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Standara Model at very high energy
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Vacuum decay rate

[T. Banks, C. M. Bender, T. T. Wu, ‘73; S. R. Coleman, '77; C. G. Callan, S. R. Coleman, 77]
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Expand with hyperspherical harmonics
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Gauge boson + NG boson
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One-loop corrections to the action

We need vector hyperspherical harmonics



Vector spherical harmonics (?)
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[G. Isidori, G. Ridolfi, A. Strumia, '0O1]
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From Wikipedia, the free encyclopedia ( l > 0)
In mathematics, vector spherical harmonics (VSH) are an extension of the scalar spherical harmonics for use with vector fields. The
components of the VSH are complex-valued functions expressed in the spherical coordinate basis vectors. ﬂ
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Definition ;edit)
Several conventions have been used to define the VSH.[MIZIBI4I5] We follow that of Barrera et al.. Given a scalar spherical harmonic
Y4,,(0, ), we define three VSH: . . . . .

Yo v This basis has been used in the previous one-loop calculations
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Eigenvalues
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Correspondence
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Correspondence
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Correspondence
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Dependence and incomp.

Collapsed space
vV, =(0,0,0,1), V, = (0,0,1,0)

without loss of generality

2 [/2
0= (1), Vix’ Y,
m=—I/2 m=—I/2

deg : (I+1)*—1

eleness

O — Z Gﬂypavgxpao-Ylm(_m)

deg: (I+1)* -1

U

U
P° Vl
X,uz/ = € vpax 0 YlmAmB —

V2

M




Collapsed space
vV, =(0,0,0,1), V, = (0,0,1,0)

without loss of generality

[/2

Z (_ 1)m€/wpavfxpaGYlm(—m)
m=—I1/2

0

deg : (I+1)*—1

Overlapping space

m

Dependence and iIncompl

MDpO_VpraO'Y [m(—m) =1 Z MUngVxPaO'Ylg( —0)
o=—I1/2

cleness

VV

X xpd"Ylmm _—]
A"''B

w — €

UUPC

[/2

2N
0= €, V5x" Y}
m=—I/2
deg : (I+1)* -1
m—1
i D, €upaV3¥’ Y s lindependent identities
o=—I1/2

(The others are linearly independent)



Dependence and iIncompleteness
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Complete pasis set tor T-modes

Complete orthogonal basis set

Clebsch-Gordan coefficients
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Results

The decay rate is computed using ELVAS
[S. Chigusa, T. Moroi, YS, 17 & "18]

with the correct T-mode degeneracy

Results
Amy, Am, Aaq;
logoly X Gyr Gpc’] = — 871+ D+

x 10°
SM parameters [PDG 2024]

m, = 125.20 £ 0.11 GeV
m, = 172.57 £ 0.29 GeV
a, = 0.1180 £ 0.0009

10g0[Vprey X GYT Gpc’] = — 877

Our correction =~6% of gauge boson contribution

m; | GeV

[P. Baratella, M. Nemevsek, YS, K. Trailovi¢, L. Ubaldi, '24]
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Summary

- The computation of the prefactor is important for the precise determination of vacuum
decay rates. (Otherwise we would have exp(~70) of uncertainty)
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- complete.

We provide the correct degeneracy factor and a complete orthogonal basis set. Our

- The vacuum decay rate in the standard model is updated and the change of the rate is

anout 10"6.



