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Particle
physics model

PT parameters
Effective action — 3, H.
Energy budget — «a, x(a,

Bubble wall dynamics — vy
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GW power spectrum
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backgrounds and their implications for
the early Universe and TeV-scale particle

physics

One of the LISA goals is the direct detection of a
stochastic GW background of cosmological origin (like
for example the one produced by a first-order phase
transition around the TeV scale) and stochastic fore-
grounds. Probing a stochastic GW background of cos-
mological origin provides information on new physics
in the early Universe. The shape of the signal gives
an indication of its origin, while an upper limit allows

to constrain modecls of the ca
physics beyond the standard
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GW parameters and FOPT
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Implication of 125 GeV Higgs
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Model classes for SFOEWPT
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BNPC, v/T and EW sphaleron
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known as the electroweak sphaleron (“sphaleros” is Greek for “ready to fall”). as Out aVOl anc e )

1-‘sph - Asph (T) exp[_Esph (T)/T] < H(T)

_ Eepn(T) v(T) T
Plapn = =5 — = Th ==+ In {555y PTgpn > (35.9 — 42.8)
v '1‘ y D -1
Esph(T) ~ EBDh.O ( ) L(T) > (()973 _ 116) ( Faph,O )
Klinkhammer & Manton (1984); Kuzmin, Rubakov, & Shaposhnikov (1985); Harvey & Turner (1990) v T 1.916 x 470 /g

but also identified earlier by Dashen, Hasslacher, & Neveu (1974) and Boguta (1983)



Class IIB- Dim. six operator, SMEFT
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Class IlA (1) no extra EWSB: xSM

For the “xSM” model, the gauge invariant finite temperature effective potential is found to be:
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Class A (1) with extra EWSB: GM model
The most general scalar potential V(®, A) invariant under SU (2), x SU(2)gr x U(1)y is given

by extra EWSB
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Class IIA (1) with extra EWSB: GM
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SFOEWPT patterns one-step
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SFOEWPT patterns multi-step
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GW parameter and triple Higgs coupling
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GW parameter and triple Higgs coupling GM
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GW parameter
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SFOEWPT viable points and future collider prospects GM
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Lepton collider Search
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Lepton collider Search  xSM
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ILC/CEPC will exclude most one-step as well as two-step points in the
xSM.



Collider & GW complementary search

SNR > 10 points for and one-step SFOEWPT
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Collider & GW complementary search
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CxSM for 2-step
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1ST EWPT and Collider search for CxSM
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1ST EWPT and Collider search for CxSM
with GW at LISA SNR > 50
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Sphaleron energy and SFOEWPT condition
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