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The SM  and Beyond
The problems of the SM :

Inconsistency at high energies due to Landau pole 
 Formal unification of strong and electroweak interactions 
 CP-violation is not understood (strong CP-violation?) 
 The origin of the mass spectrum is unclear 
 Flavour mixing and the number of generations is arbitrary 
 Instability of the EW vacuum 
Absence of feasible DM particle, Baryo- and Lepto-Genesis
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The Higgs boson (still problem #1) 

¥ Quantum numbers, mass/coupling ratio 
¥ Second light Higgs boson 
¥ Heavy neutral Higgs boson 
¥ Heavy charged Higgs boson

The task of vital importance.  
May require the electron-positron collider

The Higgs boson

Is it the SM Higgs boson or not?
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! Low Energy Supersymmetry 
! Extra gauge bosons 
! Free quarks 
! Axions 
! Monopoles 
! Violation of Baryon number 
! Violation of Lepton number 
! Violation of Lorentz invariance 
! Extra dimensions  
! Modification of Newton law 
! GUTs 
! String/Brane World 
! Compositeness

Not found so far É
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GUT

Unification paradigm

¥ Unification of strong, weak and electromagnetic 
interactions within Grand Unified Theories is a new step in 
unification of all forces of Nature 

¥ Creation of a unified theory of everything based on string 
paradigm seems to be possibleD=10

10     cm
-34
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Motivation for SUSY in particles physics
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings
The basis of a grand 

Unified Theory

8

Motivation for SUSY in particles physics



Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

Cancellations of 
corrections and 

stabilization of the 
Higgs potential
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation

Violation of symmetry comes from radiative corrections
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Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation

 Provided the DM particle

   !
! 0

= N1"
" + N2 z" + N3H! 1

0

+ N4 H! 2

0

Neutralino
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 Unification with gravity!

Why SUSY?

Supersymmetry is a dream of a unified theory of all particles and interactions

 Unification of the gauge couplings

 Solution of the hierarchy problem 

 Explanation of the EW symmetry violation

 Provided the DM particle

{ , } 2 ( )    { , } 2( )

( )  local coordinate transf.  (super)gravity

ji ijQ Q P P

x

µ µ
! µ " " µ# ! #$ % $ $ "% "

" "

= & =

= &

! !

Local supersymmetry =  general relativity ! 

8

Motivation for SUSY in particles physics
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SUSY Models and Signatures T.Hebbeker

might be light

Mirage unification
decay inside detector
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SUSY Models and Signatures T.Hebbeker

might be light

Mirage unification
decay inside detector

 

NMSSM=MSSM+Singlet 3 light Higgses around 125 GeV 
Heavy Higgs decay H->h1h2

9
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LHC reach at 7 and 14 TeV



Energy is more important than luminosity
10

LHC reach at 7 and 14 TeV



Energy is more important than luminosity
10

LHC reach at 7 and 14 TeV

Next run of the LHC will be crucial 
for low energy SUSY construction
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Predictions 
J.Bagger @ SUSY 2000 CERN
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String Theory

Heterotic string

gravity + gauge kinetic terms[47]
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¥ Theoretically most attra
ctive fra

mework 

¥ Part o
f th

e unific
ation paradigm  

¥ Main motivation for extra D
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String Theory

Higgs from untwisted sector => gauge-Higgs uniÞcation

! top = gGUT => mtop ! IR Þxed point" 170 GeV

Yukawa couplings: hierarchies à le Froggatt-Nielsen

discrete symmetries => couplings allowed with powers of a singlet Þeld

! n ! ! n #! $ ! 0.1Ms % hierarchies

A single anomalousU(1) => #! $ &= 0 to cancel the FI D-term

D-term is shifted toD + Tr Q
192! 2 g2

H [65]

R-neutrinos: natural framework for see-saw mechanism

#h$" L" R + M" R" R #h$= v << M => mR ! M ; mL ! v2/ M

proton decay: problematic dim-5 operators

in general need suppression higher thanMs or small couplings

SUSY/ in a hidden sector from the otherE8 % gravity mediation
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¥ Potentially answering many questions 

¥ Requires SUSY for stabilization  

¥ Diffic
ult to

 get lo
w-energy outputs
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Extra space-time dimensions
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Phenomenology of extra D

Accelerator signatures

¥ Gravitational radiation in the bulk => 
missing energy  

Present LHC bounds                  TeV 
¥ Massive string vibrations => 

resonances in dijet distribution 

¥ Higher spin excitations of quarks and 
gluons with strong interaction 

present LHC limits               TeV 
¥ Large TeV dimensions => KK 

resonances of SM gauge bosons 

experimental limits 
                               TeV

M ! ! 3 " 5

M 2
j = M 2

0 + M 2
s j

Ms � 5

M k = M 2
0 + r 2/R 2, k = 1 , 2, ...

R�1 ! 0.5 " 4
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Vast phenomenology but no  

indication so far
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WIMP GRAVITINO AXION
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! New particles Ð right neutrino  
                       - axion (axino)  
                       - neutralino  
                       - sneutrino  
                       - gravitino  
                       - heavy photon  
                       - heavy pseudo-goldstone  
                       - light sterile higgs

mSUGRA

Not from the SM

not favorable but possible

might be invisible (?)

detectable in 3 spheres

less theory favorable

might be undetectable (?)

possible, but not 
related to the 
other models
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