
𝒆+𝒆−
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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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• Process out of termal equilibrium: 

• , a BSM model 

where: SM + a new Higgs singlet, 

i. e., a new Higgs boson, 𝐻
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The SM does not explain the in the universe  𝜂 =
𝜂𝑏

𝑠
≈ 6 ⋅ 10−10



• Study of the , formulation, 
benchmark plane…

• Analysis of the process 𝒆+𝒆− → 𝒉𝒉𝝂ഥ𝝂 
with MadGraph for future 𝑒+𝑒− 
colliders, e.g. 

We will apply cuts, 
smearing…

• Sentisivity to 
𝜆ℎℎℎ, 𝜆ℎℎ𝐻

𝜅𝜆 =
𝜆ℎℎℎ

𝜆ℎℎℎ
𝑆𝑀 , −1.2 ≤ 𝜅𝜆 ≤ 7.2 [2]

𝒔 = 𝟐𝟓𝟎 − 𝟏𝟎𝟎𝟎 𝐆𝐞𝐕
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Apart from the existent SM Higgs doublet, 𝐻, we add a real singlet, S,

The Higgs potential is modified,

We obtain the mass matrix,
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Change of basis to diagonalise the mass matrix

Mass of the light Higgs, ℎ, SM-like, and the heavy Higgs, 𝐻
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• After experimental and theoretical considerations, 
the plane is reduce to two independent variables, 
𝑥 y 𝑏4. We define a plane that guarantees a 

[3]

• 8 points[4] in the 𝑥 − 𝑏4 plane are chosen. We will 
also look at the 𝜅𝜆 − 𝜆ℎℎ𝐻 plane
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𝒆+𝒆− → 𝒉𝒉𝝂ത𝝂
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• Two kinds of Feynman Diagrams 

(FD), with 𝑍 or with 𝑊± bosons.

• In both FD with 𝜆ℎℎ𝐻, a resonance 

of 𝐻 is observed

• We obtain histograms of the cross 

sections as functions of 𝑚ℎℎ at 

𝑠 = 1000 GeV

• We obtain a 

of the resonance for a luminosity of 
𝐿 = 8000 fb−1



𝒆+𝒆− → 𝒉𝒉𝝂ത𝝂
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• Two kinds of Feynman Diagrams 

(FD), with 𝑍 or with 𝑊± bosons.

• In both FD with 𝜆ℎℎ𝐻, a resonance 

of 𝐻 is observed

• We obtain histograms of the cross 

sections as functions of 𝑚ℎℎ at 

𝑠 = 1000 GeV
• RxSM

• We obtain a 

of the resonance for a luminosity of 
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• We obtain histograms of the cross 

sections as functions of 𝑚ℎℎ at 

𝑠 = 1000 GeV
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• NoH
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• Two kinds of Feynman Diagrams 

(FD), with 𝑍 or with 𝑊± bosons.

• In both FD with 𝜆ℎℎ𝐻, a resonance 

of 𝐻 is observed

• We obtain histograms of the cross 

sections as functions of 𝑚ℎℎ at 

𝑠 = 1000 GeV
• RxSM

• NoH

• H

• SM

• We obtain a 

of the resonance for a luminosity of 
𝐿 = 8000 fb−1



 𝒎𝒉𝒉, 𝒔 = 𝟏𝟎𝟎𝟎 𝐆𝐞𝐕
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𝒆+𝒆− → 𝒉𝒉𝝂ത𝝂 → 𝒃ഥ𝒃𝒃ഥ𝒃𝝂ത𝝂

Process calculations for colliders:

• Cuts for collider detection are applied

•

•

• 𝒉 𝒃ഥ𝒃

• Without cuts

• With cuts

Universidad Autónoma de MadridCarlos Pulido Boatella 16



𝒆+𝒆− → 𝒉𝒉𝝂ത𝝂 → 𝒃ഥ𝒃𝒃ഥ𝒃𝝂ത𝝂

Without cuts With cuts
Cuts in the detector:

• ET
miss > 30 GeV. Missing 

energy from the 𝜈’s

• Eb > 20 GeV. Minimum 

energy of the b-tagged 

jets

• 𝜂𝑏 < 2.5. Pseudorapidity 

of the b-tagged jets

• 𝑦𝑏𝑏 > 0.001 at 𝑠 =
1000 GeV [5], for jet 

clustering

Universidad Autónoma de MadridCarlos Pulido Boatella 17



• 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]

Universidad Autónoma de MadridCarlos Pulido Boatella 18

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



𝝀𝒉𝒉𝑯

We obtain a value of the of the resonance of 𝐻, called 𝒁. To do so, we 

follow [6]:

• With

• Obtain the next variables per bin

                                 ,                            ,

     (              in RxSM and              in NoH)

•
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𝝀𝒉𝒉𝑯

We obtain a value of the of the resonance of 𝐻, called 𝒁. To do so, we 

follow [6]:

• With

• Obtain the next variables per bin

                                 ,                            ,

     (              in RxSM and              in NoH)

•
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To resolve the resonance, a experimental 

analysis is needed, 𝒁 is a theoretical significance



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

• We have studied the process 𝒆+𝒆− → 𝒉𝒉𝝂ഥ𝝂 regarding future 𝑒+𝑒− colliders 
such as the 

• We have obtained a , 𝒁, of the resonance of the 
new Higgs boson and a sensitivity of 𝜆ℎℎ𝐻. To resolve the resonance, a 

experimental analysis is needed. 
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𝒙 − 𝒃𝟒
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 𝒎𝒉𝒉, 𝒔 = 𝟓𝟎𝟎 𝐆𝐞𝐕

26Carlos Pulido Boatella Universidad Autónoma de Madrid



 𝒎𝒉𝒉 in 𝒉𝒉𝒁 channel, 𝒔 = 𝟏𝟎𝟎𝟎 𝐆𝐞𝐕
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