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Why inflation?

• The horizon problem 
• The flatness problem 
• To provide the origin of initial fluctuations 
• The magnetic monopole problem 
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Why scale invariance (SI) ?

• To maintain the flatness of the inflaton potential, we need 
fine-tuning  
The SI solution: 
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A generic SI model has a direction in field space 
that is flat in the classical limit, and then lifted by 
quantum corrections.



The set-up of the model
• The action of a Wilsonian EFT: an extended SM coupled to gravity at 

scale Λ.  

• The scalar potential: a generic polynomial in set of N scalar field (inc. 
Higgs) respecting relevant symmetries. 

• SI is broken by Λ, the Einstein-Hilbert term, and any dimensionful 
couplings.  
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The set-up of the model
• Suppose the underlying theory exhibits SI, broken at some high scale f, 

the dilaton decay constant.  

• The breaking lead to a pGB Χ, the “dilaton”, showing up at low scale. 

• We incorporate Χ by rescaling the dimensionful parameters with powers 
of Χ/f equal to their mass dimensions. 

• The resultant action is manifestly scale invariant.  
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The set-up of the model

• Assume that the θ fields are relaxed in their stable (or sufficiently long-lived) 
minimum at the early stage of the universe, ζ and σ are just functions of those.  

• We get an effective single-field model with a quartic potential and non-minimal 
coupling, but without the standard Einstein- Hilbert term.
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• We introduce the hyper spherical representation for the scalar fields.



The 1-loop corrections
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• The classical potential is SI, ρ represents a flat direction, i.e. the 
potential is constant for all values of ρ in the Einstein frame.  

• The ρ dependence in the radiative corrections to ζ and σ breaks the SI.

• These are the conformal fixed points of the theory where we recover SI. 

• Near these points, the theory is natural in the technical sense.  
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The Einstein frame
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• We take the action to the Einstein frame via the Weyl rescaling.

• The action in the Einstein frame.

• The kinetic term for ρ can be put into the canonical form with the field redefinition.



Computing the observables
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• The potential evaluated in the Einstein frame in the conformal limit.

• The SR parameters.

• The power spectrum of scalar perturbations, Ps, the tensor-to-scalar 
ratio, r, and the spectral index ns.



Results
• The predictions derived from our theory, with the observable number of 

e-folds N* =35-60.

• The predictions are in reasonable agreement with the above estimate 
from the most recent analysis of cosmological data. [5]
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Conclusions
• We proposed a new class of natural inflation models with hidden 

scale invariance realised via the dilaton field.  
• A very generic Wilsonian potential with an arbitrary number of scalar 

fields contains a flat direction in the classical limit, which is lifted by 
quantum corrections. Thus inflation can naturally proceed when the 
inflaton field evolves along this direction without fine-tuning.  

• In the conformal limit, the inflaton potential is linear, yielding the 
specific predictions in ( ).  

• While the results are in agreement with current observations, more 
accurate cosmological measurements may become critical in falsifying 
our scenario.
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