The structure of matter

J.W. van Holten

There is a finite number of chemical elements: - 92 occurring in nature (not counting isotopes) - ∼ 15 made in the laboratory → unstable by radioactive decay.

Dimitri Mendeleev (author of the periodic table of chemical elements)

Rutherford’s atom model

Ernest Rutherford

Discovery of the atomic nucleus (1912)

Rutherford’s model explains why α-particles sometimes scatter backwards, when they hit an atomic nucleus head-on, but continue straight most of the time when they travel only through the empty space in between the atomic nuclei.

Fraction of particles scattered through an angle θ is proportional to σ(θ) ∝ 1 sin^4 θ/2 .

The atomic nucleus The ultimate building blocks of nuclear matter are quarks:

type spin electric charge [e] up 1/2 2/3 down 1/2 -1/3 - quarks are fermions - quarks have fractional charges - no free quarks can occur at temperatures < 10^{13} K → quarks are bound in triplets:

Discovering the structure of the proton

Deep-inelastic ep scattering SLAC (Friedman, Kendall and Taylor)

(Nobel prize 1990)

Fermions There are 3 families of quarks and leptons type quarks leptons 1st fam. u d ν_e e 2nd fam. c s ν_μ μ 3rd fam. t b ν_τ τ electric charge^2_3 −^1_3 0 − 1 color charge 3 3 1 1 multiciplicity Heavy quarks and leptons are unstable under weak interactions, e.g.

μ → ν_μ + e + ν̄_e d → u + e + ν̄_e