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Why study vacuum decay?



 The electroweak vacuum 1s metastable.

» Beyond the Standard Model it 1s possible to have first
order phase transitions in the early universe. They could
lead to detectable gravitational waves’ signals.

« It 1s an interesting and challenging problem to tackle from
the theoretical point of view.



In this talk the focus 1s on computing the full one-loop decay rate
in a theory with only one real scalar field in flat spacetime.
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Classical bounce action



¢p is the bounce: a field configuration that extremizes the action, S'[¢p] = 0.

The bounce 1s O(4) spherically symmetric.

Coleman, Glaser, Martin 1977
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Thin wall approximation
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Solve the bounce equation order by order in A

We found analytic solutions up to A?

lvanov, Matteini, NemevsSek, LU 2022
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Cubic parametrization

V(6) = 3(6 — ) + MPA(G )

shift the field
1 A
V(9) = 5m*¢” + 0o’ + S
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Unbounded potential
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Thin-wall expansion
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Fluctuations
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Functional determinant
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Rl:Q(OO) <0, Rlzl(OO) =0

There 1s ONE negative eigenvalue, D vanishing eigenvalues.

Gelfand-Yaglom requires a zero removal procedure.
lvanov, Matteini, Nemevsek, Shoji, LU 2022 - 2024
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The sum 1s UV divergent, must be regularized. Dunne. Kirsten 2006
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