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• The Higgs was discovered at CERN in 2012 

• It is the only fundamental scalar known 

• = Relativistic ether gives mass to particles 

• Its mass hints at a fundamental symmetry 

• RGE equations leads to massless @ GUT 

• Non-minimal coupling of Higgs to gravity 

• Higgs drives inflation at GUT scale 

• Breaking of scale invariance: the dilaton 

• Higgs-Dilaton Inflation: predictions (ns,w) 

• Future surveys LSS and CMB experiments 
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• The Standard Model plus Gravity has  

   3 dimensional parameters:  G, v, Λ 

• Could all scales have a common origin? 

 

• Minimal extension of SM + GR with no 

  dimensional parameter in the action: 

  Scale invariance at the classical level 

• S.I. maintained at the quantum level 

• All scales induced by Spont. S.B. of S.I. 

•  New scalar (singlet) d.o.f. = dilaton 



• Dilaton is Goldstone Boson of S.B. of S.I. 

• Dilaton is exactly massless 

• Dilaton only couples to Higgs (derivatively) 

• It cannot be detected in LHC collisions 

 

• Substitute GR for Unimodular Gravity w/  

  no dimensional parameter in the action. 

• The integration constant gives non-trivial 

  potential for dilaton: thawing quintessence 

• Dilaton is the massless Dark Energy field 



Einstein-frame metric: 

Lagrangian: 
JGB, Rubio, Shaposhnikov, Zenhausern (2011) 

                    Shaposhnikov, Zenhausern (2009) 

 



Field redefinition (radial and angular coordinates): 

Inflationary potential: Quintessence potential: 

Noether current of scale invariance in E-frame: 

JGB, Rubio, Shaposhnikov, Zenhausern (2011) 
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JGB, Rubio, Shaposhnikov, Zenhausern (2011) 



Spectroscopic survey 

Imaging survey 

100 million galaxies 

15,000 sq. deg 

Δzspec = 0.001 (1+z) 

8 bins z range [0.5,2.1] 

 

Cost: 1B$ 

1000 million galaxies 

15,000 deg sq. 

Δzphoto = 0.05 (1+z) 

5 bins z range [0.5,3.0] 
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Conclusions 
Particle Physics and Cosmology are  

intrincately related and can be tested  

with next generation experiments. 

• Higgs-dilaton inflation is natural extension 

  of SM + GR (broken scale invariance)   

• Precise CMB experiments: COrE+, etc. 

• Deep galaxy surveys: DES, LSST, Euclid 

• We may find a connection between  

  Early and Late Universe:  1-ns =3(1+w) 
 


