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Setup




Gauge fixing

One complex scalar + U(1) gauge boson V(e
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Gauge-scalar mixing

Does the background gauge kill the mixing term? No!
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Kinetic term:
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Gauge f|x|ng term (BG) When the background is not constant, AM and a mix with each other
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Partial wave expansions

Lorentz (pseudo-)scalar Lorentz vector
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Functional determinant

Background gauge
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BG gauge with & = 1 is often used for numerical calculations




Functional determinant

Fermi gauge
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Prefactor
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Gauge independence




Gelfand-Yaglom for gauge sector

Proof is available in [M. Endo, T. Moroi, M. M. Nojiri, YS, '17]
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Three independent solutions that are regular at r=0

(For the Fermi gauge, one cannot take the same initial conditions for the two determinants)




Semi-analytic decomposition

Case1: gauge symmetry broken at the false vacuum

BG gauge [M. Endo, T. Moroi, M. M. Nojiri, YS, ’17] Fermi gauge [IM. Endo, T. Moroi, M. M. Nojiri, YS, ’17]
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Gauge zero mode




Gauge zero mode

Case2: gauge symmetry restored at the false vacuum

[A. Kusenko, K. M. Lee, E. J. Weinberg, ’97]
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Semi-analytic decomposition

Case2: gauge symmetry restored at the false vacuum

BG gauge [M. Endo, T. Moroi, M. M. Nojiri, YS, ’17] Fermi gauge [IM. Endo, T. Moroi, M. M. Nojiri, YS, ’17]
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Jacobian for the BG gauge
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Fubini instanton




Fubini iInstanton and decay rate
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Potential
87’
-5
V(|D|)=4|D] V(@) Y J 7]
A
(4 <0) > | D o der.a®\ "
/ \ A =Jplr H dot 7 Translational+dilatational zero modes
=0 et [
o [ detar™ \
X H |
I=1 det A/ gT)
Bounce _
T 3 R < [ detar® \"
P(r) = X /\’(Ca
| A | R2 + r2 R: Arbitrary constant —o \ det A ;
“12 | —(+1)2
Vs det’ 5o ﬁ det AP D
X — = N~
T\ det 7 () =1 \ det . (5L

Gauge zero mode




Gauge independence

Fermi gauge
[A. Andreassen, W. Frost, M. D. Schwartz, ’17; S. Chigusa, T. Moroi, YS, 17 & '18]
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Multi-field bounce




Symmetries

Gauge charges of bounce fields
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* We ignore the gauge bosons that do not couple to the bounce

Symmetries broken by bounce

Symmetry of the action (Fermi gauge) False vacuum is symmetric, bounce is not
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Jacobian
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Fubini instanton

Multi-field quartic potential
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Proof is available in [S. Oda, YS, D. Takahashi, '19]
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Standard Model




https://github.com/YShoji-HEP/ELVAS

[0 README &3 MIT license V4

ELVAS

C++ Package for ELectroweak VAcuum Stability

Introduction

ELVAS is a C++ package for the calculation of the decay rate of a false vacuum at the one-loop level, based on the
formulae developed in [1, 2]. ELVAS is applicable to models with the following features:

e Only one scalar boson is responsible for the vacuum decay.

e Classical scale invariance (approximately) holds. In particular, the potential of the scalar field responsible for
the vacuum decay should be well approximated by the quartic form for the calculation of the bounce solution.
(Thus, the bounce is nothing but the so-called Fubini instanton.)

e The instability of the scalar potential occurs due to RG effects; thus, the quartic coupling constant becomes
negative at a high scale.

If you use ELVAS in scholarly work, please cite [1] and [2].

Download and Install

ELVAS requires a c++ compiler that supports C++14 and the boost library
(http://www.boost.org/users/download/#live). The required version of boost is 1.59.0 or higher.

Unix

For UNIX svstems. follow the instruction below.
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