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The contents:
1. Basic features of the SM

- in prize of the SM

2. Three sectors of the SM
- gauge (force)
- matter
- symmetry breaking

3. Reasons for going BSM
- in the past
- today



1. The basic facts on







Physics beyond the SM
Low Energy Supersymmetry
Extra gauge bosons
Axions
Extra dimensions 
Deviation from Unitarity triangle
Modification of Newton law
Free quarks
New forces / particles
Violation of Baryon number
Violation of Lepton number
Monopoles
Violation of Lorentz invariance
Compositeness

Not found so far …

The list at 
ICHEP’06
(Kazakov)



CERN site



2. The ingredients of the SM

2.1 The force sector

2.2 The matter sector

2.3 The SB sector



2.1 The force (gauge) aspect

Gauge-theory prehistory (the point 
sources of the forces)
QED ideal
EW unification









Involved “old” principles



+ the local (gauge) symmetry



“non-Abelian QED”
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The electroweak unification



Generalises the Maxwell’s unification



Renormalizability
of the SM proven
by ‘t Hooft & 
Veltman







Global fit to ew precision data



2.2 The matter sector

New d.o.f.
Anomaly cancelation
Origin of texture



The quark-lepton spectrum



Quark mixing
Cabibbo-Kobayashi-Maskawa







SM charge content enabling anomaly cancellation



fortuitous anomaly cancellation



2.3 The symmetry breaking sector

The least constrained sector of SM
Vacuum stability vs. triviality
Hierarchy problem of scales



Higgs mass bounds (GeV)

lower >114
Non-

observation
at LEP

Upper <185
Global fit plot
(“blue-band”)



Theoretical bounds



Quant. Fluct. destabilise Higgs



fine-tuning keeps the Higgs light



Naturalness problem of the 
Higgs sector





3. Reasons for going BSM

3.1 Observational
3.2 Theoretical



3.1 Observational reasons 
to go BSM

New d.o.f. because of non-observations 
& Unitarity violations
Neutrino masses and the “New SM”
A tension when comparing to SM of 
cosmology



Unitarity violation & “the then BSM”







EW theory regulated by the 
weakly coupled Higgs



The pattern of neutrino masses and 
mixings call for an explanation

Various 
see-saw 
scenarios



Neutrino Oscilations & Mixing
(Pontecorvo-Maki-Nakagawa-Sakata)

LFV as first tangible BSM



& nothing is the same!



Cosmological
tension

Non-baryonic 
matter
BAU
SM Higgs can not 
provide the needed
inflation



3.2 Theoretical reasons 
to go BSM

Unification 
Flavour problem
Hierarchy problem



The BSM Routes

GUT chains
SuSy GUTs
AGUT (family replicated gauge group 
model - Bennett, Nielsen &IP PLB’88)
Lorentz noninvariance
H.B. Nielsen & collaborators, early 80’s
A. Kostelecky & collab.’s SME



Hierarchy & SuSy

Split-SuSy
Neutral Higgs
120-165 GeV



Little hierarchy & Little Higgs

Vector-like
T quark
(signal at LHC)



Multiple Point Principle

Froggatt & 
Nielsen, 

PLB’96
135±9 GeV/

173±5 GeV



From a tension to the synergy
of the PP & Cosmological SMs


