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HIGGS AROUND 1010-1019 GEV....

Higgs Instability



Your theory Is crazy, the question Is
whether it's crazy enough to be true.

Sohr to Paull
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Vacuum Stability

Quantum contribution to the Higgs potential
Vine = 3 e = 3 5
vac — b 9 b ) 9 f

Frequencies depend on the particle mass

w= (k2 + M2.¢?2/U2)1/2- v =246GeV




m, =173.4 GeV
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Stability regions™ O(h?)

The potential depends
T on the Higgs and Top mass

Instability
Vet = 1 hett(9)9
% _:gl‘ eff 4 eff
g L where
— : d)\
100 150 200 it — ﬁ \ — 4’}/)\eﬂf
Higgs mass M;, in GeV d ln ¢

*Degrassi et al arXiv:1205.6497



The metastable state can only decay by tunnelling
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O(4) symmetry

Vacuum decay proceeds by the nucleation of bubbles

Decay rate B = Sg(¢p] — SE|ow]
_ 4.-B -
[' = Ae - det,S/E/[¢b 1/2 B—2
| det ST (o 4

Coleman, Phys Rev D15 2929 1977



Bubble solution

Al = 1363
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Black hole seeds

Primordial microscopic black holes:

produced in the early universe?

small ones evaporate, lose mass and
eventually explode;
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Static bubbles dominate.

AT IS now the difference in action between the bubble
and the false vacuum black hole.

Amazingly simple result:




Comparison of vacuum decay rates and evaporation rates
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Seeded nucleation with V(¢) = i{A* + b(In(¢/¢s)?}o"



There is observational evidence that the false
vacuum has not decayed by seeded nucleation.

Standard model + microscopic black holes that can
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Vacuum decay in the lab

BEC, two atomic levels 1&2 with wave functions

th = p(1 + %5/)—)6@/2 2 = p(1 — %5,0_)6—7390/2
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Fialko et al. , 1408.1163, 1607.01460. Braden et al. 1712.02356



Seeded vacuum decay in the lab

2D system with vortices

vortex

Tom Billam, Florent Michel, Ruth Gregory & IGM



Seeded vacuum decay in the lab
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Vacuum decay in the early
universe

Standard Greneral Inflaton
Model Relativity




Higgs stability during inflation

when the Higgs and the inflaton are distinct

_1 2 _1 2_1 2
L=MR— 2ERG" — 5(Vo)” —V(®,9)

1. De Sitter vacuum fluctuations can destabilise
- the Higgs dp~H




Higgs potential

Curvature and inflation couplings:

1 1

Lo = — 3 hen($)0* — 36 (6) RS — Sgor(9)8°2% + ...

R is related to the expansion rate during inflation H
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What exactly is the metric?
Make a field redefinition to the Einstein frame
gg = (1—£¢°/M2) g

V()
Veld) = T —eg2a2)?




Effects on vacuum decay " = Ae P

m, =173.4 GeV

Higgs decay
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Higgs fluctuations

Light field in de Sitter: can treat the quantum
evolution through the barrier stochastically

Subsequent evolution of the Higgs gives
fluctuations 2 2
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Summary

 Microscopic black holes seed very rapid
vacuum decay in a metastable theory.

e Vacuum decay may be testable in the lab







