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111 GeV < M), < 175 GeV
Higgs mass: M, = 125.09 & 0.24 GeV  Aad et al. (2015)

Degrassi et al. (2012)

EW vacuum metastability
A=0at~ 10" GeV
Il 107N,

M, = 171.0 GeV.
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111 GeV < M), < 175 GeV
Higgs mass: M, = 125.09 & 0.24 GeV  Aad et al. (2015)

Lebedev & Westphal (2013)

EW vacuum metastability
A=0at~ 10" GeV
Il 107N,

Lifetime > age of the universe

Why isn’t Higgs in an energetically favourable state?
How EW vacuum survived inflation?
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Espinosa et al. (2015) Langevin equation
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Espinosa et al. (2015) Langevin equation
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Safe energy scale for inflation

H<10°GeV & V' <108 Gev

If GW are detected (r > 10~%)

H Gy = V> 105 GeV



Stabilising EW Vacuum

* Non-SM interactions
* The running of £ = Large
non-minimal coupling
* Reheating =
Higgs-inflaton interaction
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Stab f!fqm ) EW Vacuum

* Non-SM interactions

* The running of £ = Large
non-minimal coupling

1 1
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Suppresses quantum fluctuations during inflation
parametric and tachyonic resonances after inflation
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Lebedev & Westphal (2013)

Higgs-inflaton coupling

V(6,0 = g+ AW A +

h2



Higgs-inflaton coupling
Vi®) 4

il 1
V (¢, h) = 5m2¢2+1)\(h)h4+ h?

Initial inflaton value

4 ¢ ~ 10mp;

Constraints

Lebedev & Westphal (2013)

Heavy Higgs Small rad. corr.
[, 1070




Higgs-inflaton coupling
Vi®) 4

il 1
V (¢, h) = 5m?¢>2+Zx(h)h‘w h?

Initial inflaton value

4 ¢ ~ 10mp;

Constraints

Lebedev & Westphal (2013)

Heavy Higgs Small rad. corr.
[, 1070
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Lebedev & Westphal (2013)

Higgs-inflaton coupling

il 1
V (¢, h) = 5m?¢>2+Zx(h)h‘w h?

Initial inflaton value
¢ ~ 10mp;
Constraints

Heavy Higgs Small rad. corr.
[, 1070
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Parametric Resonance

Vi) 4

2 ;4
* Parametric resonance ‘%

* Spectator field

V(%) D g¢2x2

° “Mathieu” equation
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Xk + +g‘1>2(t)<:0s (mt)| xxg =0




Kofman et al. (1997)

Spectator field
ng 2
“Mathieu” equation

k2
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Spectator field
il 2
V(¢,x) D §¢ X
“Mathieu” equation
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Kofman et al. (1997)

Parametric resonance
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* Mirror

Numerical results R
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EW VVacuum Smbilﬁy:
Parametric Resonance

* Mirror symmetry

1
b —¢ = VDZ)\wqﬁQhQ

* Higgs EoOM: iy + wlhy ~ 0

N7 h
w%: (;) L )\;,O(b(f) cos? (mt) + 3 5/2) <h2>

* Numerical results

A = 0.01 - sign (hcff - <h2)) — A= —0.01



Hartree approximation: ~ h* — (h?) h?




Lattice:

3+*108 4*10% 5+*108 6*108 7*108 8*10% 9*10% 1*107

Ang







EW VVacuum S*fc:tfaéli*fy:
Combined Resonance
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* Amplitudes
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il il d
V(6,h) = 5m*¢% + A (W) b + 2hnpd?h? + Jooh®

wi = 1m2 l<k> + +2q (t) cos? (mt) +3)\h (h) <h2>]
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Lattice easy:

5.0x10° 1.0x10

lo| < 10® GeV









ISIONS

SM is a consistent theory up to mp;

But:

1. Why EW vacuum?
2. Stability during inflation?

Reheating = Higgs-Inflaton coupling

1 = it
\VAaiD) Z/\,,‘“ 2 h2 + Zm)h?’

EW vacuum is stable during preheating if

10pY < e e e D
lo| <108 GeV

After preheating EW vacuum is stabilised by thermal corrections
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lacobellis & Masina (2016)
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EMiVbcuuW1Sﬁﬁﬂﬁy:
Parametric Resonance
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EW VVacuum S*fc:tfaéli*fy:
Parametric Resonance
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* Instability scale

e esalag— Nppi< 3 X107



Perturbative decay
5 3 2 ., eff
& (h SIS tt) = M
167
where

3 ! » il
Yt (mgff) ~ 5 and meff o~ 5o 141
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A Model Example

1 = il
AL = 5/\V¢VRVR + Yl - H'vr + éMVRVR + h.c.

* We take
)\hqﬁ (mpl) —(0) and g (mpl) =(0)

* At leading order
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* The bound
K < & ox 1l = Y, < 0.2

lo] < 10® GeV M < 4 x 10'2 GeV
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