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Introduction

%  The gravitational waves (GWs) are produced by the first-order phase transition (FOPT).
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GW observations can be used to explore the new physics 1
(NP) effects for the first-order phase transition. :

10 contours (LISA)

T, =1,3and 10 years

We can quantitatively discuss how precisely obtain the NP parameter at the GW observation by the

Fisher matrix analysis.



Introduction

GW spectra depends on the new physics effects.
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* Example

We can evaluate the width of confidence interval of the NP effects by GW

observation.
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Theoretical uncertainties
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The uncertainties have been highlighted using the Standard Model Effective Field Theory (SMEFT) as a benchmark.
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Theoretical uncertainties

% However, the GW spectra have some theoretical
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Unphysical scale dependence: 4d approach without RGE-running

uncertainties...
[D. Croon, O. Gould, P. Schicho, T. V. I. Tenkanen and G. White, JHEP 04 (2021), 055]
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AQaw/Qqw | 4d approach 3d approach
RG scale dependence | O(10% —10%) [ O(10° — 10')
Gauge dependence O(10Y) 0(1073)
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The uncertainties have been highlighted using the Standard Model Effective Field Theory (SMEFT) as a benchmark.



Benchmark model (SMEFT)

SMEFT The first-order phase transition

e Theoretical uncertainties

We adopt the SMEFT as a benchmark.

These operators can describe various NP effects

in a model-independent manner.
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Benchmark model (SMEFT)

% The GW spectra is evaluated by the MS scale iz GW spectra
effective potential at typical scales I
of the FOPT. ﬁ

— =T = |
The vast number of SMEFT operators affect the potential. K HpT = [Vﬁ'“ =¥ Vo bV & VdalS)J

RG running

o,

over 20 operators

—— o - - —

/T MZ I MS parameters fixed by matching to physical observables, and

SMEFT Wilson coefficients used as input

,______‘\
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% In this work, we compare the GW spectra predicted by the effective potential at two
different renormalization scales: fipr = 2nT, and T, /2



It is the source of
first-order PT

*  Ifthe value of |C | is 1/A% = 1/(600 GeV)* ]

The GW spctra

This A value is defined at Z boson mass scale. ]

the GW spectra are given by right figure.

(All others are set to zero)

It 1s difficult to determine the
value of C, by only an
observation of GW spectrum.
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We assume that the value of C,, 1s provided
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The results

1/A% = 1/(600 GeV)?*, C s v,= 0.5, and DECIGO experiment casc
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We also performed the analysis for different values of A, operators, velocities, and experiments.
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The results V|
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We also performed the analysis for different values of A, operators, velocities, and experiments.
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Results(DECIGO)
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DECIGO: A/ \/ |cw | [GeV] for RGE scale i pr = 22T,

DECIGO: A/ \f | car | [GeV] for RGE scale gpr = T,/2

J

The dark- and light-colored bands represent the
choices uPT = 2rTn and Tn/2, respectively,

Within each shade, different colors indicate different
central values of |CH|.
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Results(DECIGO and BBO)
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[K. H., Daiki Ueda, arXiv: 2505.13074, JHEP09(2025)094]
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Other operators

The dark- and light-colored bands represent the

choices uPT = 2xTn and Tn/2, respectively,

BBO (bluish bands) and DECIGO (reddish bands)
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[K. H., Daiki Ueda,
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Other operators
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[K. H., Daiki Ueda, arXiv: 2505.13074, JHEP09(2025)094]

Other operators
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We may use the GW observation to explore new physics effects, even if
there are theoretical uncertainties in GW spectra, when the source of
first-order phase transition, e.g., CH, is provided other experiment.
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Summary

% The spectra of GW from first-order phase transition E”"“
depends on the NP effects.

|esverr | [GeV]

— We can use the GW observation experiments to
explore the NP effects.

A

% The GW observations can remain sensitive to various
new physics effects, even in the presence of
renormalization scale uncertainties, provided that the
source of first-order phase transition is precisely
measured, e. g., by future collider experiments.
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The results
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The results
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