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Introduction
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https://www.symmetrymagazine.org/article/december-2013/four-things-you-might-not-know-about-dark-matter

https://www.google.com/url?q=https://www.symmetrymagazine.org/article/december-2013/four-things-you-might-not-know-about-dark-matter&sa=D&source=editors&ust=1789511390864441&usg=AOvVaw2tIQmEfyxZLhOnHoSz5hTE


The Challenge
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Q: How do you find a 
needle in a haystack? 



The Challenge
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Q: How do you find a 
needle in a haystack?
A: You use a magnet! 



The Challenge
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Theory was right!

Constrain the new 
theory

Plausible Theory: 
SUSY, WIMPs, LLPs

Verification: Confirm 
the theory using data



The Challenge
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Plausible Theory: 
SUSY, WIMPs, LLPs Search for anomalies!

Interpretation

Constrain many 
theories



OmniLearn
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Create a neural network to accomplish 2 tasks:
● Classify jets: learns the difference in 

radiation signature between jet types
● Generate jets: implicitly learn the likelihood of 

jets for different initial partons

V. Mikuni, B. Nachman, Phys.Rev.D 111 (2025) 5, L051504
W. Bhimji, C. Harris, V. Mikuni, B. Nachman, Phys.Rev.D 113 
(2026) 3, 3



1 Billion Dataset
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Combine multiple open datasets in 
HEP 
More than 1 Billion Jets are 
accessible directly from the 
software package
● 210 Jet Classes
● Mixture of simulations with 

real experimental data

https://www.google.com/url?q=https://github.com/ViniciusMikuni/OmniLearned/tree/main&sa=D&source=editors&ust=1789511392232516&usg=AOvVaw3uaeBZZJPe2XzSNgX1Z_Y2


Jet Classification: Top Tagging
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● Fine-tune the pre-trained model on 
the Top Tagging Community Dataset, 
a traditional benchmark dataset in 
HEP



Jet Classification
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OmniLearned achieves SOTA performance
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OmniLearned Generalizes across scientific fields

Inference of Cosmological Parameters 
from galaxy halos

Interatomic 
potentials from 
molecules

V. Mikuni, I. Elsharkawy, B. Nachman arXiv:2512.24422

I. Elsharkawy, V. Mikuni, B. Nachman, W. Bhimji arXiv:2601.10791

G. Krzmanc, V. Mikuni, B. Nachman, C. Wilkinson arXiv:2604.12364
Pion Classification and energy regression ar Minerva

https://www.google.com/url?q=https://arxiv.org/abs/2512.24422&sa=D&source=editors&ust=1789511392620467&usg=AOvVaw3WqvZQ_ovaVeobnXlJO-vZ
https://www.google.com/url?q=https://arxiv.org/abs/2601.10791&sa=D&source=editors&ust=1789511392621325&usg=AOvVaw1U-WSbjo9aaYvzD4IgD0ze
https://www.google.com/url?q=https://arxiv.org/abs/2604.12364&sa=D&source=editors&ust=1789511392743042&usg=AOvVaw0T5jtU0yDujYN4Qr83JMEP


Anomaly Detection
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Use experimental data 
Signal: top quarks, 
corresponding to 0.1% of 
the data
● Model trained from 

scratch unable to 
find the anomaly
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Use experimental data 
Signal: top quarks, 
corresponding to 0.1% of 
the data
● Model trained from 

scratch unable to 
find the anomaly



Anomaly Detection
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We perform a full 
analysis of data events 
flagged as anomalous in a 
dijet system
● Dominated by top 

quark pair production

Small Large



Anomaly Detection
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b-only
s+b

We perform a full 
analysis of data events 
flagged as anomalous in a 
dijet system
● If we consider a HH 

signal, the observed 
significance is 3.3



Anomaly Detection
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b-only s+b

We perform a full analysis of 
data events flagged as 
anomalous in a dijet system
● If we consider a HH 

signal, and subleading jet 
mass > 90 GeV, the 
observed significance is 
3.84



Anomaly Detection
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b-only s+b

We perform a full analysis of 
data events flagged as 
anomalous in a dijet system
● If we consider a HH 

signal, subleading jet 
mass > 90 GeV, and 1 
b-tagged jet, the observed 
significance is 4.25



Anomaly Detection
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While compatible with the signal 
template, it is highly unlikely that 
the excess comes from SM HH
● Observed yield: 4000 x HH
● Current limits at 2.5 x HH

CMS-PAS-HIG-25-014



Anomaly Detection
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If we change the anomaly 
score for a X(bb) tagger, no 
excess is observed
● Possibly not a bb final 

state

b-only s+b



Conclusion
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Anomaly Detection aims to find new 
physics with less assumptions
Foundation Models improve 
sensitivity to anomalous events
Intriguing excess observed, stay 
tuned for more developments
Read more: 
https://arxiv.org/pdf/2603.23593 

https://www.google.com/url?q=https://arxiv.org/pdf/2603.23593&sa=D&source=editors&ust=1789511393745772&usg=AOvVaw121JWlBhq4EYuxpzv89VKa
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THANKS!
Any questions?



Backup

23



PET
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Train one model that learns to classify and generate jets
● Combine both local and global information using local edges 

and a transformer: Point-Edge Transformer

More details at: https://arxiv.org/abs/2404.16091

https://www.google.com/url?q=https://arxiv.org/abs/2404.16091&sa=D&source=editors&ust=1789511393917405&usg=AOvVaw0hDg1flIgyqmmy9dWGlnX6


Diffusion Generative Models

25Source: 
https://yang-song.net/blog/2021/score/

https://www.google.com/url?q=https://yang-song.net/blog/2021/score/&sa=D&source=editors&ust=1789511394085304&usg=AOvVaw1L8n0weFMeksByR2uhy_CS


Loss function
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Straightforward loss function:
● Cross entropy for each class
● Perturbed data prediction from the diffusion loss
● Classification over perturbed inputs: data augmentation!

More details at: https://arxiv.org/abs/2404.16091

https://www.google.com/url?q=https://arxiv.org/abs/2404.16091&sa=D&source=editors&ust=1789511394170910&usg=AOvVaw1hFSdDJE2r__E9PvaCS6Bg


Anomaly Detection

27

Use Kernel 
Density 
Estimation (KDE) 
to estimate the 
joint pdf



Anomaly Detection

28

Dijet mass is not very 
smooth eitherb-only s+b



Additional Checks
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Single Muon control region 
used to verify the ttbar 
agreement



Additional Checks
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Split ttbar contribution 
based on matched gen 
particles



Additional Checks
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Compatibility with 2-prong 
distributions for both theta and z 
distributions used to calculate the 
softdrop mass


