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

Where is the Dark matter?

The SM and Beyond
The problems of the SM:The problems of the SM:

The way beyond the SM:The way beyond the SM:

••  The SAME fields with NEW The SAME fields with NEW 
  interactions and NEW fields  interactions and NEW fields

GUT, SUSY, String, EDGUT, SUSY, String, ED

••  NEW fields with NEW NEW fields with NEW 
        interactions        interactions

Compositeness, Compositeness, TechnicolourTechnicolour,,
                                preonspreons



Unification ParadigmUnification Paradigm

• Unification of strong, weak and electromagnetic
interactions within Grand Unified Theories is the new
step in unification of all forces of  Nature
• Creation of a unified theory of everything based on
string paradigm  seems to be possible

  10!34 m

D=10

GUT







Inclusive Jet Production



Two-Particle Angular
Correlations



W & Z Boson Production



Electro-Weak PhysicsElectro-Weak Physics



Z->Z->mumumumu



WZ->e WZ->e nu mu munu mu muWZ! e"µµ



The Higgs BosonThe Higgs Boson



SM Fit to Precision EW Data

If it is there we may see it soon
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Lep2/Tevatron(1998)
Lep2/Tevatron(2006)
Lep2/Tevatron(2007)
LHC
ILC

Measurement of Мw and mt and
Comparison with SM and  MSSM



The SM versus MSSM

MSSM

Fit for the Higgs Boson Mass
SM



Search for Higgs Boson at LHC



Tevatron Tevatron Higgs SearchesHiggs Searches

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 



Modern Higgs Window

LEP II Tevatron

SUSY range

(Direct Search)



LHC Higgs SearchesLHC Higgs Searches

The first (negative) results from LHC at 35 pb^-1







What if no Higgs boson isWhat if no Higgs boson is
found?found?

• Two-Higgs Doublet Models
• Inert Higgs Model
• Little Higgs Models
• Twin Higgs Model
• Gauge-Higgs Unification Models
• Higgsless Models

Alrernative to the SM Higgs boson:

  Dynamical symmetry breaking without scalar fields



SupersymmetrySupersymmetry
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SUSY Generators

The only possible graded Lie algebra that mixes
integer and half-integer spins and changes statistics
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 MSUSY ! TeV

Why SUSYWhy SUSY  ??
Local gauge invariance !µ " Dµ = !µ + Aµ

Covariant derivative

Vector field

Local SUSY Local coordinate transf graviton

• Gauge coupling unification

 MSUSY ! TeV

Change of 
the slope at
the scale

  
xµ ! xµ + i"# µ$ % i$# µ" ,

Why Low-energy SUSY ?Why Low-energy SUSY ?

Maxwell ED

Einstein  GR



Why SUSYWhy SUSY  ??
Local gauge invariance !µ " Dµ = !µ + Aµ

Covariant derivative

Vector field

Local SUSY Local coordinate transf graviton

 MSUSY ! TeV

• Hierarchy problem
Mass stabilization

If  gMSUSY ! MW

  
xµ ! xµ + i"# µ$ % i$# µ" ,

Why Low-energy SUSY ?Why Low-energy SUSY ?

Maxwell ED

Einstein  GR



Simplest (N=1) SUSY Simplest (N=1) SUSY MultipletsMultiplets

( , )! " ( , )Aµ!

Bosons and Fermions come in pairs

   (g!,g)
Spin 0 Spin 1/2 Spin 1Spin 1/2 Spin 3/2 Spin 2



Particle Content of the MSSM
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Soft SUSY Breaking
Hidden
sectorMSSM

SUSY
                Messengers

Gravitons, gauge, gauginos, etc

   
!LSoft =  Mi"i

!
#
$ "i

! + m0i
2 | Ai

i
$ |2 + + A ijk

ijk
$ Ai Aj Ak + Bij Ai Aj

ij
$

scalar fieldsgauginos

Over 100 of free parameters !

