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Higgs Mass and the Standard Model

Consistency
1. SM is consistent up to mPl: 111 GeV < Mh < 175 GeV

Higgs mass: Mh = 125.09± 0.24 GeV Aad et al. (2015)

2. No other states discovered

Lebedev & Westphal (2013)

• EW vacuum metastability

• λ = 0 at ∼ 1010 GeV
• V 1/4

max ∼ 109 GeV

• Lifetime � age of the universe

• Questions:
1. Why isn’t Higgs in an energetically favourable state?

2. How EW vacuum survived inflation?
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L ⊃ ξh2R

See the next talk by Marco.
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Stabilising EW Vacuum

• Non-SM interactions

• The running of ξ ⇒ Large

non-minimal coupling

• Reheating ⇒
Higgs-inflaton interaction

V ⊃ 1

4
λhφφ

2h2 +
1

4
σφh3

Suppresses quantum fluctuations during inflation

Enhances parametric and tachyonic resonances after inflation
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EW Vacuum Stability:

Combined Resonance

Lattice easy:

|σ| < 108 GeV
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Post-Resonance: A Possible Scenario

• Ema et al. (2016):

• Destabilised for allowed λhφ

• Stabilised by thermal bath (?)



Conclusions

• SM is a consistent theory up to mPl

• But:

1. Why EW vacuum?

2. Stability during inflation?

• Reheating ⇒ Higgs-Inflaton coupling

V ⊃
1

4
λhφφ

2h2 +
1

4
σφh3

• EW vacuum is stable during preheating if

10−10 < λhφ < 3× 10−8

|σ| < 108 GeV

• After preheating EW vacuum is stabilised by thermal corrections

(?)





Inflaton Stabilised Potential



Metastability Bound

Iacobellis & Masina (2016)
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Perturbative Decay

• Perturbative decay

Γ (h → tt̄) =
3y2

t meff
h

16π

where

yt
(

meff
h

)
∼

1

2
and meff

h '
√

1

2
λhφ |φ|

• The reduction〈
h2

〉〈
h2
Γ

〉 ∼ few



A Model Example

−∆L =
1

2
λνφνRνR + yν l̄L · H ∗νR +

1

2
MνRνR + h.c.

• We take

λhφ (mPl) = 0 and σ (mPl) = 0

• At leading order

λhφ ' |λνyν |2

2π2
ln mPl

µ

σ ' −M |yν |2 Reλν

2π2
ln mPl

µ

• The bound

λhφ < 3× 10−8 ⇒ yν < 0.2

|σ| < 108 GeV M < 4× 1012 GeV
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