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Introduction

The Higgs sector of the SM

The Higgs sector of the Standard Model (SM) is the part of the
theory from which we have less experimental information.

Interestingly, most of the theoretical problems of the SM arise
from the Higgs sector.
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Introduction

The Higgs sector of the SM

@ Severe fine tuning

m? ~ A? \

V(@)= —m*eie + A@fe)? + YV, 0L
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Introduction

The Higgs sector of the SM

@ Severe fine tuning
m? ~ A?

V(@)= —m?ele + A@'®)? 4+ YIU, L0

@ Instability for A < 0 aprox. 5
or loss of perturbativity for\ > 1672

@ Hierarchical structure +
huge splitting m;/m. = 3 x 10°.
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Introduction
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Introduction

Assume the SM up to very high energies,
is it a consistent model?
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SM effective potential

. A
For large field values, V.¢; ~ ———

If \eyr = A < 0 at some high energy scale Ay, the Electroweak
(EW) minimum at ¢ = v ~ 246 GeV of the Higgs potential is
unstable.
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SM effective potential

But, can A become negative? Yes, two main competing effects:

dA(p) 2 4
— (N R )+
o 7 makes A grow

hi(v) = V2M; /v and A(v) = M2/(20%).
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SM effective potential

But, can A become negative? Yes, two main competing effects:

dA(p) 2 4
— (N R )+
o 7 makes A grow

“- _ makes \ decrease.

hi(v) = V2M /v and A(v) = M2/(20%).

J. Elias-Mir6 Stability of the EW vacuum



SM effective potential

But, can A become negative? Yes, two main competing effects:

dA(p) 2 4
— (N R )+
o 7 makes A grow

-, makes \ decrease.

hi(v) = V2M /v and A(v) = M2/(20%).
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SM effective potential
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Stability of the EW vacuum

Can the SM be ruled out (and claim that new phisics must
come in before the instability scale A;) if there is a minimum
depper than the EW minimum at some field value ¢; (=~ A)?

- No, the SM can still be consistent if the lifetime of the unstable
EW vacuum is much longer than the age of the universe.
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Stability of the EW vacuum

Strong coupling o,(M)
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J.EM, J. Espinosa, G.F. Giudice, G. Isidori, A. Riotto, A. Strumia. (2011)
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RESIIS

A Higgs mass of ~ 125 GeV is a very special value
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G.Degrassi, S. Di Vita, J.EM, J. Espinosa, G.F. Giudice, G. Isidori, A. Strumia. (tomorow in arXiv)
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RESIIS

In the absence of BSM physics, some people like A|y/,,,,.. =0,
or doing inflation in the following plateau (A = 8\ = 0)
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RESIIS

SM couplings
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RESIIS
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From this result we conclude that vacuum stability of the SM up to the Planck scale is
excluded at 20 (98% C.L. one sided) for M < 126 GeV.

G.Degrassi, S. Di Vita, J.EM, J. Espinosa, G.F. Giudice, G. Isidori, A. Strumia. (tomorrow in arXiv)
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Conclusions

Conclusions

- From metastabilty considerations, a SM Higgs with
M, ~ 125 GeV does not imply an strict upper bound on the
scale of new physics.

- The Higgs quartic coupling becomes very small. However,
very unlikely becomes zero at the Planck scale.
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Conclusions

The SM is such a good model that admits a theoretical
extrapolation up to M p;.n1 Without any consistency problem.

| hope this analysis will be soon invalidated by nature, due to
new physics coming in close to the EW scale...

Thank you for your attention!
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Conclusions

Aar(h) = &) {»\(m + @ SN (- )
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Conclusions
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