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Evidence of Multi-lepton 
anomalies at the LHC

❑ The multi-lepton anomalies at the LHC are 

explained by the production of 𝐻 → 𝑆𝑆

where H and 𝑆 are new scalar bosons. It 

turns out that 𝑆 has been found in 

association with DM, indicating that 𝐻 →

𝑆 → 𝛾𝛾, 𝑍𝛾 𝑆 → 𝜒𝜒.

❑ The combined results correspond to a

8.04𝜎 significance.

❑ Data consistent with new bosons: one with 

a mass around 270 GeV and another 

around 151.5 GeV.
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Candidate of the 
new boson at 
𝑚𝑆 = 150GeV

❑ Candidate for a new boson with a mass 

of 150 GeV has been reported by Wits 

and collaborators in 2021.

❑ The existence was confirmed from the 

kinematic regions of the 𝛾𝛾 and 𝑍𝛾

channels and corresponding missing 

energy, di-jets and lepton, with a 

significance of 5.1𝜎.
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Electroweak 
Properties of the new 
scalar resonance

The Lagrangian for the model is presented as:

The Electroweak singlet will have the following partial decay widths into 
two on-shell electroweak bosons (𝑚𝑆 = 151.5 GeV):

where 𝑥 =
𝑚𝑉
2

𝑚𝑆
2
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Monte Carlo 
Simulations
❖ The production of S was simulated 

using MG5@NLO.

❖ 500 000 signal and background events 

were simulated.
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𝛾𝛾 channel:

𝑍𝛾 𝑙+ 𝑙− channel:

𝑍𝛾 𝑗 𝑗 channel:



Kinematic distributions: Z𝛾 𝑗𝑗 final state
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Kinematic distributions: Z𝛾 𝑙+ 𝑙− final state
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Kinematic distributions: 𝛾𝛾 final state
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Optimisation of the 
channels

❑ This is the motivation to introduce 

Machine Learning (ML) in this 

study.

❑ It makes use of a Deep Neural 

Network (DNN) to distinguish 

between signal and background 

processes through a Sequential 

Model.

❑ Parameters:

▪ Optimiser, learning rate, neurons, 

batch size and epochs.
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Results (preliminary):
𝛾𝛾 final state:

Batch size 23

Learning rate 0.000743

Neurons 48

Optimizer Adamax

Epochs 273

Accuracy 97.8%
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Conclusion and summary:

❑The multi-lepton anomalies at the LHC are explained by the 
production of 𝐻 → 𝑆𝑆 where H and 𝑆 are new scalar bosons. It turns 
out that 𝑆 has been found in association with DM, indicating that 𝐻 →
𝑆 → 𝛾𝛾, 𝑍𝛾 𝑆 → 𝜒𝜒.

❑The results show that the cross-section of these scalar resonances are 
large enough to be detected at future 𝑒+ 𝑒− colliders.

❑The use of machine learning helps us to distinguish between the signal 
and the background events and using hyperparameter optimisation, we 
were able to get a considerable accuracy for our models.

❑This motivates the search for the scalar resonances at future 𝑒+ 𝑒−

colliders.



Thank you!
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