i Ve il Ve

v, = Neutrino  ; v, = Anti-Neutrino

U

0
0

Weak Interaction

W=, zZ°

My ~ M, = 100mp
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Leptons Bosons

."%f‘ .,
T4

beau’ry

neutrino T Higgs
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QM + Relativity Antiparticles (Dirac)
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Leptons Bosons

."%f‘ .,
T4

beau’ry

neutrino T Higgs
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standard




THZ0RETIOAL FRAMEIORA

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)

me = 05 MeV | m, =106 MeV | m_= 1777 MeV
r, > 6-10"y 5 = 2:10° s r.= 3-10"s

m, < 2 eV m, < 0.2 MeV | m, < 13 MeV
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d2UTRAL - GURRENTS
e <i et

. uAey . LAeu
. (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)

89 90

91 92
Vs=E,, (GeV)

¢ ALEPH
¥ DELPHI
e L3

® OPAL

~ I'(Z — Invisible)
['(Z = viv)y,

[(Z — invisible) = T(Z — all) — T(Z — visible)

The Standard Model
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The heavier leptons and are unstable
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The Standard Model

i v, v, s -
ﬂ_)_/ ~o”
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e
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e

(Right-handed antileptons)
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YES NO

NO YES

}ﬁ and Kf In Weak Interactions

CP

stil a good symmetry

The Standard Model
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T(—>v ') ~

= e
e
(Right-handed antileptons) _
< J >
— rj —
VﬂX —>u X vﬂX e X
gy C=Mi gy

~ G — 2 5
M — g M, i [l —>vI'v)~Gem,

F(z—>v,ev)IT(u—>v,ev) = (m /m,)°
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90% CL Upper Limits on Br(l — X) [BABAR / BELLE]
w—ey 12.10" p—oeete- 10-107° poey 7.2-107"
ey | 11-107  t—oeete- | 36-10° [ toeequ  27-10°
T— WYy 45-10°  t—oepu | 3.7-10° o petp | 23-10°

Toeept  20-10° o ppp | 32-10°  t—>en® 80-10°
t>un® | 1.1-107 T—>emn 16-107  t—>um’ | 1.3-10"
t—>emn | 92-10° t—opmn | 65-10°  t—o>eK©° 78-10°
tT—>eKs | 56:-10° | t>puKs | 49-10° | t—oup®  68-10°

e KK | 14.-107  toeK | 16-107 | toentK- 3.2-107

o KK 25107 | top K 32107 toup K- 26107

roentn | 1.2-107 | topuntn | 29-107 | toAn | 7.2-107°

ToetKK-| 15:-107 | t—etKn | 1.8-107 | v—etn - 20-107

T—>uK? 59.10° 1t—>ed | 73-10° tHopo 89-10°

TouwKK- 44107  topuKn | 22-107  toptnr | 0.7-107



NEUTRINDS

* Weakly Interacting Particles

* Among most abundant

particles in the Universe

* Each second pass through

your body

pp >de’ v, , ..
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NEUTRINGD

Each second pass through your body

~ 10" v, from the SUN

pp >de' v, , ..
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A

i‘

)OLAR MEUTRINO PROSLE

i

Ve Measured < V. Predicted

Ve+d > p+p+e
vyte —> v,+e
v, +d > p+n+vy,

(x=¢,1,71)

The Standard Model
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A. Pich -
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Sudbury
Neutrino
Observatory.
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(produced by Cosmic
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Site BA4

of SPS Temporary shaft
I’ #’l
\ i Meyrin

e & g

Geneve-Cointrin
Airport

te-Maggiorasca

MORAINES

MOLASSE

T neutrino beam ——>

CERN Neutrinos > @ —@-

CERN . |
To Gran Sasso v, v > v ——> v,

neutrino trajectory I
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Leptons Bosons

_"%f_
)

beau‘ry

neutrino <t
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