Breaking via F and D terms in a hidden sector



MSSM Parameter Space

0 1/ 2 2 1,  ,  ,   tan /    and   A m M B v v! µ" =

m and in the SM!
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mSUGRA Universality hypothesis (gravity is colour and flavour blind):
Soft parameters are equal at Planck (GUT) scale

• Three gauge couplings
• Three (four) Yukawa matrices
• The  Higgs mixing parameter
• Soft SUSY breaking terms

Parameters

versus



SuperpartnersSuperpartners  ProductionProduction  at LHCat LHC

Annihilation

Quark- g
luon

 Fusion



Creation and Decay of Superpartners in
Cascade Processes @ LHC

2l,6j,ET

8j,ET

l,2j,ET

2l,2j,ET

Typical SUSY signature: Missing Energy and Transverse Momentum



l,2j,ET

2l,2j,ET

2l,6j,ET

4j,4l,ET

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

Background Processes of the SM
for creation of Superpartners



Cross-sections for SUSY creation
@ LHC



Creation of Gluino @ LHC

Signature:
4 b-jets + 4 muons + Et

miss

m0    = 1400 GeV
m1/2 =  180 GeV
A     =  0
sign(μ) = +1
tanβ = 50

Large!

σ≈13 pb 



Search for Gluinos and Stops



First SUSYFirst SUSY  results @ LHCresults @ LHC
Search for high-mass squark and gluino production in events 
with large missing transverse energy and two or more jets

Expanded the excluded range established during
The last 20 years (!) by factor of two with only 35 pb^-1



First SUSYFirst SUSY  results @ LHCresults @ LHC

Search for lepton + jets + missing transverse energy with 35 pb^-1



What if noWhat if no  SUSY is found?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 (tell me what is better)



B-physics/CPB-physics/CP









SpectroscopySpectroscopy





Di-Lepton Di-Lepton SpectraSpectra



Heavy ion collisionsHeavy ion collisions



Quark-Gluon Plasma @ LHCQuark-Gluon Plasma @ LHC

Elliptic flow      at 2.76 TeV compared with lower energies !2

! / s = h
4"kB

Liquid with minimal viscosity

First obtained from
AdS/CFT conjecture

Asimutal anisotropy in lead-lead collisions

The second Fourier coefficient of assymetry is elliptic flow !2



Search for 4-th generationSearch for 4-th generation
New  quark exclusion Higgs mass exclusion

144< Mh <207 Gev



Resonances and ExcitationsResonances and Excitations



Limits on ZLimits on Z’’,W,W’’ and G and GKK



Summary on Dijet SearchesSummary on Dijet Searches

All bounds moved
but nothing is seen !



Extra DimensionsExtra Dimensions



Virtual Gravity EffectsVirtual Gravity Effects



Diphoton Diphoton mass spectrummass spectrum



The Black HolesThe Black Holes



The Black HolesThe Black Holes



Limits on Black HolesLimits on Black Holes



The Dark MatterThe Dark Matter

The Dark Matter is made of:The Dark Matter is made of:
  Macro objects Macro objects –– Not seen Not seen
  New particles      New particles      –– right neutrino  right neutrino 
                                -                                 - neutralinoneutralino
                                                                - - sneutrinosneutrino
                                                                - - axion axion ((axinoaxino))
                                -                                 - gravitinogravitino
                                                                - heavy photon- heavy photon
                                - heavy pseudo-goldstone                                - heavy pseudo-goldstone
                                - light sterile                                 - light sterile higgshiggs

• Makes 23% of matter in the Universe



The DarkThe Dark  Matter @ LHCMatter @ LHC
• Not observed at accelerators yet
•  Should be created at LHC if it is WIMP

Signature: missing energy and momentum



ConclusionsConclusions

Used presentations by A.Shopper,  E.Nurse, P.Schieferdecker, G.Landsberg 

  First results of the LHC are promising

  Big hopes for the 2011-2012 run

  Higgs or no Higgs?

  SUSY or no SUSY?

  Extra D or no Extra D?

  Deviation from the SM or not?

  I am sure new physics is on agenda


