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Plan of the talk:Plan of the talk:

 Hierarchy problem as a guide to new physics

 Scale invariance and quadratic divergences

 Simple ÔrealisticÕ model

 Inclusion of gravity

 Conclusion
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Hierarchy problemHierarchy problem

 Spontaneous electroweak symmetry breaking: very important theoretical

ingredient of the Standard Model (describes the origin of mass) ; has not been

established yet experimentally (LHC experiments)

 Brout-Englert-Higgs mechanism:

 Why is                        =  e.g.  MPlanck ?

Energy (GeV)

1019 Planck
1016 GUT

108 Neut rino

103 Fermi



Miami, Dec 2007 A. Kobakhidze (U. of Melbourne) 4

Hierarchy problem and new physicsHierarchy problem and new physics

 Quantum corrections :

    Experiments ( LEP/SLC ):

          incompatible with indirect experimental bounds,                         !

 Supersymmetry :

 MSSM with softly broken SUSY

 Little hierarchy problem - Little Higgs, Fat Higgs, no-Higgs, etcÉ
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Scale invariance and quadratic divergencesScale invariance and quadratic divergences

 Let us set µ2 = 0 . SM (bare) Lagrangian is invariant under the global
scale transformations

 Scale invariance is anomalous symmetry. The mass scale is
generated quantum mechanically (dimensional transmutation)!
(Coleman & Weinberg)

 Extend the bosonic sector !

 NO quadratic dicergences in scale invariant theories !
(Bardeen; Frampton & Vafa; Hill; Meissner & Nicolai;
Foot, Kobakhidze, Volkas)
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Next-to-minimal Standard ModelNext-to-minimal Standard Model
(R. Foot, A.K., R.R. Volkas, Phys. Lett. B 655,156-161,2007)

 Add extra sterile real scalar boson S(x):

 Quantum corrections:

 Approximate minimization (Gildener & Weinberg)
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Next-to-minimal Standard ModelNext-to-minimal Standard Model

 Stationary conditions:

Solution A:

 Solution B:

 Tree-level masses: A:

     B:
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Next-to-minimal Standard ModelNext-to-minimal Standard Model

 1-loop corrections:

 Fixing the VEV:

 The PGB mass:
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Next-to-minimal Standard ModelNext-to-minimal Standard Model

 Landau pole:

 Little hierarchy problem (LEP paradox) is solved without invoking
SUSY or other exotics

 Further extension of the scalar sector motivated by e.g. dark matter
and/or neutrino masses (R. Foot, A.K., K.L. Mcdonald, R.R. Volkas,
Phys. Rev. D 76,075014,2007) can push the Landau pole above the
Planck scale,



Miami, Dec 2007 A. Kobakhidze (U. of Melbourne) 10

Planck/Fermi hierarchyPlanck/Fermi hierarchy
(R. Foot, A.K., K.L. Mcdonald, R.R. Volkas, 0709.2750 [hep-ph])

 Classical world is scale invariant. Mass is originated from quantum
fluctuations.

 Can we generate Planck and Fermi scales simultaneously?

 Simple model again:
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Planck/Fermi hierarchyPlanck/Fermi hierarchy

 Higgs mass   - 

 Dilaton mass -

 In extended versions:

 Tree-level coupling of the dilaton to matter vanishes:
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Planck/Fermi hierarchyPlanck/Fermi hierarchy

 Coupling to the anomalous trace of matter energy-momentum tensor:

(Shifman,Vainstein & Zakharov)

 Experiments on 1/r Newton law

    No restrictions on
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Planck/Fermi hierarchyPlanck/Fermi hierarchy

 Cosmological constant is finite.

Perturbative vacuum energy:

Nonperturbative vacuum energy:

 Some other nonperturbative contribution from a hidden sector ?

 IR screening of the CC ?
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ConclusionConclusion

 Scale invariance: all mass scales have purely quantum mechanical
origin.

Suggestive example:

 Very simple models with classical scale invariance are capable to
resolve the LEP paradox without invoking supersymmetry and/or other
exotics. Their predictions are testable at LHC and/or future linear
collider

 Planck/Fermi hierarchy can also be realized in a technically natural
way.

 Classical scale invariance is a viable alternative to low-energy softly
broken supersymmetry.


