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® |Introduction - Fundamental particles and interactions

® Symmetries | - Relativity

® Quantum field theory - Quantum Mechanics + relativity

® Theory confronts experiment - Cross sections and decay rates
® Symmetries || — Gauge symmetries, the Standard Model

o Fermions and the weak interactions
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Fundamental Particles
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Units

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

c=3.10° m/sec
1=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"°J)
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Natural Units

1=c=3.10° m/sec = 3.10*~ fm/sec

~34 2 34 T

1=A=10"" kgm“/sec= 10" J/sec = + GeV fm

energy of 1GeV =1.6 10" J ..typical of elementary particles

mass of 1GeV =1.8 107" kg

length of 1GeV ™' =0.2 fin

timeof 1GeV ™" =0.7107* sec

o = e h _ _1 Dimensionless-
em dhe ~ m,rc m,r same in any units
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Fundamental Interactions and sizes
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Elementary particles
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Elementary particles
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Elementary particles

Isador Rabi 1937 “Who ordered the muon?”
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Elementary particles
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Elementary particles

Leptons : e , ‘L[_, T

Scale in m:
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Hadrons : 3 strong “colour” charges ?
T d, S, b



Elementary forces
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Feynman diagram

Exchange forces
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Feynman diagram

Exchange forces

Electromagnetism

Vo (1) =5+

Nucleus

Experiments conducted in momentum space :
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Feynman diagram

Exchange forces

Electromagnetism

Vo (1) =5+

Nucleus

Experiments conducted in momentum space :

—ik.r 73 o « ”
Vem (‘q‘) ~ jVem (‘r‘)e d’r ~ W*/ Photon “propagator
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Exchange forces

Strong interactions
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Exchange forces

Weak force

gl gz 1 —M,r

weak (7’) r €

Yukawa interaction

In momentum space :
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Exchange forces

Gravitational force
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gravzty
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"virtual graviton"



Exchange forces

Gravitational force

(l/') G n m2

gravzty

G, =6.6107" m’ / kg.sec’....could provide fundamental scale:
mass = (hc/G,)"* =1210" GeV =M, .
length=10"" cm=1,

or maybe M ,, . not fundamental!



THE PERIODIC TABLE

Leptons Quarks (each in 3 “colors”)
: e | v. | d )
. . 0.511 MeV | < 0.000003 7 3
Particles like
the electron ¢ IJ' 4 (V) 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

“strong interaction”

the te
he photon ¢ o (8 “colors”)

(bosons, spin 1)

“weak interaction”

80,420 01,188







References useful for future lectures:
Halzen & Martin, ‘Quarks & leptons’, Wiley, 1984
Aitchison & Hey, ‘Gauge Theories in Particle Physics’, Taylor and Francis, 2005

[Peskin & Schroeder, ‘Quantum Field Theory’, Addison-Wesley, 1995]



