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The Higgs sector of the SM

It 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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The Higgs sector of the SM

Severe fine tuning
m2 ∼ Λ2

−Lint = −m2Φ†Φ + λ(Φ†Φ)2 + Y ijΨi
LΨj

RΦ

Instability for λ < 0
or loss of perturbativity forλ > 4π

Puzzling hierarchical structure +
huge splitting mt/me = 3× 105
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for Mh ≈ 125 GeV, λ =
M2
h

2v2
≈ 0.129
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Results

Assume the SM up to very high energies,
is it a consistent model?
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For large field values, Veff ≈
1

4
λeff (φ)φ4.

If λeff ≈ λ < 0 at some high energy scale ΛI , the Electroweak
(EW) minimum at φ = v ≈ 246 GeV of the Higgs potential is
unstable.
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But, can λ become negative? Yes, two main competing effects:

µ
dλ(µ)

d log(µ)
= ( # λ2 + ... −# h4t + ...) + ...

, makes λ grow

, makes λ decrease.

ht(v) =
√

2Mt/v and λ(v) = M2
h/(2v

2).
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For large field values Veff ∼
λ(φ)

4
φ4.

λ(µ) for Mt = 173.1GeV :
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Can the SM be ruled out (and claim that new physics must
come in before the instability scale ΛI ) if there is a minimum
deeper than the EW minimum at some field value φI (≈ ΛI )?

- 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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We need to compute

Decay Probability=Γ/(∆x3∆t)× Vu , (1)

where Vu ≈ e409 × [246 GeV]−4 is the past light cone
and Γ = Decay Rate.

For V ≈
λeff (φ)

4
φ4,

Γ/V ≈ max
(
φ4 exp[− 8π2

3|λeff (φ)|
]

)
, (2)

where λeff (φ) < 0. When p << 1, the lifetime of the EW
vacuum is much longer than the age of the universe.

S. Coleman Phys. Rev. D. 15 10 (1977)
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Recall that λefff = λ+O(1-loop)
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State-of-the-art of the NNLO calculation:

- 2-loop Veff :
Ford, Jack, Jones [hep-ph/011.1190]

- 3-loop RGEs:
Chetyrkin, Zoller [hep-ph/1205.2892]
...

- 2-loop matching in λ(M2
h), ht(Mt):

Shaposhnikov et. al [hep-ph/1205.2893]
Degrassi et. al [hep-ph/1205.6497]
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A Higgs mass of ∼ 125 GeV is a very special value
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In the absence of BSM physics, some people like λ|MPlanck
= 0,

or doing inflation in the following plateau (λ ≈ βλ ≈ 0)
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- From metastabilty considerations, a SM Higgs with
Mh ∼ 125 GeV does not imply an strict upper bound on the
scale of new physics. The SM is such a good model that
admits a theoretical extrapolation up to MPlanck without
any consistency problem.

- The Higgs quartic coupling becomes very small. Very
unlikely becomes zero at the Planck scale. However
λ(MPlanck) ≈ 0

- Intriguing situation: our vacuum sits just in between
absolute stability and metastability.
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I 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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J. Elias-Miró Stability of the EW vacuum



Introduction
SM vacuum stability

Conclusions
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