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Hierarhy Problem� Fat: Standard Model (= SM) of elementary par-tile physis is onformally invariant exept for treelevel mass term �m2�y� !masses for vetor bosons,quarks and leptons (via Brout-Englert-Higgs meh-anism).� Quantum orretions m2 � �2 ) why mH �MP?(with UV uto� � = sale of `new physis'){ explanation of hierarhy?{ stabilization of hierarhy?�Most popular proposal: SM �!MSSM or NMSSM:use supersymmetry to ontrol quantum orretionsvia anellation of quadrati divergenes )m2 � �2SUSY ln(�2=�2SUSY )



Coleman-Weinberg Mehanism (1973)� Idea: spontaneous breaking of onformal symmetryby quantum orretions =) small mass sales arisevia onformal anomaly and e�etive potential�'4 ! Ve�(') = �'4 + �2'464�2 �ln��'2v2 �� 12�� In its original form this proposal does not work:{ Higgs mass too small (� O(10GeV)), or{ Salar self-ouplings too large ! Landau poles[See e.g.: Sher, Phys.Rep.179(1989)273; Ford,Jones,Stephenson,Einhorn, Nul.Phys.B395(1993)17℄� Also, must aommodate:{ mH > 115GeV and mtop = 174GeV{ m� < 1 eV ! large intermediate sale?



Our Proposal [= hep-th/0612165℄

� Classial onformal symmetry (i.e. no tree levelmass terms) in SM� plus right-hiral neutrinos� plus enlarged salar setor: � and '� All mass sales from e�etive (CW) potential� all oupling onstants small and positive up to MPl� No large intermediate sales =){ no grand uni�ation (GUTs){ no new sales required to explain m� < 1 eV� No low energy SUSY



The Model� Start from onformally invariant (and therefore renor-malizable) Lagrangian L = Lkin + L0 with:L0 := ��Li�Y Eij Ej + �Qi���Y Dij Dj + �Qi���Y Uij U j ++�Li���Y �ij�jR + '�iTR CY Mij �jR + h::����14 (�y�)2��22 '2(�y�)� �34 '4

� Besides usual SU(2) doublet �: new salar �eld '(here taken to be real, but ould be omplex and innon-trivial representation of family symmetry)� No mass terms, all oupling onstants dimensionless� Y Uij , Y Eij , Y Mij real and diagonalY Dij , Y �ij omplex ! parametrize family mixing



E�etive Potential

Ve�(H;') = �1H44 + �2H2'22 + �3'44+ 3256�2(�1H2 + �2'2)2ln ��1H2 + �2'2v2 �

+ 164�2F 2+ln �F+v2 � + 164�2F 2�ln �F�v2 �� 632�2g4t (H2)2ln �H2v2 �� 132�2g4M'4ln �'2v2�g4M � TrY 4M , v dimensionful sale (onformal anomaly)Not inluded: ontributions from SU(2)w�U(1)Y gauge�elds (beause respetive gauge ouplings are small),nor from SU(3) (beause it is a two-loop e�et)Searh for minima: must perform numerial analysis!



NumerisChoie of parameters is strongly onstrained by ex-perimental data and RGE analysis ! `trial and error'method leads to following hoie of parameters�1 = 3:4 ; �2 = 2:6 ; �3 = 3:3 ; gt = 1 ; g2M = 0:4Minimum lies athHi = 0:415 � 10�5 v ; h'i = 2:506 � 10�5 vNormalize this by setting hHi = 174 GeV )H 0 = H os � + ' sin � ; '0 = �H sin � + ' os�mH 0 = 217 GeV; m'0 = 439 GeV; sin � = 0:119`Higgs mixing': only the omponents along H of themass eigenstates ouple to the usual SM partiles.NB: Not (yet?) a de�nitive predition.



Renormalization Group EquationsE�etive ouplings (� 4th derivatives at minimum):�e�1 = 1:463; �e�2 = 0:348; �e�3 = 0:626Withy1 = �e�14�2; y2 = �e�24�2; y3 = �e�34�2; x = g2t4�2; u = g2M4�2; z = �s�we get �dy1d� = 32y21 + 18y22 � 6x2;�dy2d� = 38y2(2y1 + y3 + 43y2);�dy3d� = 98y23 + 12y22 � u2; �dud� = 34u2�dxd� = 94x2 � 4xz; �dzd� = �72z2:



Evolution of Coupling Constants
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Evolution of Coupling Constants
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Evolution of Coupling Constants
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Phenomenology� New salar is a 'heavier brother' of the SM Higgs(the same BRs exept for the mass di�erene andlower ross setions) unique signature

H
b Z0

�b Z0 H � H
b Z0

�b Z0

a) b)



� if m� > 2mZ a lear signal in LHC� no other new partiles at LHC exept standard Higgsand a new salar (salars?)� if j sin(�)j < 0:1 then no ontradition with LEP pre-ision data



Disussion and outlook� onformal symmetry is a di�erent (muh simplerthan SUSY...) explanation of hierarhy of sales� SM with massive neutrinos and the new salar anbe viable up to the Plank sale so LHCmay see justthe SM Higgs and (several?) new salar partiles...� LHC will tell...


