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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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BSM for EWPT



EWSB or not???

 One-step (red) and two-step phase (blue) 
transition process. A: SU(2)L ×SU(2)R 

preserving vacuum; B: EW vacuum; C: SU(2)V 
preserving vacuum.

Zhou, Cheng, Deng, Bian, Wu 18

SM+real singlet 
 SM+complex singlet



SFOEWPT 
Vacuum structure tells not singlet field EFT

multistep 1. Z2 symmetry

second order PT: Z2 

first order PT, EWSB 



SFOEWPT 
Vacuum structure tells not single field EFT

multistep 2. general with two fields

0->(0,<hxi>) ->(<hphi>,<hxi>) 

mxi^2
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PT strength and triple Higgs couplings





Lepton collider

h/Hh/H

h/H

hadron collider

h5



GM model



Possibilities

Dark matter with plasma effects

Nonperturbative evaluation of EWPT and GW

Tell Potential Shape with collider and GW

Sphaleron calculation and collider detect



One-step/multi-step 
With Z2

IDM+singlet  
FIMP DM: Bian, Liu 18

SM+real singlet: 
 WIMP DM+Inflation, Cheng, Bian 18 

FIMP DM, Bian, Tang 18 

not EFT!!!



Equilibrium Yield

Freeze-out
Freeze-in

xfo～25xfi～1-5

Tfi～mDM/xfi~10^2 GeV for mDM~ weak scale

Tfo～mDM/xfo~O(1) GeV for mDM~ weak scale

Feebly Interacting Massive Particles (FIMPs) 
WIMPs 

2 DM -> XSM XSM

Γ < H

Γ > H

relativistic non-relativistic

Γ < H

Γ ~ H

B1B2 → X,B1B2 → B3X, B1B3 → B2X and 
B2B3 → B1X SIMP 

3 XDM-> 2 XDM, 4 XDM->2 XDM

Freeze-in and Freeze-out



FIMP DM

1712.03962,Michael J. Baker et al.

1810.03172, L.Bian, Y. Tang 

Amplified effects: 
 larger thermal 

masses before  PT

temporarily open of 
decay channel  
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OBC pattern PT DDM-late decay 

reduction effects: 
 smaller thermal 

masses before  PT

temporarily open of 
decay channel at 

high T 



SM+2 real scalars: WIMP DM, Chao, 
Guo, Shu 17 SM+complex singlet  

WIMP DM+Inflation, Cheng, Bian 18 
EWBG+sphaleron, Michael J. 

Ramsey-Musolf 17

WIMP DM

blue: Xenon1T; yellow: h(s) inflation;  
orange: SFOEWPT



Thanks



Bubble, Sphaleron and BAU

1708.03061

SM+S

Washout avoid < H(T) 

Bubble nucleation S3 (TN )/TN ~140-150 

Instanton



the high-temperature expansion of Jb and Jf leading terms, 

 Jb(x) → π2x/12 and Jf(x) → −π2x/24 



Bubble size
β reflect the 
duration of the 
phase transition 

kv, kturb: the fraction of latent heat 
transformed into the bulk motion of 
the fluid for sound waves and MHD 

GWs

envelop approximation 



Neutron EDM excl.

eEDM excl.
BAU
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the ACME constraint |c ̃t|<O(10−2) without 
cancellation(J. Brod, U. Haisch and J. Zupan, JHEP 

1311, 180 (2013)  the CP-phase of the top Yukawa 
coupling tan θt . BAU

α, αb: mixing angles between two CP-even Higgs, the light CP-even and the CP-odd Higgs

Type II 2HDM case (I)



MSSM with 
chargino & staus 

Cancellation

Mercury exclusion

ACME exclusion5
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Preferred by EWBG

MSSM case



eEDM nEDM 
199Hg 
EDM future 

225RaEDM 



NMSSM case


