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Introduction

Standard Model (SM)
• Problem: SM doesn’t explain the matter-antimatter

asymmetry in the early Universe (BAU)

BAU could be explained with Electroweak
Baryogenesis we should include it in new
models BSM (Beyond Standard Model) with enlarged
Higgs sectors..
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How to introduce Electroweak Baryogenesis?

• Our model needs to meet the three Sakharov
conditions processes out of thermal
equilibrium

How to introduce processes out of thermal
equilibirum?

• With a FOEWPT (First Order Electroweak
Phase Transition).

FOEWPT SOEWPT

Chosen model that lets FOEWPT: 
RxSM (Real Singlet Extension)

What BSM we should choose?
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Objectives

• Analyze the form of !(#) in RxSM:

1) Measure THC’s (Triple Higgs Couplings):           and         .

2) Analyze the process %!%" ⟶ ℎ ℎ (.

3) Analyze the differences between a tree level analysis and 
including one loop corrections more realistic.
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ILC: International Linear Collider

! =250-1000 GeV
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New Model: RxSM (Real Singlet Extension) I

• Higgs fields: doublet + singlet

• Higgs potential: no #! imposition

• Mass matrix: 
and       aren’t

mass eigenstates.
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RxSM II

• Mixing matrix:

• Mass terms:

Diagonalize mass
matrix

• Mixing angle: 

Light Higgs
(!! = 125,09 GeV)

Heavy Higgs
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RxSM III
• THC:

• Higgs-SM couplings:

• Higgs-SM disintegration width:

• Total disintegration width of # ∶
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Feynman diagrams: Tree level

Resonant diagram Non-resonant diagrams 9
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!%!& ⟶ ℎ ℎ $
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Feynman diagrams: Corrections l

Tree level
one loop
correction

two loop
correction

three loop
correction

+ + + + …..

classic term perturbation terms



Feynman diagrams: Corrections

• Simplifications:

-One loop.

-Applied only to THC’s.
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Work space l

Two free parameters:
% and )(

) ∈ 33, 48 GeV and /# ∈ [0.1 , 1]
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FOEWPT assured in the plane:

E



Work space ll
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Heavy Higgs mass (!#) and points in the
plane

P1

P2

P3

P5

P6

P4

P7
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#$ analysis
5$ = 78%%%&''(,*+,-

8%%%./00,,-
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*+$ = +$ − 1



$%%# analysis
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%# analysis

18



Cross section in the & − (& plane
( ' = ()) *+,)
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Cross section in the #$ − $%%# plane
( ' = ()) *+,)



Cross section in the & − (& plane
( ' = .))) *+,)

219,- = 0.120 fb
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Cross section in the #$ − $%%# plane
( ' = .))) *+,)



!%% distributions
( ' = ()) *+,, 0.)

8%%%á/2'&, ,- = 0,129 8%%%&''(, ,- = 0,94 8%%%á/2'&, ,- = 0,121 23

pico-valle



!%% distributions
( ' = ()) *+,, 01)
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pico-valle



!%% distributions
( ' = .))) *+,, 0.)

8%%%./00, ,- = 0,129 8%%%&''(, ,- = 0,94 8%%%á/2'&, ,- = 0,121 25

!! = 2!" = !""

peak-dip



!%% distributions
( ' = .))) *+,, 01)
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Peak-dip effect
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Kateryna Radchenko’s TFM



Conclusions
• We can study the FOEWPT with RxSM Electroweak Baryogenesis
matter-antimatter asymmetry in the early Universe and the !(#) form.

• Quantum one loop corrections in THC’s are important for $""# %$$%&''(< %$$%)*++.

• In the process !%!& ⟶ ℎ ℎ $

• Outlook: more quantitative analysis of *<<= sensitivity. 
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- Quantum one loop corrections aren’t important
( %,"##$ ,%&''~ 1) (in our plane).

-RxSM produces an increase ~ 30 %
in the total cross section.
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Thanks for your attention J
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