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What are the facts?
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How Old is the Universe?
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patterns

and structures
when cold
(low energy)

Symmetry
when warm
(high
energy)







MATTER

ANTIMATTER




...why didn’t it mutually destruct?
...why is there anything left?



Matter and the Universe

Physique des Particules Cosmologie
Physique Nucleaire Astrophysique

Physique du Solide Astronomie
' Geophysique
Mecanique
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How 1o learn what thi ngs are made GF

What
IS matter
made of ?
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Catch 22:
There’s a limit to what we

can see with our eye

Bef:md (nom:.l) visien

Eye Lwit

Roectera

Wavelength of Light
Febiw,

Nucleus

Quaris and Elactrons

lo



Catch 22:
There’s a limit to what we

can see with our eye

To look at smaller
things we need

to use instruments
that can “extend”
our vision

Beyond (nermal) visten
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How 1o learn what thi ngs are made OF

L

The problem is the wavelength

of light compared with the size of NG

what you’re trying to look at




How to learn whot H\inss ma.mde.GF

HEAY

How to see small fhi'n,gs
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Electron microscope

electrons

A= Omst/P



2. Smash

How To learn what things are.made.oF




...some definitions

for ENERGY.
Joules are too big

for particle energies....
and

0.0000000000000000001
Joules is too messy....

So we need more
Practical Units

eV, keV,MeV,GeV
and welcome to TeV




...some definitions

for ENERGY
Joules are too big

for particle energies....
and

0.0000000000000000001
Joules is too messy....

So we need more
Practical Units

eV, keV,MeV,GeV
and welcome to TeV

Practical Units

(\ electron

B (enecqy B)
E- lev_
- =16x10 °J
1 Volt |
| key = 10% eV
| Mev = [0@¢V
Gev = 10%eV
ﬁTcV = 10'* ¢V
\EP = 200 GeV



Einstein: § = Mc?
Special Relativity

Einstein
r 3
Energy el \&  E = () +(M)
and .
use units such thet c=1
E (GeV or MeV
P (Gev/c orMeV/c

M (GeV/c* or MeV c.‘-)

Mﬂ \ = 0.5 MeV/c*

Moriun = 938 NeV/c- = | GeV/c:
Mht 170 Gev/c*

proten diameter = length scale:
IO:'?; = 1 fermi (femtometer)
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LOOK or SMASH

Wavelength

and

profoundly related




How To learn what H\lngs are made 4'

LOOK or SMASH

Wavelength

and

Energy

profoundly related




3. Heat

How 1o learn what H\inss are.made.o(:

resclution

[a(p Wave}cng%
m% Eneyy

... also
profoundly
related......
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SMASH or HEAT

Energy

and

Temperature




SMASH or HEAT

and

Temperature



How Yo learn what ’dulngs are made of
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The Universe
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Temperature
Energy and
Time




...and the nature of matter

@ R = ;Gev
&,a"f,f’*:l'.‘éx it
— My
1 oo ser.
30(“!(1f




A Very Short Introduction

The New |
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Particles in Three Minutes

A quick survey of how we got here....

....and where we think we're going next.




Photons
(Einstein)

Th heart of matter
in 1905

e (Elnsteln s great year)

. = _h—g"si‘



The heart of matter

in 1955
P . (when CERN began :




The heart of matter
in 1955

B
e e | i P

B e

(when CERN began)

Electron
and
Proton

utterly
different.

proton

2000

times
heavier

10000

times
bigger



1955 ELECTROMAGNETIC force binds electrons

FORCES

in the
atom

STRONG force binds nucleus

WEAK force = radioactivity
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Cosmic Rays had reveale.d STRANGE pa_ﬁrti_c-:_l
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1955 CERN accelerators replicate cosmic rays on Earth...



The heart of matter
in 2005
(and even in 2009 !)




The heart of matter
in 2005

Electron
and

quark
very
similar
in

Mass
Size
Spin

and in
how
they

¥ respond
== to the

& FORCES



2009 ELECTROweak force binds electrons
FORCES

in the

atom

ao0pleMonose pajIun

electroWEAK force = radioactivity

Colour QCD force binds quarks

Al




patterns

and structures
when cold
(low energy)

Symmetry
when warm
(high
energy)




FORCES 1955-2005

Electromagnetic
COLD 'weak
Strong

U

ElectroWeak
Strong (QCD)

4

GrandUnified

HOT Force




Standard Model of
Quarks Leptons and
forces

= pattern based on MASS

“cold” =“low” energy
= below 1 TeV




Standard Model of
Quarks Leptons and
forces

= pattern based on MASS

“cold” =“low” energy
= below 1 TeV

N Z

NV
superSymmetry
when “warm”

(= high energy > 1TeV)

Higgs Boson
Supersymmetry
Nature of Reality
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No mass .
...and patterns (that change) ||| - U“MMH
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