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Renormalization scale
V(o)

height of barrier
1 VEV@TV
mass@rV \/

mass@TV

There are too many relevant scales--:



How large Is the scale

dependence?
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Beta functions
b = 31127;2 Pz = 163772 (am® +34%)
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Renormalization conditions
@Q=m

m?*(m) = m?, A(m)=m, t(m) =0, a(m) = o
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How large Is the scale
dependence?
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Fermion loops

Details are in M. Endo, T. Moroi, M. M. Nojiri, Y. S.; ‘16

Applied to |
the Stau-Higgs instability Top + Stau + Sneutrino +
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Gauge Bosons?

[J. Baacke, K. Heitmann; '99, G. Ishirori, G. Ridolfi, A. Strumia; '01]

Evaluated only with the Feynman-t'Hooft gauge.

(€ =1)

e.q.) U(1) gauge

1
L= ZFQ —+ ‘D¢|2 -+ V(|¢D + Lagr + Lyp,

1
2_6 (a,uA'u o gvX)Qa

EFP — E(—82 + f?)Q)C.

Lo =

D =0 —igA, F,, =ilD,,D,]/g and ¢ = (v/g + h+ix)/V2.



Although the gauge invariance is proven “theoretically” by
[N. K. Nielsen; '75, R. Fukuda, T. Kugo; '76]

Does the calculation
method preserve
the gauge invariance?

Discretize eigenvalues, Subtract “zero mode’, etc

Now ongoing:--



Summary

. The bubble nucleation rate has often been estimated
without calculating the pre-exponential factor.

- This estimate involves uncertainty in the renormalization
scale, which, we showed, results in O(10%) uncertainty in
the exponent of the bubble nucleation rate.

. To reduce the uncertainty, we explicitly calculated the pre-
exponential factor and showed that it is greatly reduced.

- Now, we are almost successful in proving the gauge
iIndependence of the calculation method.
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