
Scale-invariant inflationary models:
A geometrical interpretation

Javier Rubio
based on G. Karananas, JR, Phys.Lett. B 761 (2016) 223-228 

Rethinking Quantum Field Theory
DESY, Hamburg



                     Flatness from scale invariance

No graceful inflationary exit
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                     Two perspectives
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              “Simplest” two-field SI model
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The dilaton is the new mass donor                                                  
It gives mass to the Higgs and defines the Planck scale. 

We won’t try to be UV complete  
We treat this as a low-energy effective theory

A singlet under the SM group                                                       
No couplings with SM particles

All the scales are generated by SSB of global scale invariance      

M. Shaposhnikov, D. Zenhausern, Phys.Lett. B671 (2009) 187-192  
J. García-Bellido, JR, M. Shaposhnikov, D. Zenhausern, Phys.Rev. D84 (2011) 123504
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Einstein-frame potentials

Inflationary observables

J. García-Bellido, JR, M. Shaposhnikov, D. Zenhausern, Phys.Rev. D84 (2011) 123504 
See also: Manuel Trashorras et al. Phys.Rev. D94 (2016) no.6, 063511  



The dilaton is introduced 
ad hoc

 
Can it appear “naturally”?



Dilaton as part of the metric

• A TDiff theory is not a scalar-tensor theory but rather UG plus a 
propagating TDiff scalar: the metric determinant g (exceptions: GR & UG). 

with

• The minimal gauge group required to construct a metric theory 
including spin-2 polarizations is TDiff

• The TDiff action contain arbitrary (theory-defining) functions of g

•  A equivalent Diff version can be obtained using the Stückelberg trick 
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Which sets of

theory defining functions

give rise to the same

inflationary observables?

SI TDi↵ theory contains a massless dilaton.
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The meaning of κ0   

During inflation, the field space of the simplest

Higgs-Dilaton model is

MAXIMALLY SYMMETRIC
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Canonical field stretching   
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G. Karananas, JR, Phys.Lett. B761 (2016) 223-228 
See also M. Galante, R. Kallosh, A. Linde, D. Roest, Phys.Rev.Lett. 114 (2015) no.14, 141302    



Inflationary observables  
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                    A universality class 
Any TDi↵ embedding of the Higgs-Dilaton ideaL
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The inflationary observables of this broad class of models approach

The inflationary observables of this broad class of models approach



Conclusions
      Higgs-Dilaton Cosmology:  A SI + UG extension of SM

✓   Massless dilaton: unique source for masses / scales.

✓  It naturally gives rise to inflation with a graceful exit.

✓   Excellent agreement with observations.

✓ Robust inflationary predictions for theory-defining functions giving rise 
to a maximally symmetric field spaces in the Diff invariant formulation.

✓ No non-gaussianities / No isocurvature perturbations due to SI.

      Natural embedding in a TDiff framework:  the dilaton as a metric d.o.f





The pole structure   
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