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Scope of New Physics 
Research
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• Many proposed theory models 

• But lots of possible models not 

thought of yet.

• Traditional search:

• Test individual hypothesis 

tuned to point at a time.

• Direction unclear after Higgs 

boson discovery

• Generic search with anomaly 

detection is an excellent 
complementation to traditional 
ways.



Why Anomaly Detection 
• What is it: Identify rare items that differ significantly from 

majority of data. 

• Supervised classifier as a comparison: 

• Optimum for a given hypothesis

• Not generic. Not robust when anomaly is unknown.


• Unsupervised with Auto-Encoder:

• Generic. 

• Excellent complement to traditional hypothesis-

specific search. 

• Why it works: New physics processes produce different 

final products. Can be detected as anomaly.
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Auto-Encoder
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• Train an auto-encoder on normal events with the 
goal of minimizing reconstruction error. It recognizes 
how normal events look like.


• Test normal event -> faithful reconstruction.

• Test anomaly event -> poor reconstruction. 

• “reconstruction error” is the anomaly tagger.

Input Output

Latent space

anomaly events

normal events

Images source and reference: [1808.08979, 1808.08992]




Reminder: How Physics Processes are 
Detected at LHC 
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Image: https://atlas.cern/discover/detector
• Apply anomaly detection on object-level: 

boosted objects and jet substructure. 




A Few Jet Substructures

!6

Examples of new physics jets proposed by phenomenology studies

Standard Model jets

Dark jet

topWlight 
quark

light quark jet

(u, b, s, c)


Called QCD jets W jet containing 

two sub- QCD jets top jet containing


three sub-jets:

a b jet, 2 QCD jets

semi-visiblemultiplicity of jets.
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Project Road Map
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“Rediscover” 
top quark 

Supervised 
classifier 

top vs. QCD

Detect new 
physics

supervised 
approach for 

dedicated signal 
(dark jets/ SUSY, 

etc) vs. QCD

unsupervised   
AE 

Unsupervise
d VAE to tell 

apart top from 
QCD

(Start with known physics 

to validate approach.)

Reference
Reference
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• Normal events: MC simulated QCD events (production of two light quark 
jets)


• Anomaly events: Simulated production of top quarks.

• Input features: “best” jet substructure observables including N of sub-jets, 

energy correlation of sub-jets, etc. proposed by previous studies (see 
Matt’s talk).


• Status: Supervised classifier trained with Keras Dense layers. 
Performance consistent with published work.

First Attempt: “Re-
Discover” Top Quark

QCDtop



What’s Next
• For both supervised and unsupervised

• Input features: Raw detector data vs. high-level features

• Anomaly benchmarks: Top/ Dark jets/ SUSY particles, …


• For unsupervised. 

• Train on bkg MC.

• Compare different MC models and different systematics. 

Check robustness.

• Analyze latent space. What has been learned?

• Can we further use latent space. extract physics features. 


• Goal: obtain an anomaly object tagger and use it in physics 
analysis. 
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