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Introduction

{ Whoam | ?

{ Ask questions !
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Elementary Particle Physics

{ Science is about simplification

{ Particle physics is about:

[ What are the elementary constituents of matter ?
[ What are the forces that hold them together ?
[ Fundamental physics !

{ Elementary Particle Physics = High Energy Physics
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Elementary Particles over Time
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Chemistry
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{ Similar properties of atoms point to underlying structure

{ We know now: properties and interactions determined by the
varying number of electrons
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From Big to Small

{ Atom : nucleus is 10* : 1 is
100 m: 1cm

{ Mass of the atom: nucleus

0.00000000000001 m ‘ :

& [ _Loks of empty space!

o <1018
oo £ Quarks  and  electrons  are

B G eoin elementary: no substructure

rticle Physics
L] TR

M.P. Sanders 6 LMU Miinchen



Cosmic Rays

[_Dibcovery of muons, pions,

{ Muons produced at [I13 km
altitude
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Einstein’s Relativity

{ Nothing goes faster than light: ¢ [_300000 km/s

[__Cldck of a moving object ticks slower
{ Muon lifetime; T =2.2x10 °s, ct CBBO m

{ Muon lives much longer when it moves fast:

lifetime = y1,y = ‘/1 - .
Veéz
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Einstein’s Relativity

E

{ Energy = mass: E =mc?, y = e

{ Units: eV, the energy an electron obtains in a 1 V potential
di Lerknce

{ m, =511 keV/c?, m = 105 MeV/c?, m, = 938 MeV/c?
{IfE =24GeV - y=22.9 - lifetime 15 km

{ Nuclear fission / fusion: mass - energy
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Elementary Particles

ELEMENTARY
PARTICLES

Proton: uud

Neutron: udd

Pions: two u/d quarks

I I [0

Three Generations of Matter
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Antiparticles

Energy L[_palticle-antiparticle pair [_Enkrgy
Where are the antiparticles?
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Quark Properties

i'

|bst

(3)  (3) .

éiﬁ
%

guark mass
d 3.5 to 6.0 MeV
u 1.5 to 3.3 MeV
S [ 104 MeV
C [ 1.P7 GeV
Electric and “colour” charge b [ 4.P0 GeV
t 172.4 = 1.2 GeV
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Basic Forces in Nature

TYPE

INTENSITY OF FORCES
( DECREASING ORDER)

BINDING PARTICLE
( FIELD QUANTUM )

OCCURS IN :

STRONG NUCLEAR FORCE

e

GLUONS (NO MASS)

ATOMIC NUCLEUS

ELECTRO -MAGNETIC FORCE

- 10°°

PHOTONS (NO MASS )

ATOMIC SHELL
ELECTROTECHNIQUE

WEAK NUCLEAR FORCE

BOSONS Z°, W+, W-
(HEAVY)

RADIOACTIVE BETA
DESINTEGRATION

GRAVITATION

GRAVITONS (?)

HEAVENLY BODIES

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE
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The Standard Model

{ Electricity and magnetism [_Eldctromagnetism

{ Electromagnetism and Weak force [_Eldctroweak force

{ Electroweak and Strong force [_Standard model
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Instruments of Particle Physics

How we see

" different-
"_:ﬁ. e DA gize d
B e TN objects:

atom

nucleus

electron
microscope
accelerator

Big objects: big instruments  Small objects: big instruments
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Large Hadron Collider

Beam energy 7 TeV, y = 7462, v L c310 km/h
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Mass In the Standard Model

{ Elementary particles don’t have mass !

[_Hiygs field
[ Hihgs Boson

{ We didn’t find the Higgs boson yet. . .

M.P. Sanders 17 LMU Miinchen



Where’s Higgs?
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Where’s the Higgs?

M.P. Sanders

6 July 2008 My = 154 GeV
Aat =
571 '\ % — 0027582000035 ]
3 i - 0.027490.00012
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[__Higgs boson is light
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Where’s the Higgs?
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Other Topics

{ Quantum mechanics

{ Only 5% of the universe “known”
{ Why is gravity so weak?

{ Why three generations?

{ Where’s the anti-matter?

{..

M.P. Sanders 21

LMU Miinchen



More Info

{ CERN: http://www.cern.ch
{ Fermilab: http://www.fnal.gov

{ DESY: http://www.desy.de
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