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Experimental Test
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JUil ek Tested at quantum level.

Extremely well supported by data. Allows predicition of Higgs mass.

Shortcomings of the Standard Model

Observations

* Neutrino masses and mixing
» Baryogenesis (matter anti-matter symmetry)

» Dark matter, dark energy

Conceptual problems

* Quadratic divergences in Higgs mass correction (fine tuning)
+ Origin of generations

» Explanation of masses

 Origin of gauge symmetries / quantum numbers

+ Unification with gravity




article Physi\cnsts’ 21st (,]entury theg ok
1. Are there undiscovered principles of nature:}
New symmetries, new physical laws?
. How can we solve the mystery of dark energy?
. Are there extra dimensions of space?
. Do all the forces become one?
. Why are there so many kinds of particles?
. What is dark matter?
How can we make it in the laboratory?®
. What are neutrinos telling us?
. How did the universe come to be?
What happened to the antjmatter?

Excited Leptons

Three Fermion generations and mass hierarchy ?

1 1

Possible explanation: Fermion substructure:
new constituents stronly
bound together

m) Excited states of the non
leptons/quarks




Higgs Searches

Does the scalar Higgs really exists ?

Standard Model: Minimal Super Symmetric Model:
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Supersymmetry

sParticle spectra
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Search for Missing Energy
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very generic New Physics signature

SUSY cascade decays end w/ LSP

F

Lepton Flavor Violation p—ey

Standard model process: Effect of neutrino mass is
: “GIM suppressed” by a factor
Ly of (Am,2/M,2)?:
: W BR(u—ey) ~ 10%°
4
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New Physics scenarios predict Current limits
larger BR for LFV decays:
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Rare B Meson Decays

CP violation as probe for New Physics
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Standard Model New Physics (e.g. SUSY)
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Acp (t) = sin2B sin(Amt) Acp (t) = sin2B4Sin(Amt)

sin(2p) = sin(2peff) ??

Electric Dipol Moment

EDM searches = ,poor man‘s high energy physics® (S. Lamoreaux)

Neutron EDM:

Standard Model 2 SUSY models
v = E-field
Dimensionless

coupling T-violating

constant ™ phase
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X = new heavy particle

(d, )gyy ~10%%e.cm (d, )susy ~10%e.cm




Axions — Solution the Strong CP Problem

Strong CP problem: Why QCD does not violate CP ?

- Solution: Pseudo-Scalar Field = Axion

(Excellent dark

If axions exist they can be matter candidate)

copiously produced in the sun
and play an important role in
stellar evolution:

CAST, LHC Point 8 (LHCb)
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Detection on earth #=§'vw 7 B
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Mini-Black Holes

Proton Energy to form a Mini-Black hole: Mg, = 10'°GeV

M 1

Planck = ﬁ

Extra dimensions:

Gravity may be strong, but appear
weak, because it is leaking into extra
dimensions.

== | arger effective coupling constant G:

M —1 becomes smaller
Planck ’
VG
1
In addition : R. ~ 1 (%jAn
. f . s~
Schwarzschild radius decreases: Mpianck \ Mpianck

‘ Formation of mini-black holes possible




Topics & Schedule

Oct 25t Excited Electrons at HERA
Nov 8 Standard Model Higgs search
Nov 15t MSSM Higgs search

Nov 22nd SUSY Search at the Tevatron

5.) Search for Lepton Flavor Violation (MEGA Results)
6.) Rare Heavy Meson Decays

7.) Electroweak Measurements (sin_theta_ W)

8.) Electric Dipole Moments

9.) Mini Black Holes at ATLAS

10.) Axion search (CAST)




