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HEP is entering a golden era

The exciting “coincidence™:

The talk is a broad-brush one.
More details in Parallels Sessions:
Morning of Feb.5.
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1. The elegant Standard Model
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Three Generations of Matter
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The “strong force” becomes weaker
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e Asymptotic freedom
Predictivity; “Higher” energy physics;
Unification; The Early Universe
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Toward a Fundamental Theory/Symmetry:
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Neutral and Charged currents
unify at 100 GeV
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2. The Terascale Physics:
(A). Mass Quest:
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QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.




Or otherwise:
Partial-wave unitarity (prmbability CGHSEI’UHHDH) demands:

my, or alike < O(1 TeV).

because:

Consider the massive gauge boson scattering:

W W 1
}{ ?} ” Zi
W W T

E < my E = my

EZ2. /v? no light Higgs,
J"VI{_H_J.'JH_J.'J — H_J.'JH_J{L:} SR

m7/v?  with a SM Higgs.



Tevatron/LHC Energies

—

GUT Planck

1016 10'° GeV

3/23/2007




Cancellation Mechanisms 7
Super-symmetry (SUSY) (symmetry between opposite spin & statistics)
Natural cancellations: t versus t
W versus W

H versus H
H,; versus Hy,
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| | \ A
Am2 ~ (M2 a0 — M2,,) ——=1n —)
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Weak scale SUSY is natural if Mqpgy ~ O (1 TeV).

The Little Higgs idea — Strongly interacting dynamics:
An alternative way to keep H light (naturally).
Again, predicting new states:

W+ Z B~ Wi Zy, By, t—T;, H— &

(cancellation among same spin states!)

Natural EW theory predicts TeV scale new physics!
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(MDY The
(D). |

stars baryon neutrinos

e \What is Dark Matter? EGEEE
e No candidate in the

Standard Model
e What is Dark Energy? ‘

e SM can’t explain this either

Natura DM candidates: WIMPs

Terascale (neutral stable) particles
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Elzctromagnetic Force

1« THE TERASCALE

ELECTROWEAK UMIFICATION

Weak Nuclear Farce
T~ L3t GRAND UMIFICATION
Strong Muclear Force
G PLANCH BIG BANG
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3. Major Discoveries Ahead
--- Collider experiments

High energy;
High luminosity;
Multi-channels;
Strong force;

Precision physics;
Clean experiments;
Beam polarization;
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The Higgs

1 H — vy
[Ldt=30f = ttH(H — bb)

(no K-factors) A H 5 277 S 41

ATLAS H -» WW" 5 vy
qqgH — qq Ww"
qqH — qq7tt

LHC will discover
SM Higgs boson if it
exists

Signal significance

Total significance

Sensitive to m,, from | /\7
- il

Higgs signal in just a
few channels
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uickTime™ and a

Q
e mass for W,Z? TIEE (L2 decompressor

e mass for fermions?

e Higgs its own
mass?
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Linear collider can
changeinitial state
energy to do energy
scans
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Very hard to do at the LHC
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Answer to (B):
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If there, discovery of SUSY
signal is not TOO hard.

Untangling spectrum is
difficult = all particles
produced together:

“Inclusive signatures”.

May learn SUSY mass
differences from complex
decay chains:

How to “Invert the signal?”
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Consistency check for GUTSs
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Answer to (D)

Production of particle

e \WWe'd like to detect dark matter in the lab
e To show they’re in the galactic halo ...

e And to produce them at an accelerator
e To measure their properties ...

WIMP: Weakly Interacting
Massive Particle

candidate
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If LSPisdark matter, LHC and LC

will complement the direct DM searches:

Dark Matter Mazs {TelV}
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This has covered a lot!

The more observed at the LHC,
the more exciting the ILC would be!

However, | don’t pretend to know
What exactly the LHC will find ...




Indirect searches:
Example I: ttZ coupling

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.




Z\W) decompressor

tn aan thic mintiiea
W ST uIsS pivwice.

uickTime™ and a
LZW) decompressor
ded to see this picture.




Indirect Searches:
ontact Interactions

Sensitity to

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture




Indirect Searches:

Example IV:

Anomalous WW
couplings

QuickTime™ and a
. . TIFF (LZW) decompressor
QUICkTImeTM and a are needed to see this picture.

TIFF (LZW) decompressor
are needed to see this picture.
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