
Implications of 125 GeV Higgs  

RGE - just the Standard Model 

Landau pole <MPlanck 

Vacuum instability 

Higgs coupling small 

Hambye,	  Riesselmann	  



Implications of 125 GeV Higgs – vacuum instability 
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Tunneling probability: 

Isidori,	  Ridolfi,	  Strumia	  

De	  Grassi	  et	  al	  



Supersymmetry 

De	  Grassi	  et	  al	  
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“Mildly	  unnatural”	  	  



Just the Standard Model 

!SM : SM + Ni=1,2,3

RH neutrinos  

? Hierarchy problem 

Dark matter 

Baryogenesis 

Dark energy 

? 
? 
? ? 

- scale invariance ? 

- keV neutrino, N1 

- Leptogenesis via sterile neutrino oscillation 

? Inflation - Higgs inflation 



Higgs inflation 

!" =
d

d lnµ
"(µ)

(i) 

!(MP ) " 0

(ii) “Conventional” 

 V= !4 +m2 H 2 + ..., m! H = !2 /MP

(2!  off)

Bezrukov, Shaposhnikov 

Perturba<ve	  unitarity?	  

Higgs vev in Planck units 

Isidori	  et	  al	  

Flattens potential above  MPlanck / !



Hierarchy problem revisited 
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if Higgs does not couple to heavy states RC OK! 

I. Dilatation (scale) invariance:	  Scalar mass terms forbidden 

!(x)" e#!(x ')

Classical theory invariant 

Quantum corrections + dimensional regularisation: 

!
0	  



Origin of mass terms: spontaneous symmetry breaking  

MS  regularisation

Meissner,	  Nicolai	  	  



Dilatations: ! (x), ! "! + f# , $ "$e#

V can be made (nonlinearly) scale invariant: 

II. Nonlinear scale invariance: 

V0 (!
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µ! µe2" / f , a! ae4" / f
dilaton 



Symmetry breaking and the mass hierarchy 

V (! †! ) = e4" / f a(M )+ µ(M )G2 (M )! †! + # (M )
2 (G2 (M )! †! )2( )



RG equation: 

dependence of normalisation of  !  on M

! = e" / f#
Scale invariant case: 



Symmetry breaking and the mass hierarchy 

V (! †! ) = e4" / f a(M )+ µ(M )G2 (M )#†# + $ (M )
2 (G2 (M )#†#)2( )

Me! 0 / f

Logarithmic variation of couplings require exponentially large hierarchy  
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Gravity described by Brans Dicke theory: 

+ scale invariant SM theory:  

Not scale invariant  

Buchmuller,	  Busch	  
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Neutrino masses 

( ) 

Keep N1 light to provide dark matter 

Dark Matter 

Shaposhnikov	  et	  al	  
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Dark Matter 
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Dark Matter 



Dark Matter 



Dark Matter 

large lepton asymmetry !"M=M2 #M 3 $10#7eV ...problematic

DW	  produc<on	  rate	  



But… 

If the Lyman-α bound is robust need to add something, eg singlet scalar 

(c.f. need for additional singlet for conformal symmetry or for inflation.) 

K.	  Allison	  



Baryon asymmetry 



Baryon asymmetry 

Roy,	  Shaposhnikov	  



Just the Standard Model - summary 

!SM : SM + Ni=1,2,3

RH neutrinos  

L = LSM + N Ii!µ"
µNI # F$ I L$NIH # MI
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Origin – additional symmetries. 
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Summary of BSM@LHC	  	  

• No direct evidence for BSM physics (       , new resonances, …) ET

• Higgs @ 125GeV puts low-fine-tuned SUSY under great tension 

• Tests of composite/elementary Higgs favours elementary  

• Indirect BSM signals: g ! 2, H "## $ light sleptons? 

• Just the Standard Model – not impossible? 

(GNMSSM, natural SUSY, mirage mediation,compressed spectrum,      …) RP



Summary of BSM@LHC	  	  

• No direct evidence for BSM physics (       , new resonances, …) ET

• Higgs @ 125GeV puts low-fine-tuned SUSY under great tension 

(GNMSSM, natural SUSY, mirage mediation,compressed spectrum,      …) 

• Tests of composite/elementary Higgs favours elementary  

• Indirect BSM signals: g ! 2, H "## $ light sleptons? 

• Just the Standard Model – not impossible? 

Little hierarchy problem needs LHC@14TeV 

RP


