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1)  DO WE LIVE IN A STABLE OR METASTABLE VACUUM? 

(Assuming desert) extrapolate the SM Higgs potential at renormalization scale m via RGE.  
This can now be done at NNLO!! 

[Hung, Cabibbo et al ‘79, Lindner, Sher, Casas, Espinosa, Quiros, Giudice, Riotto, Isidori, Strumia, etc] 

3-loop running for:  g(m), g’ (m), g3(m), l(m), yt(m) 

[Mihaila Salomon Steinhauser, arXiv:1201.5868] 

[Chetyrkin Zoller, arXiv:1205.2892] 
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(Assuming desert) extrapolate the SM Higgs potential at renormalization scale m via RGE.  
This can now be done at NNLO!! 

BETTER to match directly with MSbar running mt  

3-loop running for:  g(m), g’ (m), g3(m), l(m), yt(m) 

[Alekhin Djouadi Moch, arXiv:1207.0980] 

It is inconsistent to use Tevatron measure  

as done in [IM, arXiv:1209.0393] 

[Hung, Cabibbo et al ‘79, Lindner, Sher, Casas, Espinosa, Quiros, Giudice, Riotto, Isidori, Strumia, etc] 

matched at 2-loop via ”Tevatron” mt pole mass (unavoidable theor error) 
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POSSIBLE SHAPES FOR THE HIGGS POTENTIAL  CLOSE TO THE PLANCK SCALE 

renormalization scale 

[IM, arXiv:1209.0393] 
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We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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Theoretical uncertainty in the determination of the transition line between stability and 
metastability according to our analysis (thinner: only ml ) and eq. (10) of 
DDEEGIS(thicker: also error due to yt matching from mt pole). 

Comparison with previous analysis by Degrassi Di Vita Elias-Miro Espinosa 
Giudice Isidori Strumia, JHEP 1208 (2012) 098 [arXiv:1205.6497] 

IM arXiv:1209.0393  



Transition line (blue) between stability and metastability according to Degrassi et al.  
The (brown) shaded disks is the 1 and 2 combined ranges for mt and mH used in Degrassi et al. The (green) 

rectangle allows for the comparison with the ranges of mt and mH used here. 

IM arXiv:1209.0393  

Comparison with previous analysis by Degrassi Di Vita Elias-Miro Espinosa 
Giudice Isidori Strumia, JHEP 1208 (2012) 098 [arXiv:1205.6497] 
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The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point

[IM, arXiv:1209.0393] 
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YES! If, for some reason, there has been a period in which the 
Hubble rate was dominated by a nearly constant V  
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V acts as 
cosmological 

constant term  

EXPONENTIAL EXPANSION 



A stable configuration like a 
shallow false minimum with 

the Higgs trapped in it during 
inflation, which ends because 

of some other mechanism 

IM Notari, arXiv:1112.2659, 

IM Notari, arXiv:1112.5430 

1204.4155 

ns is quite model dependent but tensor-to-scalar-ratio r is not 
 these models can be tested 

EXAMPLE 1 

A model in scalar-tensor gravity & a model with hybrid inflation 

V(fH) 

fH MPl 



A configuration more  
(or as stable as) 

 an inflection point is necessary for 
Higgs inflation via  

non-minimal gravitation couplings 

fH 

V(fH) 

plateau for 
slow-roll 

MPl 

Bezrukov Shaposhnikov, arXiv:0710.3755, …, 1205.2893 

EXAMPLE 2 

Model discussed in  



3) DO NEUTRINOS HAVE SOME IMPACT IN ALL THIS? 

Type I seesaw Dirac Yukawa interactions neutrinos could destabilize V… 

[Casas Ibarra Quiros, Okada Shafi, Giudice Strumia Riotto, Rodejohann Zhang, etc ] 



 (conservative) upper bound on Mn 
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the atmospheric oscillat ions. This is supported by the following argument.

