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• All we know about particle physics is in the Standard Model.
• We also know it has some limits :
• Gravity
• Dark matter
• Hierarchy problem for the Higgs mass
• Free parameters

• A lot of new physics model were conceived :
• Supersymmetry
• Axions
• Composite Higgs
• Leptoquarks
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• A lot of model-dependent searches 
ongoing at ATLAS

• New limits on mass and life-time 
values with increasing precision

• But still, no proof of their existence

Search for New Physics at ATLAS 
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The ATLAS Detector
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Jets in the Detector

A jet is a collimated flow of particles resulting generally from a high-pT quark or 
gluon :
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Jets happen a lot at the LHC (high center of mass energy)
Jets can be produced by multiple ways : parton (quark/gluon) collisions, or by the 
decay of a massive particle
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Jets in the Detector

Some massive particles (ex : W/Z) also decay to approximately 2/3 quarks 
and can form jets : 

WNPPC 2021 Jacinthe Pilette 

[4]

6



Jets in the Detector

If the jets are produced with high momentum, their decay products can be
collimated and they can be reconstructed inside a single (large-radius) jet.
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Why Jets ? Why Machine Learning?
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First question :
• Are all jets produced at the LHC according to the SM? 
• Are there unknown massive particles decaying to jets at the LHC? 

Second question :
• All the events that happened at the LHC produce a whole lot of data : 60 TB/s produced, but 

1.5 GB/s registered!
• General searches for new physics like in boosted jets over full pT-spectrum have never been 

done

The goal : Search for new physics inside jets, but without searching for a specific model.
The method : Use deep learning as an anomaly detection technique (unsupervised method)
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Variational Auto-Encoder (VAE) for Jet Physics
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The Principle
For the first phase of the project, we will look for unknown massive particles
decaying to jets. We will thus try to perform a “bump hunting” on the mass 
spectrum of jets by cutting on the anomaly score.

Before the Cut After the Cut

SM background

𝑚! 𝑚!

New physics signal

SM background 
reduced + new 
signal visible
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Simulation Samples
We want to know if our algorithm performs well. We choose a test signal to find :

Our background : QCD dijets (gluon jet or light-quark jet, excluding top jets)
Our signal : Boosted 𝑡 ̅𝑡 jets (from SM) 

Simulated from Monte Carlo : 
• Boosted jet (high-pT) requirement : 
• |η| < 2, no leptons, N(jet), N(jets) with pT > 200GeV >= 2, N(jets) with pT > 450GeV  >= 1

• We use only the leading large-radius jet

Our inputs are the 4-vectors of the jet constituents. 
We compute the anomaly score between the VAE’s output and the input.
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Discrimination
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Our model seems to discriminate reasonably well between our background and signal.
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Mass Correlation
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If we look at how our background behaves when we cut on the anomaly score:
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Outlier Exposure

• Semi-supervised method.
• Inject some out of distribution samples to the training.
• The goal is that the VAE gain in sensitivity to outlier jets, and to 

decorrelate the jet mass from the anomaly score. 
• To do this decorrelation, we reweight our outlier sample to match the 

mass spectrum of our QCD background. «This prevents the VAE from 
learning the mass of the jet as an important feature, and rather make 
it focus on the complexity of the jet itself.» [6]
• Outlier = boosted W jet sample
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Preliminary Results
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Background only (with mass decorrelation) Background + signal
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Conclusion

• Machine learning could be a useful tool for general new physics searches 
in boosted jets
• Anomaly detection with unsupervised methods is a new and innovative 

way to search for new physics
• To suppress the dominant QCD background, we need better 

performance from our Variational Auto—Encoder with Outlier Exposure 
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