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Motivation: Hierarchies 

•    Λ ≡ ρvac ∼10−122 M P
4

•    
mHiggs ∼10−16 M p

•    minflaton ≪ HI (slow roll) 
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… but 

What about Gravity? 

How is scale symmetry broken? 
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Inertial symmetry breaking 
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- set by (chaotic) initial conditions Ferreira, Hill, GGR 

Scale breaking order parameter independent of potential ! 
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2nd singlet models Higgs sector 

Shaposhnikov,	Zenhausern	
Garcia-Bellido,	Rubio,	Shaposhnikov,	Zenhausern	

 λ ≪δ ≪ ξ

Hierarchy 

Ferreira, Hill, GGR 



Hierarchy generation: 

Noether current 

  
Kµ =

1
det(−g)

δS
δ ∂µε

= (1−α )φ ∂µφ + (1− β )χ ∂µ χ ≡ ∂µ K ,

Inertial symmetry breaking 

  
K = 1

2
(1−α )φ 2 + 1

2
(1−α )χ 2 → constant ,

  
M Planck

2 = − 1
6
αφ 2 − 1

6
βχ 2

IR fixed point 

  

χ IR
2

φIR
2 = 4λβ − 2αδ

4αξ − 2βδ
 
 

  
S = −g 1

2
gµν ∂µφ ∂νφ −

λ
4
φ 4 − 1

12
αφ 2R

⎛
⎝⎜∫

  
+ 1

2
gµν ∂µ χ ∂ν χ − ξ

4
χ 4 + δ

2
φ 2χ 2 − 1

12
βχ 2R

⎞
⎠⎟

2nd singlet models Higgs sector 

Shaposhnikov,	Zenhausern	
Garcia-Bellido,	Rubio,	Shaposhnikov,	Zenhausern	

 λ ≪δ ≪ ξ

Hierarchy 

Ferreira, Hill, GGR 

Radiative corrections? 



Weyl invariant Coleman-Weinberg calculation 



Weyl invariant Coleman-Weinberg calculation 
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(invariant under scale transformations) 
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×

Dilaton decouples! 
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where 
Λ→∞

safe 
the “real” hierarchy problem 
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Hierarchy stabilisation: 
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 φ →φ + constant  λ = δ = 0 =α

 α ≠ 0 ⇒ gravitational corrections to   λ,δ

✔	 ? 
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Hierarchy problem reintroduced through new massive (ghost) state 
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Summary 
•

• Slow roll inflation with acceptable properties possible  

  r < 0.01, ns ≤ 0.967

“Inertial” symmetry breaking : Weyl (scale) invariance is always 
spontaneously broken independently of the potential. 

• Massless dilaton – decouples …no 5th force avoiding BD bounds 

• Spontaneously broken scale-invariant “SM”+gravity  
 - only dimensionless ratios meaningful 
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Small or zero – c.c. fine tuned 

Hierarchy related to hierarchy of couplings 

• Hierarchy stability : 
Non-gravitational corrections 
	

✔	

Gravitational corrections  
 

Ghosts?     Unitarity? ✔	? 




