The Coming Revolutions in Particle Physics
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A Decade of Discovery Past

(dark)






To explain a complicated visible by a simple invisible







Great Lesson of XX™ Century Science









The World's Most Powerful Microscopes

nanophysics
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Accelerators as time machines ...



Our Picture of Matter (the revolution just past)
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Louis Sullivan, architect (1896)
Form follows function



Interactions follow from symmetry



Quantum chromodynamics

(QCD):
Symmetry among quarks
red, S

Electroweak theory:
family symmetry
ued;Vee;...

(hidden)

A symmetry among quarks and leptons ...
.. would have to be a hidden symmetry



Symmetry of laws % symmetry of outcomes






A mysterious new force
hides electroweak symmetry



Revolution:

VoV

\

Imagine a world without a Higgs mechanism



If electroweak symmetry were not hidden ...

no hydrogen atom

... Character of the physical world
would be profoundly changed



Searching for the agent provocateur
of electroweak symmetry breaking



Thought experiment
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ATLAS



ATLAS



What the LHC is not really for ...
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Ferpetudl Symmetry
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Froduced By
areth Young
and Higgs Boson

B 1995 Higgs Boson
& 1295 Higgs Bosen

Cistributed By Brio husic
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If dark matter interacts weakly ...

COSMOS

. its likely mass is 0.1 to | TeV:

N



Dark matter relics of the big bang!?



The peril of quantum corrections — hierarchy problem

2 TM
1.5 L1
1 L 05@
0.5 &

o =

-05

-1




How to separate electroweak, higher scales!?

Traditional: change electroweak theory to understand
why My, electroweak scale € Mpianck

composite Higgs boson
technicolor / topcolor

supersymmetry

why Mpianck » electroweak scale



Strength of Forces
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Anomalous Coupling
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A Chronic Dull Headache ...
... for thirty years



Revolution: the meaning of identity

key to matter excess in Universe?

dark matter, superpartners, ...



KATRIN aims at 0.2 eV



Revolution:
Unity of Quarks & Leptons

proton decay!



Connections ...






“It was as if, suddenly, we had
broken into a walled orchard,
where protected trees had
flourished and all kinds of
exotic fruits had ripened in
great profusion.”

— Cecil Powell
[ 950 Nobel Prize
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