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Motion of air atom
E=0.04eV

Chemical reactions/atom
E=1toafeweV

Nuclear reactions/atom
E = Millions of eV (MeV)

Energy E=mc? of proton
E ~ 1 Billion eV(GeV)
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History of the Universe
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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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Nambu-Goldstone boson
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Massless NG boson
Massive scalar boson
Jeffrey ( )

Golastone Goldstone, Salam, Weinberg ( )
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Francois Englert

Peter W. Higgs

‘for the theoretical discovery of a
mechanism that contributes to
our understanding of the origin
of mass-of subatomic-particles;,
and which recently was
confirmed. through the discovery
of the predicted fundamental
particle, by the ATLAS and CMS
experiments at CERN's Large
Hadron Collider’
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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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Largest cryogenic
system in the world

= Air pressure (inside two 16 mile-long vacuum pipes)
= |ower than onthe moon!

= Magnets cooled by 100 metric tons of superfluid helium
= (Colder than outer space!
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Muon detectors

Hadron calorimeter

Crystal Electromagnetic
calorimeter

4 Tesla
Solenoid

All Silicon Strip
Tracker

Silicon
Pixels
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Techniques:
Cryogenic (Ge, Si etc.)
Solid Scintillator (Nal, Csl)
Noble Liquids (LXe, LAr)
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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 ‘

GUT point
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The known world of The hypothetical world of
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