
Motivations and Challenges

Motivations:

• In SM, EW symmetry is restored around T=160 GeV[1] . What 

kind of BSM theories can have distinctly different electroweak 

epoch? What are the predictions of these theories?

• Intimate relationship between EW symmetry and baryon 
asymmetry of the universe (BAU).

Challenges:

• At high temperatures, EW symmetry was always broken or only 

temporarily restored in some scalars models (e.g. SM+O(Ns) 

singlet scalars[2], I2HDM+O(Ns) singlet scalars[3], 2HDM+real 

singlet scalar[4]).

• Difficult to induce EWSB by fermions from renormalizable 

models: (When mi
2<< T2)

Gravitational Wave Signals

The gravitational wave spectrum of benchmarks B1 (left panel), B2 (right panel), and the noise spectrum of the Big Bang Observer(BBO) 

and DECi-hertz Interferometer Gravitational wave Observatory(DECIGO).

Summary

• New fermions from renormalizable models can 

induce EW symmetry non-restoration, or push 

the EWPT temperature well above the EW scale.

• These models have intriguing cosmological 

implications: origin of matter-antimatter 

asymmetry (e.g. high-temperature EWBG), 

gravitational wave signatures.
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Thermal Histories

Thermal history in which the 

electroweak symmetry is 

always broken.

Thermal history in which the 

electroweak symmetry is only 

temporarily restored. Effects of the functional forms of 

vσ(T) on the thermal histories.

Peak-integrated sensitivity curves (left panel) for several future gravitational wave observatories[5]. The red dots are some benchmarks (some 

details are given in the table on right panel). The x-coordinate of each benchmark is its peak frequencies, and y-coordinate is its peak GW 

strength.


