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Tunneling in One Dimension
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Tunneling in One Dimension

The Bounce
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Tunneling in Scalar Field Theory

The Action

SE =

∫
dτd3x

[
1
2

(
∂φ

∂τ

)2

+
1
2

(
~∇φ
)2

+ U

]

φ

U (φ)

φ+ φ−

lim
τ→±∞

φ (τ, ~x) = φ+

∂φ

∂τ
(0, ~x) = 0

lim
|~x |→∞

φ (τ, x) = φ+

Victor Guada Advisor: Prof. Giovanni Villadoro (ICTP)False Vacuum Decay in Scalar Field TheoriesDiploma Dissertation, 2016 5 / 21



Tunneling in Scalar Field Theory

The Action and EoM
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The Coleman’s Thin Wall Approximation

EoM
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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 = −µ2|Φ2|+ λ|Φ4| =
1
2
m2h2 +

√
mλ h3 +

1
4
λh4 + ...

The Scalar Effective Potential in SM
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False Vacuum Decay in the SM

[arXiv:1307.3536 [hep-ph]
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False Vacuum Decay in the SM
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Tunnel Without Barrier
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Decay Rate of the False Vacuum in the SM

Γ ' VU

R4 e
− 8π2

3|λ|

The most probable energy of decay is approximately µ ' 1016GeV
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Decay Rate of the False Vacuum in the SM

Γ ' VU

R4 e
− 8π2

3|λ|

The most probable energy of decay is approximately µ ' 1016GeV

Γ '
(
1025eV

)4 (8.10101eV−3) e− 8π2
3|−0.02| ' 10−370eV

t ≡ 1
Γ
' 10347 years
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Multiple Vacua Potential

Effective Potential
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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 Nc 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 10347 years,
which is larger than the age of the universe.
Vacuum decay in a QCD effective potential, in the Nc � 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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