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Implication of 125 GeV Higgs



Higgs Potential Shape??? EFT or ???

Grojean, Servant, Wells 05, P. Huang, Jokelar, Li, 
Wagner (2015) 
F.P. Huang, Gu, Yin, Yu, Zhang (2015) F.P. Huang, 
Wan, Wang, Cai, Zhang (2016) Cao, F.P. Huang, 
Xie, & Zhang (2017) 
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LHC say the quantum fluctuation 
(quadratic oscillation )  around h=v 

with mh=126 GeV, not sensitive to the 
specifically potential shape  
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GW from FOPT
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Why SFOEWPT

Asph(Tn) exp(-Esph/Tn)

vn/Tn>1  ????

Tn^4



SNR > 10 points for two-step and one-step SFOEWPT

Circles and the dotted points for the GM and xSM scenarios

Collider & GW complementary search

LGB,HKG,YCWu,RYZ Phys.Rev.D 101 (2020) 3, 035011 
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DW: SSB of discrete symmetry Low scale



DW: SSB of discrete symmetry High scale



SFOPT with bubble nucleation, 
three bubbles meet along a line, it 
may happen that the net phase 
change around it is ±2π; in that 
case a string is trapped. Roughly 
speaking, we expect this to happen 
along one in four edges, so in this 
case the initial scale ξstr of the 
string network is essentially the 
typical bubble diameter. 

CS formation from first-order PT

T. W. B. Kibble 

Mark Hindmarsh et al.  Aust. J. Phys., 1997, 50, 697–722 Phys.Rev.D 49 (1994) 1944-1950

The potential

The one-dimension topological defects: 
cosmic string

CS: SSB of U(1) symmetry



Closed-loop formation by 
intercommuting strings. 

Cosmic string loop 
formation. A loop forms (a) 
when two strings

interacts in 2 separate points 
or (b) when a string crosses 
itself. 

Phys.Rev.D 30 (1984) 2036Tanmay Vachaspati, Alexander Vilenkin

CS loops and GWs emission

Loop formation

Allen&Shellard 
PRL 64,119 (1990)

Cusps: a pointed and highly  Lorentz-boosted region 
which appear few times per oscillation period 

GW emission

CS: SSB of U(1) symmetry



PT 
CS 

tF tfr 

GWs from CS after FOPT

CMB temperature fluctuation: 
 

EPTA 

NANOGrav 

Nambu-Goto cosmic strings characterized solely by the string tension μ

RYZ, LGB, 2006.13872

CS: SSB of U(1) symmetry



GW for NanoGrav ???

LGB, R.G. Cai, JL, RYZ,2009.13893 

2009.04496



GW as a new window to search for BSM

GWs simulation 

Simulation of phase transition

Summary



Thanks 
 



GW sources

1807.00786



Tension:

DW solution:



Back Up



Bounce solution

Latent heat:

phase transition inverse duration:

Bubble nucleation:

GW parameters and FOPT



Sound Wave:

MHD turbulence:

phase transition duration

Root-mean-square four-
velocity of the plasma 

GW from FOPT

ghk



GW from DW

Domain wall decay before 
they overclose Universe 

Domain wall decay 
before the BBN

Slope:

Amplitude:

peak 
frequency:



Nambu-Goto cosmic strings characterized solely by the string tension μ, with string tension 
μ ≈ 2πvs2 n with n being winding number 

Kibble mechanism: G is Newton’s constant 

GW energy density spectrum from cosmic string networks 

Fα : fraction of the energy released by long strings Ceff : loop production efficiency

The cosmic string network reaches scaling after formation at time tF , which connect with 

the phase transition through 

formation time of 
loops of the k mode : GW emission time

GW from CS



correlation length ξ = L/t 

mean velocity 

Nambu-Goto string 
VOS equation to 

obtain the 
scaling regime  

1912.02695



SM+S

SM, one higgs
Sphaleron details



Sphaleron details



Sphaleron energy and SFOEWPT condition 

SMEFT xSM



Public Packages

BSMPT, PhaseTracer, CosmoTransition…


