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• Proposal: 

• : Process out of 

termal equilibrium

•

• , a BSM model where: 

SM + a new Higgs singlet, i. e., a new 

Higgs boson, 𝐻

The SM does not explain the in the universe  𝜂 =
𝜂𝑏

𝑠
≈ 6 ⋅ 10−10
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• Study of the  with a 

• Analysis of 𝑒+𝑒− channels with 
in future 𝑒+𝑒− colliders at

𝒔 = 𝟏 , e.g. 

• 𝒆+𝒆− → 𝒁𝒉𝒉

• 𝒆+𝒆− → 𝝂ഥ𝝂𝒉𝒉

• Corrections at will be considered

• Behaviour of the 

• Implementing other models: the 
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Apart from the existent SM Higgs doublet, 𝐻, we add a real singlet, S,

The Higgs potential is modified,

Mass basis: ℎ is the 125 GeV Higgs boson and 𝐻 is a heavier Higgs boson with 𝑚𝐻 ≥ 2𝑚ℎ

Mass parameter basis:

Triple Higgs Couplings (THC’s):

SM-like
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• Two channels:

• e+e- 𝒆+𝒆− → 𝒁𝒉𝒉 
• 𝒆+𝒆− → 𝝂ഥ𝝂𝒉𝒉

• We obtain histograms of the 

cross sections as function of 

𝒎𝒉𝒉 at 𝒔 = 𝟏 TeV including  

corrections.

• RxSM

• H

• SM

• We obtain a 

of the  

differential cross section with 

respect to the  at a 

luminosity of 𝑳 = 𝟖 ab−𝟏
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𝝈(𝒆+𝒆− → 𝒁𝒉𝒉)
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We use a benchmark plane defined to maximise the 

strength of the , which is given by:

 Free parameters:

We define 4 BP where  we study the cross-sections in 
𝑒+𝑒− in this plane



Cross-sections in 𝒆+𝒆− colliders

•  in 𝑒+𝑒− colliders (ILC1000) [1]:

  

•

• [1]

• 5%[1]

•

𝒁𝒉𝒉 𝝂ഥ𝝂𝒉𝒉
                                                                         ~1.5 − 2.5

• a
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𝒎𝒉𝒉 𝒆+𝒆− → 𝒁𝒉𝒉 → 𝒁𝒃ഥ𝒃𝒃ഥ𝒃
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𝒎𝒉𝒉 𝒆+𝒆− → 𝒁𝒉𝒉 → 𝒁𝒃ഥ𝒃𝒃ഥ𝒃
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𝒎𝒉𝒉 𝒆+𝒆− → 𝝂ത𝝂𝒉𝒉 → 𝝂ത𝝂𝒃ഥ𝒃𝒃ഥ𝒃
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𝒎𝒉𝒉 𝒆+𝒆− → 𝝂ത𝝂𝒉𝒉 → 𝝂ത𝝂𝒃ഥ𝒃𝒃ഥ𝒃
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of the RxSM with respect to the SM, called 𝒁 [1]:

• With                      at 𝐿 = 8 ab−1
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In the  model a complex singlet, 𝑆, is added, apart from the SM Higgs doublet, 𝐻

We consider a model with a global 𝑈(1) symmetry in 𝑆 softly broken and a 𝑍2 symmetry in 𝐴

Mixing between the 𝜙 and 𝑆 fields:

Mass parameter basis:

:

? 𝐴 as ?...

An implementation of this model was made in             (use in programs like                )
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SM-like



However… due to technical problems, in these results another version of the  model

was used:

We consider a model with a 𝑍2 symmetry in 𝑆

There is no mixing between the fields: 𝑆+ and 𝑆− are particle and antiparticle and are charged

Mass parameter basis:

:
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𝝀𝒉𝒉𝒉
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𝟏 𝝀𝒉𝒉𝒉

= ⋯ +

Increase if the  corrections of 𝜆ℎℎℎ

Dependance of other  of  

through other Feynman diagrams



• We have introduced the model where a takes place, a 
step to explain the in the universe

• We have analyse the main channel in Di-Higgs production in 𝒆+𝒆− channels 
in future colliders, 

• We have obtained a , 𝒁, of the model with respect to 
the 

• Conclusion for the future, keeps working on the  model 
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Proposal: :

• The three Shakarov conditions[1] must be fulfilled:

The SM does not explain the in the universe  𝜂 =
𝜂𝑏

𝑠
≈ 6 ⋅ 10−10

≠ ≠
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We define 𝜉𝑛 =
𝑣(𝑇𝑛)

𝑇𝑛
≳ 1, where 𝑇𝑛 is the temperatura of nucleation, as the conditions for   

[Alain]

Different kind of 

Red and Orange areas are excluded areas 
from Di-Higgs researches



Cross-sections in 𝒆+𝒆− colliders

•  in 𝑒+𝑒− colliders (ILC1000):

  

•

•

• 5%[]

•

𝒁𝒉𝒉 𝝂ഥ𝝂𝒉𝒉

• a
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• Each value of 𝑚ℎℎ 
as a Gaussian 

centered in its 

value with a 
 given by a 

percentage 𝑝 of 
𝑚ℎℎ

• We consider the 
value 𝑝 = 5% [6]

The  is an uncertainty due to the uncertainty in the experimental reconstruction of 𝑚ℎℎ
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𝝀𝒉𝒉𝑯

of the resonance of 𝐻, called 𝒁[6]:

• With

• Obtain the next variables per bin,                                  ,                               ,

     (               in RxSM at 1L and               in SM)

•
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