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History of the Universe

Inflation

Key: W, Z bosons \/\, photon
q quark (%) meson galaxy

g gluon &) & ® baryon .
e electron #% ion * e

L muon Ttau - . )
neutrino atom black ; Ge
\Y hole | Particle Data Group, LBNL, © 2008. Supported by DOE and NSF V)




History of the Universe

Key:

g quark
g gluon

@ electron

V neutrino

W, Z bosons \/\, photon
A% meson ' galaxy

'k @ ® baryon .
* star

##% ion
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black
hole

2
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Particle Data Group, LBNL, © 2008. Supported by DOE and NSF (Gey)
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Rutherford’s Gold Foil Experiment Observation Interpretation

Most o particles travel The atom is mostly
through the foil empty space
undeflected

Detector deflected by small positively charged,

angles as is the O particle

Occasionally, an o The nucleus carries
particle travels back most of the atom’s
from the foil mass

=D [RFHY T ERT

Some o particles are } The nucleus is

Beam of O particles

Radioactive
Source
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cross section = are of ring of radius b
and width db /
R
do

| ol o
Y

Particles hitting the ring between 4
b and b+db are scattered by an

angle between @ and @+ 6 /
\ v
They are scattered into a larger
ring on a sphere with the
scattering nucleus in its center
Solid angle of the \_/
entire ring :

2R si . _
d€) = ..lz'R.sm(‘H)RdB - 271'3]“(9)([9 solid angle of
R- small area:

_ dpRsin(0)RdO .
| Barn = 10-2* cm? dy= 10RO _ i1 0)dBddg
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e “HF” (1897)  fJREFH
L “Muon” (1937) HEFENZFE XN
(206 m,)
T “Tau” (1975)  FESLACXLNZ
( |7 mu ) ( Stanford Linear Accelerator Center)
Ve “Electron " (1956)
BFILZ R BetaTX L HRERNE AT E (1930)
V, “Muon HEF" (1962)

v, “Tau RHF” (2000)



YR IGRh T 5%

S SRARETE

=l 'ﬁ:T_l- s Velance Uuark
ry\ / o Quark-AntiquarkPair
0= 3 L« Proton charge
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d “down” Stanford Linear Accelerator Center
ﬂ7’|§: (Giant Electron Microscope)
u “up”
d “down”
S “strange”
C “charmed” (1974)
b “bottom” (1977) “Beauty”
t “top” 1995 “Truth”

@ Fermilab (Tevatron)
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Graviton Photon Gluon
(not yet observed)

Quarks and
Charged Leptons
and W

Quarks

- W and Gluons

THE EXCHANGE OF PARTICLES IS RESPONSIBLE FOR THE FORCE
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Electricity

Magnetism

ElectroMagnetism

Light

Three
Become
one
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o Einstein dreamed to
come up with a unified
description

o But he failed to unify
electromagnetism and

gravity (GR)
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Higgs: the Goddanin Particle

“THE FUNNIEST BODK
PHYSICS EVER WRITTEN *

— DALLAS MORNING NEWS
. ’

L

“LEDERMAN 15 THE MOST _
ENGACING PHYSICIST SINCE
THE LALE, MUCH-MISSED

RICAARD FEYMNMAN,"”
~SAN FRANCISCO EXAMINER

IF THE
UNIVERSE
IS THE
ANSWER,
WHAT IS THE
QUESTION?
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Wolfgang Pauli 1930

Letter to the physical Institute of the Federal
Institute of Technology, Zurich

The Desperate Remedy

4 December 1930
Gloriastr.
zurich
Physical Institute of the
Federal Institute of Technology (ETH)
Zurich
Dear radioactive ladies and gentlemen,

to save the “exchange theorem”” of statistics and the energy
theorem. Namely [there i1is] the possibility that there could
exist in the nuclei electrically neutral particles that I
wish to call neutrons, = which have spin 1/2 and obey the
exclusion principle, and additionally differ from light quan-
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Two things are
infinite. The Universe
and human stupidity.

...ahd I’'m not sure
about the Universe.
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Region of SUSY particles ‘

with no SUSY

GUT point
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History of the Universe

Inflation

Key: W, Z bosons \/\, photon
q quark (%) meson galaxy

g gluon &) & ® baryon .
e electron #% ion * e

L muon Ttau - . )
neutrino atom black ; Ge
\Y hole | Particle Data Group, LBNL, © 2008. Supported by DOE and NSF V)
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