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Model-independent strategy for New Physics search
at LHC using Anomaly Detectlon algorithms

Model Independent search strategy

— Limits of classical search strategy
Signal specific
=> Narrow field of search
Simulation dependent

=> Time and power consuming
=> Need better accuracy

— New strategy proposal

Signal agnostic
=> More generic search

Data-driven
=> Reduce simulation dependency

Use Anomaly Detection algorithms
=> Unsupervised Machine Learning
=> Model-independent bump hunt

Training and application

— Loss and anomaly score

D loss bc=—Ifylog(p)+(1—y\)log(1—p))
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— Application
Training directly on data

Use only AE for application
D Is used as a training proxy

Select event with high anomaly score
rare New Physics signal => anomalous events

Compare anomalous data with a reference background
Need a proper model

Model independent bump-hunting

— pyBumpHunter;;
New Implementation of the BumpHunter algorithm in
python

Compare data histogram with a reference background
Look for the interval with lowest local p-value

Compute global p-value using background-only
pseudo-data histograms
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pyBumpHunter includes new features to the algorithm |
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Unsupervised Machine Learning algorithm

— GAN-AE[1]
Combine a Auto-Encoder and a Discriminant

Objectives
AE : Reconstruct events as accurately as possible
D : Discriminate reconstructed and original events

Loss
D : Binary cross-entropy (classification)

AE : Combine loss
reconstruction error + discriminant information
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1 = original

Schematic of the GAN-AE architecture

Mass sculpting mitigation

— Mass-based event reweighing
Flatten the mass distribution to reduce bias
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— Distance Corelation reqgularization (DisCo)
Decorrelate anomaly score and invariant mass
distributions

Mass distribution invariant when applying
selection on anomaly score

Allow for data-driven background modeling

Results

— LHC Olympics 2020 dataset;s;

Community challenge to promote Anomaly Detection
algorithms
Black box dataset :

Background dominated (multijet)
Hidden signal : 2’ —» XY - (gg)(gq) — 2 large jets

g — background _ _
e Bump Model trained directly on

+ data unknown data
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