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PHY-105: Introduction to Particle
and Nuclear Physics

� Up to � 1900�! indivisable atoms

� Early 20th century�! electrons, protons, neutrons

� Around 1945, other particles discovered.

� In the 60's patterns of these particles�! quarks, leptons

! How many quarks and leptons are there ?
! How do these quarks and leptons interact ?
! What laws govern their interactions ?

We have learnt a lot in the last few decades but
still have many outstanding questions.
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Quarks and Leptons

� All quarks carry an additional \charge" calledcolour,red, green, or
blue.

� All observable particles are colourless



Classi�cation of Particles

A 
urry of particle (and antiparticle) observations were made in the
mid-20th century. This led to a natural classi�cation of particles which
could be understood in terms of the quark model.
Hadrons:

! mesons:relatively light, and made up of a quark and an
anti-quark, e.g.� 0, � � , K � ,...

! baryonsheavy, most seen to decay eventually into protons and
neutrons, made up of 3 quarks (or anti-quarks)

Leptons:
the lightest non-neutrino being the electron (0.511 MeV), with the muon
(106 MeV) and the tau (1780 MeV), and their associated neutrinos.



The Fundamental Forces

The universe is composed of fermions which interact throughthe
exchange ofbosons.

The current understanding of matter is that there are 4 fundamental
forces which govern all interactions.

Force Relative Range Mediating \Charge"
Strength Particle

Strong 1 � 10� 15m gluon,g colour
(QCD) / r

Electromagnetic 10� 2 long range photon,
 electric charge,e
(QED) / r � 2

Weak 10� 9 � 10� 15m Vector Bosons weak charge,g
/ r 2 W � , Z 0

Gravity 10� 38 long range Graviton,G mass,m
/ r � 2

The theory that describes all the quarks and leptons and their interactions
is called theStandard Model.



Conservation Laws

Every particle decays into lighter particles, unless prevented from doing so
by some conservation law.

Examine the fundamental vertices:
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� Kinematical conservation laws: momentum, angular momentum,
energy

� Charge

� Colour

� Baryon Number

� Lepton (electron, muon, tau) Number



What we still don't know (and what
we're working on)

� How is mass generated - why the huge range of quark and
lepton masses, and the largeW andZ masses ?

� Why apparently 3 families of quarks and leptons ?

� How is gravity incorporated into a uni�ed model ?

� What grander model is the Standard Model a subset of ?

� Many cosmological questions also.....



Fermion masses
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About 5 orders of magnitude range in quark masses !



Nuclear Reactions

For the nucleus of a particular element we call:

Z = number of protons in nucleus

An isotope of a given element is identi�ed by the number of neutrons,
N (all isotopes have the same Z).

Let the total number of nucleons be: A = Z + N.
This is often referred to as themass numberof the nucleus.

Nuclei are denoted by :AZ X

Examples:

1
1 H = hydrogen 4

2 He = helium

2
1 H = deuterium 3

2 He = helium� 3
3
1 H = tritium

Convenient to express masses in terms of atomic mass units, de�ned by:

1u = 1:66054� 10� 24g = one twelfth the mass of12
6 C

Also: 1u = 931:494 MeV=c2

Example: mH = 1:007825 u
Note that this is less than the sum of the masses of the proton and the
electron by 13.6 eV (verify this yourself). That is;

mH = mp + me � 13:6 eV

) Binding Energy


