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If BICEP2 results hold up to scrutiny, 
we have first direct evidence for 
inflation happening at energy scale:
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Successful inflationary scenario 
should:

* Solve observational cosmology 
conundrums (flatness, isotropy, ...),

* Seed cosmological perturbations,

* Recover hot Big Bang cosmology,

* Be testable.
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Additionally, it would be nice if it addressed 
other open problems in HEP:

Neutrino masses

Dark Matter

Baryon asymmetry
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Inflation, driven by scalar field V,, is realized 
when the inflaton slowly rolls down to the 
minimum.

The spectral index, tensor to scalar ratio and 
the running of the spectral index are 
functions of the << 1 slow-roll  parameters.
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At the renormalizable level, the SM contains an
accidental U(1) symmetry. Let's promote it to a
globalglobal symmetry and spontaneously break it at
high scale;

Neutrinos then pick up a tiny mass via the 
usual SeesawSeesaw mechanism:
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The scalar potential, at tree level, contains

After identifying the inflaton with the real part of the 
U(1) field, we have  the following HiggsHiggs InflationInflation 
potential

Note that the textbook quarticquartic and quadraticquadratic potentials are 
particular cases of this one..

07/20
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However, the couplings with the RH 
neutrinos will correct the potential and 
induce quantum smearing
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Because of the smallness of amplitude of 
curvature  perturbations, correction comes 
from RH neutrinos only.

Expect strong effect on quarticquartic inflation but 
not on Higgs inflation;

/////////
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Quartic potential + CW (N=60)Quartic potential + CW (N=60)



  Spectral indexSpectral index

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

Now, Higgs inflation.Now, Higgs inflation.



  Spectral indexSpectral index

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

Below vevBelow vev

(Favored 
By Planck)

12 Mp

14 Mp

20 Mp
100 Mp

13/20



  Spectral indexSpectral index

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

above vevabove vev

(Favored 
By bicep2)12 Mp

14 Mp

20 Mp

100 Mp

14/20



  Spectral indexSpectral index

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

Te
n

so
r 

to
 s

ca
la

r 
ra

ti
o

14 Mp

14 Mp

15/20



  Lepton number breaking scale (Mpl)Lepton number breaking scale (Mpl)
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'Higgs' inflation (N=60)'Higgs' inflation (N=60)
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In the presence of soft explicit lepton 
number violating operators, the majoron 
becomes pNGB ... and good DM candidate!

Dark matterDark matter

[Lattanzi et al.'13]19/20



  

Neutrino physics is the most  'known unknown' BSM 
physics. 
A direct coupling inflaton - right handed Neutrinos 
offers four main advantages:

** Economy/minimality of description,
** Reconciles small VEV inflation with 
observations via radiative corrections,
** (W)DM candidate; the Majoron,
** Baryogenesis via leptogenesis.

To conclude ...To conclude ...
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Back up slides



  

For the analysis, we have 5 unknowns for 5 
equations

Added to cancel
Cosmological
Constant at vacuum.



  

Slow Roll 101Slow Roll 101



  

'Higgs' inflation for N=50 & 60,'Higgs' inflation for N=50 & 60,
  Rolling from Above VEVRolling from Above VEV



  

'Higgs' inflation for N=50 & 60,'Higgs' inflation for N=50 & 60,
  Rolling from Below VEVRolling from Below VEV
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