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A “fundamental” scalar
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“low” or “high”, depending on your taste...but certainly particular...



Higgs inflation at tree level
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A sufficiently flat potential

Scale invariance JF --> shift symmetry EF

Only \/&7 is important



The primordial spectra
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On the edge of stability

e SM remains perturbative all the way up till the inflat./Planck scale
e Does the SM vacuum remains stable till those scales?
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Top quark & vac. instability
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See F. Bezrukov, M. Shaposhnikov J.Exp.Theor.Phys. 120 (2015) 335-343 and references therein



Imagine that the top and Higgs masses are measured with a
precision enough to conclude that our vacuum is not completely
stable ...

Should we abandon HIl ??

Should/Must new physics appear below or

at the secale (0?

How did we end in the right EW minimum ?



HI is hon-renormalizable

Quantum corrections should be introduced by interpreting the theory as an
EFT in which a particular set of higher dim. operators are included but.....

Which set of operators? @
The most general approach @

Add all kind of Planck scale suppressed operators (in the Einstein frame)

This would automatically spoil the flatness of the potential. Indeed, it would
\generically kill all large-field models of inflation. )

-

" The poor man’s or self-consistent approach @\

1. Add only the higher dimensional operators generated by radiative
corrections ( i.e, those needed to make the theory finite at every order in
PT).

2. Require the procedure to maintain the symmetries of the original theory (in
particular scale invariance at large field values).

This provides a (partially) controllable link between the low and high energy
parameters of the model and selects a particular set of UV completions. )

-

F. Bezrukov, A. Magnin, M. Shaposhnikov, and S. Sibiryakov JHEP 1101 (2011) 016,
See also C.P. Burguess, S.P. Patil, M.Trott JHEP 1406 (2014) 010



Top quark in Higgs background
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Consider the propagation of the top quark

Add counterterms to cancel divergencies
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One-loop effective potential
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Eff. behaviour of coupling constants

Neglecting the running of d\; and 9,,,
between py ~ Mp /&, and Mp/+/&p
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The shape of the asymptotics is maintained
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Restoring Higgs inflation
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But how to avoid finishing in the wrong vacuum ???



Sketch of effective potential
(not to scale)
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Sketch of effective potential
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Inflation takes place with
the standard initial
conditions




Sketch of effective potential

t to scale!

V I
Higgs oscillates and particle
creation takes place.
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F. Bezrukov, D. Gorbunov and M. Shaposhnikov JCAP 0906 (2009) 029
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Sketch of effective potential
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(not to scale!)

> k4dk 1
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If the reheating
temperature is large
enough the “wrong”
minimum disappears.

arXiv:1412.3811 F. Bezrukov, J.R., M.Shaposhnikov



Sketch of effective potential
(not to scale!
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The field settles down at the
true EW minimum and stays
there till the present time.




p, Higgs
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[ Higgs inflation can be possible }

even if our vacuum is not completely stable




What about lifetime?

: — SM + E- couphng
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Z. Lalak,M. Lewicki, P. Olszewki JHEP 1405 (2014) 119,
V. Branchina, E. Messina Phys.Rev.Lett. 111 (2013) 241801 etc...

For SM computation see : J. R. Espinosa and M. Quiros, Phys. Lett. B 353 (1995) 257
J. R. Espinosa, G. F. Giudice and A. Riotto, JCAP 0805 (2008) 002



CONCLUSIONS

-
/ The Higgs field can inflate the Universe

‘/ Hl provides universal predictions if the UV completion respects Si
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‘/ The relation of these predictions to LE observables contains an
irreducible theoretical uncertainty.

UV completion?

‘/ Higgs inflation can be possible even if our vacuum is metastable

‘/ The HI scenario is just a particular realization of a general idea.
Vacuum instability is not necessarily a problem if:

e The potential is modified below the scale of inflation

e The reheating process is efficient enough as to make the
wrong minimum disappear temporally.
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LONSISTENGY 15 +

The new finite parts should be promoted to new independent
coupling constants with their own RG equations ...
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but since we are dealing with a non-renormalizable theory, the
set of RG equations is not closed...
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Truncation

The one-loop diagrams associated to the
new counterterms are given by
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The two-loop contributions generated by

the original Lagrangian
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3. In order to have a good perturbative expansion, the finite parts must be

of the same order (in power counting) than the loops producing them.

OX ~ O(N?,y*)

0y ~ O(y°, y\)

A~ O(y?)
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Example b=+ G = Guv + Iy
1. Compute the quadratic lagrangian (Jordan F.)
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2. Get rid of the mixings in the quadratic action
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3. Read out the cutoff from higher order operat.




Mp My h

A consistent EFT : Cutoffs are parametrically larger than all
the energy scales involved in the history of the Universe




[ Respect scale invariance -> Dimensional regularization)

The choice of u

In renormalizable theories, it is arbitrary and field-independent
We modify this prescription in our non-renormalizable theory
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Lets look at the asymptotics
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