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Ta douIKka oToIxXEia TG ouvnBoug UANG
(O€ ATOMIKO ETTITTEDO - XNMUIKA OTOIXEIA)
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ATOMIKN KAl UTTO-OTOMIKN d6uNonN TNS UANG

ATOM:
held together by

ELECTROMAGNETIC
interactions

PROTON:
held together by

STRONG
interactions
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20" Century Elementary Particle Physics Timeline

Theoretical Breakthroughs

1900 Black body radiation spectrum (Planck) >

1905 Light quanta (Emnstein »
1905 Theory of special relativity (Emstein) 3

1913 Bohr's model of atom. momentum quantum (Bohr)______ )

1925 Hypothesis of “no two fermions in identical states™ (Pauli) »
1925-26 Quantum Mechanics (Heisenberg. Schrodinger) -

1928 Electron relativistic QM equation: antimatter (Dirac) 4
1930 Neutrino hypothesis (Pauli) )

Discoveries of Building Blocks

—————1897-1899 Discovery of electron (Thompson)

g——————1911 Discovery of nucleus (Rutherford)

4— 1919 Discovery of proton (Rutherford)

g— 1923 “Discovery” of photon (Compton)

1932 Discovery of neutron (Chadwick)

1934 Weak Force (ch:ug -
1935 Nuclear Force and Yukawa particles (Yukawa >

q 1933 Discovery of antimatter, positron (Anderson)

4—— 1937 Discovery of muon (Anderson. Neddermeyer)




1946 Discovery of charged pion (Perkins)
1948 Quantum ElectroDynanucs (Feynman; Schwinger: Tomonaga) 4] e T Dtncovcsy ok siinie paebicls Uosies Bostiaias

&— 1956 Discovery of electron neutrino (Remnes. Cowan)

1964 Three quarks (Gell-Mann, Zweig) &— 1962 Discovery of muon neuwtrnino (Lederman, Schwartz , Stein
1965 Color (Greenberg) 4,

1968 ElectroWeak Unification (Wemberg. Salam, Glashow)__________|
1970 Charm quarks (Glashow. Iliopoulos. Maian1) 4, |

1973 Quantum ChromoDynamics

(Gross. Fritzsch, Gell-Mann, Politzer, Weinberg, Wilczek) 4——— 1974 Discovery of charm quark (Ting. Rachter)
& 1975 Discoverv of t-lepton (Mark I Perl)

lg— 1977 Discovery of bottom quark (Lederman)
4—— Late 1970s Observation quark and gluon jets (TASSO. JADE)

&— 1983 Discoverv of W, Z' (UA1. UA2. Rubbia)

Not shown on the time line, but still very important:

Expeniment: < 1995 Discovery of top quark (CDF. DO)
- Discovery of electron spin (1925)
- Discovery of A-resonance (1952)
- Discovery of P-violation (1957)

: S NG s = - |.g— 2000 Discovery of tau-neutrino (DONUT. Lundberg)




Nuclear Science

Nuclear Science is the study
scientists caleulate and measure the m.

questions, such as y do nucleon:
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I the carly stages of stellar evolution of our sun and other
stars, hydrogen fuses to form helium, releasing energy in
the form of phatans (light) and neutrinas. During the later
stuges of soclla cvolution, Dire it EETEEEE
beyond uranium are synthesized by fusion. By measuring
the number of neurrinos that come from the Sun,
scientists recently have demonstrated that neutrinos

must have a mass greater than zero.

Applications

Space Exploration

Nuclear Reactors

Astrophysical pictuses courtesy NASA/JPL/Caltech and AURA/STSel,




2. TOIXEIWON CWHATIOIA JE ECWTEPIKN OONN —
adpovia (strong interactions)
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The 6 leptons

leptons

neutring  electron
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Measurement of Z hadronic decays, versus energy,
with predicted rates if there were 1, 2 or 3 types of neutrino
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