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Outline

® Introduction - Fundamental particles and interactions

® Symmetries | - Relativity

® Quantum field theory - Quantum Mechanics + relativity

@ Theory confronts experiment - Cross sections and decay rates
e Symmetries Il - Gauge symmetries, the Standard Model

O Fermions and the weak interactions

http://www.physics.ox.ac.uk/users/ross/cern_lectures.htm




Fundamental principles of particle physics

G.Ross, CERN, July07

Fundamental Interactions

Strength
_ g t
Strong o, =55-~1
Electromagnetic o, = 476:,.10 ~ o=
Weak G.m, ~10~"
Gravitational ~ Gym, ~107"

" Short range



Fundamental principles of particle physics

G.Ross, CERN, July07

Fundamental Interactions Fundamental Particles
Strength atom 3 5
) \
e )
Strong o, =~ 1 e
. - 1 @
Electromagnetic o, =-5-~ ._
Weak GFm; ~10™" Proton ™)
. . 2 -36 ¥ 1
Gravitational Gym, ~10 quark €5 M electron
W (
4._? 2



Fundamental principles of particle physics

Fundamental Interactions

Strength
_ g t
Strong o, =55-~1
Electromagnetic o, = 4;2,10 ~ o=
Weak G.m, ~10~"
Gravitational ~ Gym, ~107"

G.Ross, CERN, July07

Fundamental Particles
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Fundamental Particles
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Units Length : L
Time: T
Energy : E
or Mass : m

c=3.10° m/sec
71=10"" kg m’/sec

Natural Units Choose units such that :

c=1 L/T
h=1 ET (=M.I*/T)

1 unit left : choose E=1 GeV | (=10 electron volts =1.6 10°])




Natural Units

1=c=3.10° m/sec = 3.10~ fm/sec

1=hr=10"" kg m*/sec = 10™ J/sec = L GeV fm

energy of 1GeV =1.6 10" J .typical of elementary particles
mass of 1 GeV =1.8 107" kg

length of 1 GeV ™" =0.2 fm

time of 1GeV ™" =0.7107* sec

O — e2 - h _— 1 Dimensionless-

— — — same in any units
em 4rhc m,rc m,r y

N 1 -10 ~ 1 5 2 _2
Vatom 0"m 0 -{m I::> aem — 46—71_ M 10
m, =0.510" GeV




Fundamental Interactions and sizes
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Atomic binding :
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Nuclear binding :
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Elementary particles

Isador Rabi 1937 “Who ordered the muon?”

Leptons : e . ‘U_ , T
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Elementary particles

Leptons : e , U, T

Scale in m: P
10 atom ¥ &
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Hadrons : 3 strong “colour” charges
T d, S, b



Elementary forces



Feynman diagram

Exchange forces

Electromagnetism

Vo (1) =77

Experiments conducted in momentum space :

Vem (‘q‘) ~ JVem (‘r‘)e‘ik'raﬂr ~ ﬁ‘/ Photon “propagator”



Exchange forces

Electromagnetism

Vo (1) =77

Experiments conducted in momentum space :

V. a) ~ [V, (re ™ dr ~ =

o "virtual photon"



Application to a scattering processes e+e_ — /,L+ ‘LL_
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Exchange forces

Strong interactions

2

I/Sl‘rong (l") — fjr %

In momentum space :
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"virtual gluon"



Exchange forces

Weak force

g1 8 —M ,r
12;82

Vearr () =

Yukawa interaction

In momentum space :
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Exchange forces

Gravitational force

(r) =G,

gmvzly

m mz

"virtual graviton"



Exchange forces

Gravitational force

(’,) G nm mz

gmvzly

G, =6.6107" m’/ kg.sec’....could provide fundamental scale:
mass = (hc/G,)"* =1.210° GeV =M, .
length=10"" cm=1,

or maybe M ,, . not fundamental!



THE PERIODIC TABLE

Leptons Quarks (each in 3 “colors™)
( (o U, e d U
. . 0.511 MeV | < 0.000003 7 3
Particles like
the electron ¢ v V, (7} S C
(fermions, spin 1/2) 106 < 0.2 120 1200
\ T | v | b t
1777 < 20 4300 175,000
1 0 —1/3 2/3  « charge
( photon “electromagnetism”
. . 0
Particles like
gluon

the photon ¢ “strong interaction”

o (8 “colors”)

(bosons, spin 1)

“weak interaction”

80,420 91,188







