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Terra Incognita

• Local renormalizable QFT  
(generalization of the SM)

✓ Two-Hi"s doublet model, ...
✓ MSSM, NMSSM, RMSSM, ...
✓ Technicolor Model, ...
✓ Extra Symmetries, U’(1), SU’(2), ...
✓ GUTs
✓ ? ...

• Radical change of paradigm 
(non-standard  approach)

✓ Extra dimensions, ...
✓ Strings,  ...
✓ Branes, ...
✓ Non-renormalizable interactions, ...
✓ Effective theories, ...
✓ ? ...

/
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• Inconsistency at high energies due to Landau poles
• Large number of free parameters ~ 30
• Still unclear mechanism of EW symmetry breaking
• CP-violation is not understood
• The origin of the mass spectrum  in unclear
• Flavour mixing and the number of generations is arbitrary
• Formal unification of strong and electroweak interactions

Where is th
e Dark matter?

The SM and Beyond
The problems of the SM:

The way beyond the SM:

•   The SAME fields with NEW 
  interactions and NEW fields GUT, SUSY, String, ED

•  NEW fields with NEW 
        interactions

Compositeness, 
Technicolor, preons
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Advantage of the Standard 
approach

• Solid QFT background (UV, IR divergences are 
under control)
• Causality, Unitarity of the S-matrix are guaranteed
• Dimensionless couplings =>  calculable Rad Corr

No rising x-sectionslog
Q2

M2
if Q2 > M2

Q2

M2
if Q2 < M2 Th Ex
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When enchancement is 
possible?

• Resonance (Z-peak at LEP, Hi"s boson peak, etc 
in s-channel)
• Parameter dependence (tanβ in MSSM, ...)
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• However, one would not expect                     terms, 
only               due to decoupling of heavy particles, 
unless  one has 

M2
new

M2
SMM2

SM

M2
new

log
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new

M2
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Example of tan β enhancement 
in MSSM
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•                Decayb → sγ

•                      Decayb → µ+µ−
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Conclusion for the LHC
• Be ready for sma) effects => high resolution, high statistics
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1. Proton decay - Unfortunately not seen (SuperK)
2. Violation of baryon, lepton numbers - possible in 
GUTs but are ∼ 1/M2

GUT

• Look for effects that are forbidden in the SM but a)owed 
albeit sma) in BSM

This is the main stream and our best hope for NP !

3. Violation of CP, CPT, ...
4. Violation of Lorenz invariance, electric charge, ..
(not in the Standard approach)
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Astrophysics & Particle Physics
• Common view on the Universe
• But ... many problems of astrophysical nature
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What is the impact on Particle physics *om Astrophysics today?
• CP is crucial for the Baryon assymetry of the Universe,
but the SM does not provide enough of CP - might be a problem

Signature: missing energy and momentum

•Dark matter if explained by WIMPs should be detected in direct and  
indirect searches and at the LHC
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The Higgs Boson
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The SM versus MSSM

MSSM

Fit for the Higgs Boson Mass
SM

Fit of the Electro-weak data

10

SM MSSM

165

This is a model dependent analysis
A Hi"s boson might be elesewhere
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Measurement of Мw and mt and  
comparison with SM and  MSSM 
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Lep2/Tevatron(1998)
Lep2/Tevatron(2006)
Lep2/Tevatron(2007)
LHC
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Tevatron searches for Higgs
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Tevatron seems to exclude the region 158< mH <175 GeV,
However large uncertainties in the calculation of the SM 
background does not allow to make definite statements 

LEP II Tevatron

SUSY range
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Hunt for the Higgs Boson
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The  promissed 1 !   might
 give a hint but is not enough

-1

3 or 5 !  might give the positive answer 
but 115-120 GeV region is hard

-1
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What if no Higgs boson is 
found?

• Two-Hi"s Doublet Models
• Inert Hi"s Model
• Little Hi"s Models
• Twin Hi"s Model
• Gauge-Hi"s Unification Models
• Hi"sless Models

Alrernative to the SM Hi"s boson:

  Dynamical symmetry breaking without scalar fields
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Supersymmetry
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Why SUSY ?
Local gauge invariance

Covariant derivative

Vector field

Local SUSY Local coordinate transf graviton

• Gauge coupling unification

 MSUSY  TeV

Change of 
the slope at
the scale

  
xµ → xµ + iθσ µξ − iξσ µθ ,

Why Low-energy SUSY ?

Maxwe) ED

Einstein  GR

∂µ → Dµ = ∂µ +Aµ

MSUSY ∼ TeV
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Why SUSY?
Local gauge invariance

Covariant derivative

Vector field

Local SUSY Local coordinate transf graviton

 MSUSY  TeV

• Hierarchy problem Mass stabilization
if 

  
xµ → xµ + iθσ µξ − iξσ µθ ,

Why Low-energy SUSY ?

Maxwe) ED

Einstein  GR

∂µ → Dµ = ∂µ +Aµ

gMSUSY ∼ MW
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Particle Content of the MSSM

sleptons leptons

squarks quarks

Higgses { higgsinos {
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The role of background
Search for superpartners within the MSSM
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Typical SUSY signature: Missing Energy and Transverse Momentum
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The role of background
Search for superpartners within the MSSM

20

w
e

a
k

 in
t's

s
tro

n
g

 in
t's

The x-sections are usually smaller than for creation of  SUSY

l,2j,ET

2l,2j,ET

2l,6j,ET

4j,4l,ET
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Search for SUSY @ LHC 
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Search for high-mass squark and 
gluino production in events 
with large missing transverse 
energy and two or more jets

• Too many (ee parameters in SUSY 
breaking part
• So far SUSY passes a) consistency tests 
• A) analyses are model dependent

Noticable progress   a*er Tevatron
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What if no SUSY is found?
 Very exotic scenario is realized (doubtful)
 Susy threashold is above few TeV
(no gauge coupling unification, hierarchy problem
     needs fine-tuning)
 Susy breaking pattern has to be changed 
(most questionable part of the MSSM)

 MSSM is not the right model (what else?)

 Susy is not the right way (te) me what is better)
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Extra D
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Do we live in multi-D world? 
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• Low scale gravity
• Infinite tower of new states
• Graviton emission and graviton exchange
• ADD model: high multilpicity => rising x-secion
• RS model => resonance production 

• Is it rea)y probable?   Why not?  Strings ...
• Is there anything  special at TeV scale?  No 

Signatures:
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Search for extra D signals
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Conclusions
  First results of the LHC are promising
  Big hopes for the 2011-2012 run

  Hi"s or no Hi"s?

  SUSY or no SUSY?

  Extra D or no Extra D?

  Deviation *om the SM or not?

  I am sure new physics is on agenda
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