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Solutions?

� GUT

� SU(5), SO(10) – solve number of problems

� In contradiction with experimental data

� Froggatt– Nielsen scenario

� Additional flavor U(1) symmetry 

� An attempt to solve the problem with fermion masses and mixings

� Fine tuning puzzle

� More – later

� Strong CP-problem

� Axion solution

� Technicolor

� Quark condensate

SUSY

but before …
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The root of the problems

� Let us start with Quantum Field Theory

� definition of observable

� description of the interactions

� description of the fundamental particles

� way the constants are not constants?

� The masses

� what is a mass

� how to solve the problem
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Observables

� Two definitions

� system with coordinates and moments qα and pβ

phase space {qα,, pβ } = M

Constraints φa (qα,, pβ ) = 0   � Mph

� Dirac – f(qα,, pβ ) is observable if

{f(qα,, pβ ) , φa (qα,, pβ )} =0 holds on Mph

� In the gauge theories

f(qα,, pβ ) is observable if gauge invariant – holds on M

� Equivalence

� From gauge invariance follows Dirac definition

� From Dirac definition � gauge invariant only on Mph

� In QFT – gauge invariance – probably too strong?!

ΜΜΜΜ

ΜΜΜΜph

φφφφa ((((qαααα,, ,, ,, ,, pββββ ) = 0) = 0) = 0) = 0
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Gauge fields
• In the SM – gauge fields – spin 1, 

mA =0 � two degrees of freedom

Vector field – 4 degrees of freedom

• 1 degree – equation of motion 

for A0 there is no dynamics –

exclude from equation of motion

• Gauge fixing

• group orbits  {g}Aµ(x)  

for abelian group – no problem

for non-abelian group – Gribov’s ambiguity

θ-vacuum – strong CP – violation

• A is not gauge invariant not observable

for example Atr diA
i =0

ΑΑΑΑµµµµ ((((x)                                        )                                        )                                        )                                        

gauge orbits

gauge fixing

ΑΑΑΑtr
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Fundamental particles

• Spin ½ - spinor fields ψ(x)

• Real observable particles carry corresponding charges (electric, colour etc)

• They exit with corresponding fields surrounding them    

• In QFT – naked fermions – with charges but without fields 

Ψ’(x) = exp( -iεa.J
a). ψ(x)  - non observable

• Constants – α, m  etc corresponds to naked particles

• The field around the fermions should be taken into account somehow

• The renormalization  - the effective way to come to observable physical quantities 

� α(Q2) – takes into account the vacuum polarization (seen by the test particle)

• m(Q2) – takes into account that the full energy is the energy of naked particle + the 

gauge field energy 

The constants are not more constants!
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Masses
� What is a mass?

� This physical variable is well defined only in 4D space-time

� The mass is the aigenvalue of the Casimir operator P2 = m2

of the Poinkare group.

� Generaly speaking – the mass and energy (and energy conservation) are 
something very specific for 4 – dimensional homogeneous and isotropic 
space-time (Minkowski space-time)

� If the space – time is with D > 4 , than the mass end the energy are not 
well defined variables

� The space-time symmetry group is different � the Casimir operators 
and conservation lows are different

� All problems in the SM are connected in one or another way with particle 
masses  (Higgs mechanism, Yukawa couplings)
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Гравитация – свойства на пространство - времето
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Interactions unification
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SUPERSYMMETRY
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SUSY

We are looking for non trivial unification of internal and space-time symmetries

If P is the Space-time group of symmetry

And  G is the internal symmetry group 

Coulmen - Mandela No-go theorem

If P and G are Li groups, it is not possible to find group GP, for which has G ⊂ GP and P 
⊂ GP different from G ⊗ P

i.e. trivial unification

The way out – use something which is not a Li group ?!

Haag – lopushanski - Sohnius

[ ] 0, =PP ba
[ ] ( )PPJP baccabbca ηη −=,

[ ] ( )JJJJJJ adbcbcadacbdbdaccdab ηηηη −−+−=,

[ ] TfTT trstsr
=,
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The fine tuning problem
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Supersymmetry
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SUSY SM
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