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A Decade of Discovery Past

[Z, ete™, pp, N, (g —2),, ...
[EW experiments]
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[mainly colliders]



Our Picture of Matter (the revolution just past)

quarks leptons
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The World's Most Powerful Microscopes

nanophysics

CERN's Large Hadron Collider, 7-TeV protons: ¢ — 10 km/h







nano

§8,27.28,
il

B
o

+

e

/

777 T sy :




Gauge symmetry
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Gauge symmetry
ete” — WTW~™

Massive weak
bosons:
Higgs boson
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The Importance of the |-TeV Scale

conditional upper bound

provided | My < (87v/2/3GF)"* =1 TeV




Precision Measurements Test the Theory ...

Ao (m,)  0.02758 +0.00035 0.02768 m

m, [GeV] 91.1875+0.0021 91.1875
r,[GeV]  2.4952+0.0023 24957 m
ol [Nbl  41.540+0.037  41.477 emmm—
R 20.767 £ 0.025  20.744

AY 0.01714 £ 0.00095 0.01645

A(P,) 0.1465+0.0032  0.1481

R, 0.21629 + 0.00066 0.21586

R, 0.1721 £0.0030  0.1722

A2° 0.0992 +0.0016  0.1038

AL 0.0707 £0.0035  0.0742

A, 0.923 + 0.020 0.935

A, 0.670 + 0.027 0.668
A(SLD) 0.1513+0.0021  0.1481
sin67(Q,) 0.2324+0.0012  0.2314 |-
m, [GeV]  80.398 £0.025  80.374
r,[GeV]  2.140 +0.060 2,091 -
m, [GeV] 170.9+ 1.8 171.3 m

LEP EWWG




Top Mass (GeV/c?)

. and determine unknown parameters
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Top Mass (GeV/c?)

. and determine unknown parameters
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Revolution:
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If electroweak symmetry were not hidden ...

no hydrogen atom

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



Searching for the mechanism of electroweak
symmetry breaking, we seek to understand



novel fundamental interaction

We do not know the nature of the new force.




novel fundamental interaction

We do not know the nature of the new force.




What is the nature of the mysterious new
force that hides electroweak symmetry?



Essential step toward understanding the new force
that shapes our world:

Finding the Higgs boson starts a new adventure!



Weekly Integrated Luminosity (pb™")
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What the LHC is not really for ...
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Revolution:

Varieties of matter

>
>
>

What makes a top quark a top quark,
an electron an electron, a neutrino a neutrino?
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Parameters of the Standard Model

arbitrary parameters



Mass / Weak Scale
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Neutrino Masses
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If dark matter interacts weakly ...

COSMOS

. its likely mass is 0.1 to | TeV: Fermi scale

N






Many extensions to EVV theory
entail dark matter candidates



Revolution:

The Unity of Quarks & Leptons

SR VARRVARR VARV,

USY estimates of proton lifetime ~ 5 x 10%* y

VoV



Evolution of the strong coupling “constant”
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Natural to neglect gravity in particle physics

But gravity is not always negligible ...

_ Mzv?
oo = 3

Mismatch by 54 orders of magnitude



Evidence that vacuum energy is present ...

A chronic dull headache for thirty years ...



How to separate EWV, higher scales!?

The peril of quantum corrections — hierarchy problem

5TeV



How to separate EWV, higher scales!?

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

composite Higgs boson
technicolor / topcolor

supersymmetry

why Mpianck » electroweak scale



Revolution:

VoV

\

string theory needs 9 or 10



Strength of Forces

I
IVlPIanck



[ IIIIII| ol IIIIII| ol IIIIII| LR
— -g—— Stanford Eégl_gl\?ED —
b Colorado i
X Eot-wash 2006
| S— IIIIIII | S IIIIIII Ll IIIIIII 1 1 1 1111l
(G 10 105 165 107

A [m]






Connections ...



In a2 decade or two, we can hope to ...

... and rewrite the textbooks!