It is well known that the β-funct ion of the Higgs quart ic coupling is affected only

if hν(µ), the Yukawa coupling of the Dirac mass term (defined only for µ ≥ M ν), is

large enough. As the top Yukawa coupling, also the neutrino Yukawa coupling induces a

suppression of the Higgs quart ic coupling at high energy. By increasing M ν and mν , the

neutrino Yukawa coupling at the threshold scale M ν also increases:

hν(M ν) = 2
mν (M ν) M ν

v2
. (12)

This just ifies that the fact that we equate mν to the the atmospheric mass scale, about

0.06 eV, which is the lowest possible value for the heaviest among the three light neu-

trinos. In addit ion, two other Majorana neutrinos with masses lighter than mν can be

accommodated via the seesaw but, if their right-handed neutrinos are lighter than M ν ,

the associated Dirac Yukawa couplings are naturally expected to be smaller, and their

effect on λ(µ) negligible.

In Appendix B we provide the addit ional terms (with respect to the pure SM) for the

relevant β-funct ions, above and below the scale M ν .

Since the effect of hν is a suppression of λ, a configurat ion with a stable electroweak

vacuum in the SM, could be rendered metastable because of the addit ion of the seesaw

interact ion. For a fixed value of mH , one can find the upper bound on M ν following

from the requirement that the electroweak vacuum is not destabilized. As shown in fig. 8

for mH = 126 GeV (but similar upper bounds are obtained in the whole experimental

mH 126 GeV
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FIG. 8: Upper bound on M ν as a funct ion of the running top mass, following from the require-

ment that the elect roweak vacuum is not destabilized because of the inclusion of the seesaw, for

mH = 126 GeV. The shaded region is obtained by varying α3(mZ ) in its 1σ range.

Assume one generation giving mn=0.06 eV 

3) DO NEUTRINOS HAVE SOME IMPACT IN ALL THIS? 
[Casas Ibarra Quiros, Okada Shafi, Giudice Strumia Riotto, Rodejohann Zhang, etc ] 



 (conservative) upper bound on Mn 

IM arXiv:1209.0393  

Assume one generation giving mn=0.06 eV 

More stringent if one starts from an inflection point configuration 

3) DO NEUTRINOS HAVE SOME IMPACT IN ALL THIS? 
[Casas Ibarra Quiros, Okada Shafi, Giudice Strumia Riotto, Rodejohann Zhang, etc ] 

Type I seesaw Dirac Yukawa interactions neutrinos could destabilize V… 
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We now turn to the determinat ion of the points in the plane [mH , mt (mt )] allowing for

the existence of a second minimum degenerate with the electroweak one. These points

belong to a line separat ing the stability from the metastability region, see fig. 5: in the

lower part of the plot λ(µ) is always posit ive, while in the upper part it becomes negat ive

before reaching the Planck scale. The configurat ion of a shallow false minimum belongs

to the stability region, but the associated points are so close to the transit ion line that

they could not be dist inguished by eye.
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FIG. 5: The solid (black) line marks the points in the plane [mH , mt (mt )] where a second

vacuum, degenerate with the elect roweak one, is obtained just below the Planck scale. The

(red) diagonal arrow shows the effect of varying α3(mZ ) = 0.1196± 0.0017; the (blue) horizontal

one shows the effect of varying µλ (the matching scale of λ) from mZ up to 2mH . The shaded

(yellow) vert ical region is the 2σ ATLAS[1] and CMS[2] combined range, mH = 125.65 ± 0.85

GeV; the shaded (green) horizontal region is the range mt (mt ) = 163.3± 2.7GeV, equivalent to

mt = 173.3± 2.8 GeV [15].

The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point
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CONCLUSIONS 
1) Intriguing that mH was found right at the transition between stability and metastabilty 
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The transit ion line of fig. 5 was obtained with the input parameter values discussed in

the previous sect ion and by matching the running Higgs quart ic coupling at mH . Clearly,

it is also important to est imate the theoret ical error associated to experimental ranges of

the input parametersand theoneassociated to thematching procedure. To illustrate this,

weconsider in part icular thepoint on the transit ion lineassociated to the valuemH = 126

GeV; for such point , λ and βλ both vanish at a certain scale µβ (see fig. 4). The arrows

show how, if some inputs or the matching scale are changed, the posit ion of this point

2) Some stable SM configurations very close to transition line (like e.g. shallow false minimum)  
might have been relevant for primordial inflation  

 


