Lecture 2b (1/12/09): A Brief History

What were some of the major historical developments
over the last century or so?

What are some of the basic qualitative properties of
the various particles and forces?



Nuclear forces (radioactivity)
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The electron

In 1897 J.J. Thomson studied "cathode rays” emitted by
a hot electrode. Measured deflection by B and E fields.
Fe=qE, Fp=qvxB. qvB = m vé/r .,
Computed velocity v = E/B using crossed fields, then
q/m= v/(Br,.,,) using B alone.

Found very large q/m.
Inferred small m,.

Note sophisticated
photon detector

Bx



The photon

Photoelectric Effect

The Particle Nature of Light
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The nucleus

In 1909 Rutherford scattered alpha particles (He nuclei)
off a gold foil. One in 8000 scattered at a large angle.

Lead box with

A detector such as
Zinc(ll) sulfide.

“as If you fired a 15-inch naval shell at a piece of tissue paper and
the shell came right back and hit you”

Evidence that the positive charge in an atom is in a tiny core.



The neutron

vacuurm
Fy
| | |
I ) ;
‘ < . » | . to an amplifier __, ©scillograph
I recorder
" ,
\ |
Po source

Be target material



The positron

The generation of electron-hole
pairs by light
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The positron discovered




What binds the nucleus?
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Which meson is it?

In 1947 C.F. Powell et al. (Bristol) found the pion (x) in cosmic
rays at high altitudes (t, = 3 x 10-8 sec) using emulsion (film).
n—>u —>e decay chain seen. m was Yukawa's meson.
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What's strange about them?

Notion of strangeness conservation
- like electric charge conservation,
but violated by the weak interactions.




Parity violation

/ Fewer electrons are emitted in this direction. ... \
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obalt nuclei all spinning

. . ' ' in the same direction

\ ....than in this direction /




Some order to the chaos




The quark model
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Quarks are real

electron electron

proton



CP violation
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Weak neutral currents

First experimental tests came in neutrino scattering
experiments at CERN in 1973 (X = "anything")

W+ exchange: v, p->pu X v
Z9 exchange: v, p->v, X [EEESEE

neutrino beam
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The November Revolution

p+Be->J+X->eeX
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The third generation

same detector where
the v was discovered,

(U (€) anew lepton appeared,
\d s | thert. First member b
of 3rd generation.
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Weak Bosons Detected

Masses of W and Z bosons could be estimated at
80, 90 GeV, from weak neutral current data.
Far heavier than any particle produced to date.

CERN builds the SppS, p (270 GeV) +p (270 GeV),
UA1, UA2 detectors observe W, Z decays to leptons.




Discovery of the Top Quark

At Fermilab Tevatron Top Quark Event

Top

> <

quark antiquark
(proton) (antiproton)

Anti-top

Completed the 34 generation.
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