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Outline: Introduction

@ Tunnel Decay in Field Theory

© False Vacuum Decay in the SM

© Multiple False
Vacuum Decay in an Effective QCD
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Tunneling in One Dimension

Decay Rate
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Tunneling in One Dimension

The Bounce
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Tunneling in Scalar Field Theory

The Action
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Tunneling in Scalar Field Theory

The Action and EoM
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The Coleman’s Thin Wall Approximation
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The Coleman’s Thin Wall Approximation
In the Thin Wall Approximation
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False Vacuum Decay in the SM

U= —p?|0?] + N4 = 2h2+\/ MRS+ Ah“
The Scalar Effective Potential in SM
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False Vacuum Decay in the SM
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False Vacuum Decay in the SI\/I
U= u@ﬂ+M&y— m?h? +vVm hﬁ+AM
The Scalar Effective Potential in SM
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Tunnel Without Barrier
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Decay Rate of the False Vacuum in the SM
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The most probable energy of decay is approximately 1 ~ 100 GeV

0.10

0.08 -

0.06 -

0.04 |-

0.02 |-

Higgs quartic coupling A

30 bands in
M, = 173.3 +£ 0.8 GeV (gray)
a3(Mz) =0.1184 = 0.0007(red)
M, =125.1 £ 0.2 GeV (blue)

& (M) = 0116
]\},‘:— 1756 Ge

10 10 10% 10 10 10" 10' 10 10%°
RGE scale p in GeV ) = =

Victor Guada Advisor: Prof. Giovanni ViFalse Vacuum Decay in Scalar Field Theor



Decay Rate of the False Vacuum in the SM
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Multiple Vacua Potential

Effective Potential

U(g) = %mzqﬁz — A*cos (%)
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Multiple Vacua Potential

First Derivative of the E.P.
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Vacua Decay in The Thin-Wall Approximation
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In a Specific QCD Effective Potential
Effective Potential
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In a Specific QCD Effective Potential
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In the large N, limit
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Summary

@ We reviewed Coleman’s results, which makes possible the computation
of the vacuum decay in quantum field theory

@ Vacuum decay in the Higgs potential of the Standard Model. We
found that the most probable time of decay is of order 103*7 years,
which is larger than the age of the universe.

@ Vacuum decay in a QCD effective potential, in the N, > 1 limit. We
find that the higher vacua are more unstable and that the transition
rate is suppressed exponentially with the number of colors.
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Hvala
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