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MSM ⇡ 100GeV

Standard Model 

• hierarchy of scales: 

vs 



�m2
h = O(�, g2, h2; new physics)⇤2

to keep the Higgs mass low
and to avoid unnatural cancellations

⇤ = ⇤NP ⇠ 1TeV



⇤NP

⇤NP > 1 � 3TeV

t̃L, t̃R, b̃L, H̃ light ⇠ 600� 700 GeVwith Mg̃ > 1.2TeV
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CURRENT LHC BOUNDS
ON NEW PHYSICS PROVIDING 

Extra dimensions:  ADD, RS, 
TC, Z’, W’

Supersymmetry: 

⇤NP ⇠ 1 TeV mass splitting 
in the smultiplets

But: 



M > 5 TeV
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Dimensional transmutation 
as the origin of mass scales

with scale invariance
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Coupling to the gauge bosons

different from 

coupling to fermion arises through 



⇤UV = M - heavy particles

Stability wrt s means stability wrt UV cut-o↵ scale M
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Models with a modulus



b1 ! b2 means s ! s+ �

quartic ZZs
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Supersymmetric version



approximate symmetry broken by ⇤
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Solutions in non-supersymmetric models



one finds b = 2a2, c = a and

11

Higher dimension operators



Pseudogoldstone (warm) inflation:

M4 f(s, T )
⇣
1� cos(

G
f(T ) )

⌘
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Inflation from a modulus/UV cut-off

This simple structure insufficient to generate inflation along s

Ways out:

New moduli via threshold corrections/phase transitions



⇤ = Me�
s

bM

✓
M

m

◆(b0�b)/b

If at the scale m some states become heavy/light and b ! b0

m = ↵+ �z (in SUSY �W = (↵+ �z)  )
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and 



Details of a supersymmetric model



V(θ) 
θ 

Solution





Comments on susy case: 

Topological trapping may still work, but probability of 
populating finite vacuum reduced

Produce gravitino mass somewhere else

Δ

s
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Nearly scale invariant SM

scale invariance
broken by the dilaton 
kinetic term 

But:

In SM
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Improvement

additional breaking of scale invariance

this results in an acceptable solution 

tuning



for T > Tc
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Temperature corrections

Dilaton trapped and driven to the proper low-energy vacuum  



Summary

• One needs to understand generation of mass scales hierarchically 
smaller than the Planck scale - even in supersymmetry one needs to 
generate a relatively small scale at rather high energies 

• Dimensional transmutaion in strongly coupled gauge theories is a 
reliable source of hierarchically small scales, with or without 
supersymmetry

• Dynamical scales may depend on moduli, which mix with „standard” 
degrees of freedom

• Some eigenstates of the complete mass matrix may be light or very 
light and/or  may have phenomenological or cosmological 
consequences

• Supersymmetric or nonsupersymmetric moduli associated with 
dynamical mass scales may provide a natural source of cosmological 
inflation

• Thermal trapping of the modulus at high temperature 


