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Regard values of
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scalar fields ¢1 and ¢2
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Effective potential
One-loop corrected effective potential
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VP =Vo+ Vi + Vor + V'1 Thermal effect

VY one-loop contributions at

Ve counter term for maintaining
the position of the minimum

_ the input parameters

7% one-loop contributions at

Resummation

We perform the numerical method for
summing “Daisy diagram,”

called “Resummation.” [Dolan, Jackiw ('74)]
[Parwani ('92)]

Constraints

Theorical

Bound from below (BFB) [Deshpande, Ma (‘78)]
Perturbative theory |)\;| < 47

Tree-level unitarity [Akeroyd etal.(‘00)]
Global minimum /42 4+ v2 = 246 GeV

Experimental

Electroweak precision data [Haller et al.(‘18)]
— Mg+ =My O My

Favor experiments [Haller etal.(‘18)]
— tan 8 2 2 for Type-I

(from By — pp) g =
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Higgs couplings strength
— |cos(f — )| < 0.25 (for tan 5 2 2, Type-I)
[ATLAS Collaboration (‘19)]
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Numerical results
Strong 2-step PTs
Two-step PTs whose 1st PT is strongly first order.

Strongly means the PT satisfy the condition which
suppress the sphaleron process v(1¢)/1. > 1

[Shaposhnikov ('86,87,88), Erratum(92)]
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Higgs trilinear coupling
The deviation of the Higgs trilinear coupling
from that of SM
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GW spectrum

Sources of GWs from the PT
There are three sources producing the GWs

QGVV = Qcoli + Q\S/W + Q‘l:urb [Bian, Liu (‘18)]
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When fixing parameters in Type-l (ma = mpy+)
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