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If you are reading this as a web page: have fun!
If you are reading this as a PDF:
please visit

https://www.hep.uniovi.es/vischia/persistent/2024-05-07_ArtificialIntelligenceAtCERN_vischia.html

to get the version with working animations
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We Try to Understand the Universe

―
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https://home.cern/news/series/lhc-physics-ten/recreating-big-bang-matter-earth


1954:
CERN is
founded

―
Image from the CERN archives Pietro Vischia - Artificial Intelligence at CERN - 2024.05.07 --- 3 / 37

https://home.cern/about/who-we-are/our-history


1964: CERN's nursery

―
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https://cds.cern.ch/record/1728671/files/vol4-issue5.pdf


Our mission

―
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https://home.cern/about/who-we-are/our-mission


A vocation for recycling

―
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https://doi.org/10.1103/PhysRevSTAB.16.054801


Discover!

―
Image from the New York Times Pietro Vischia - Artificial Intelligence at CERN - 2024.05.07 --- 7 / 37

https://www.nytimes.com/2012/07/05/science/cern-physicists-may-have-discovered-higgs-boson-particle.html


Keep rediscovering!

―
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http://127.0.0.1:8001/my_statistics_course/some%20CMS%20Analysis


(strong ICTEA contrib!)

Our latest Nature paper

―
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https://doi.org/10.1038/s41586-022-04892-x


AI, the eternal buzzword?
Artificial Intelligence (AI)

Machine Learning (ML)

Statistical Learning

―
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https://trends.google.com/trends/explore?date=all&q=AI,Machine%20Learning,Artificial%20Intelligence
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What do we do

―
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https://indico.nikhef.nl/event/4875/contributions/21153/attachments/8264/11798/DeepLearning_EUCAIFCon_Amsterdam_2024_v2.pdf


Where we can plug AI

―
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Most theory papers are symbolic
AI-assisted theorem proofing

LLMs to solve mathematical problems

Simplify polylogarithms (no classical algorithm available, LLMs 91% success!)

―
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https://indico.nikhef.nl/event/4875/contributions/21152/attachments/8268/11791/EuCAIFcon2024-Schwartz.pdf


Find nontrivial Calaby-Yau metrics

(1910.08605)

Look for fixed points of metric

flows (2310.19870)

Predict rank of gauge group
(1707.00655, prediction later

proven)

Most theory papers are symbolic
5-point MHV amplitude w/ Feynman diagrams: from 1990 tokens to 27 tokens

Solve string theory 😜

―
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https://indico.nikhef.nl/event/4875/contributions/21152/attachments/8268/11791/EuCAIFcon2024-Schwartz.pdf


Can AI find interesting questions?

Can AI models teach themselves to

be good physicists using data?

If AI understands physics (can

calculate everything) but we do

not, do we consider it an
acceptable "understanding"?

Beyond symbolic manipulation
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https://indico.nikhef.nl/event/4875/contributions/21152/attachments/8268/11791/EuCAIFcon2024-Schwartz.pdf


Accelerate accelerators
Daily operation and control have huge impact on resources and efficiency

Beam scheduling: changing supercycle requires 20-100 clicks (2-25min) about 60 times/day

15% of the yearly cost of SPS fixed target cycle employed for "waste" cycles to mitigate

hysteresis problems

What if we could make them fully automatic (like e.g. Space telescopes)?

―
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https://doi.org/10.48550/arXiv.2312.05667


Accelerate accelerators
Hierarchical, AI-controlled autonomous systems

Optimize trasmission to target in a system with 5 DoF, using Bayesian

Optimization
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Trigger
See talks by A. Zabi and S. Folgueras

Pack AI models into the L1 trigger  improve selection criteria

At ICTEA!

Can do e.g. anomaly detection, and online graph building

→
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Simulations: the problem
Monte Carlo simulations are very costly

The more data we collect, the more simulated events we need
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Simulation: two solutions

―
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https://arxiv.org/abs/1705.02355
https://arxiv.org/abs/2008.06545


Cheetah MadJax
(differentiable matrix element

computation)

Simulation: long term solution
Make everything differentiable, exploiting differentiable programming

―
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https://www.hep.uniovi.es/vischia/persistent/2022-10-06_autodiffAtPHYS570AIPurdue_vischia.html
https://arxiv.org/abs/2401.05815
https://arxiv.org/abs/2203.00057


Reconstruction...

―
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https://arxiv.org/abs/2401.05815


...with AI

―
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https://arxiv.org/abs/2401.05815


Identification...

―
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https://indico.nikhef.nl/event/4875/contributions/21153/attachments/8264/11798/DeepLearning_EUCAIFCon_Amsterdam_2024_v2.pdf


Vast landscape of taggers CMS Muon ID: made in

ICTEA!

...with AI

―
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https://doi.org/10.1088/1748-0221/19/02/P02031


Use classifiers to learn appropriate

weights

Morph distributions one into the

other using diffusion models

Inference: unfolding
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https://arxiv.org/abs/1911.09107
https://arxiv.org/abs/2404.XXXXX


Inference: anomaly detection

Pietro Vischia - Artificial Intelligence at CERN - 2024.05.07 --- 28 / 37



Go to INFERNO: syst-aware
inference opt.

―
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https://doi.org/10.1016/j.cpc.2019.06.007


Measurement-aware analysis opt.



neos

―
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https://arxiv.org/abs/2203.05570


Measurement-aware detector opt.!
Joint optimization of design parameters w.r.t. inference made with data

MODE White Paper, 10.1016/j.revip.2023.100085 (2203.13818), 117-pages

document, physicists + computer scientists

―
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https://doi.org/10.1016/j.revip.2023.100085
https://arxiv.org/abs/2203.13818
https://arxiv.org/abs/2203.13818


Prototype for muon tomography

0:00
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CERN AI structures
CERN Interexperimental Machine Learning Working Group,
https://iml.web.cern.ch
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https://iml.web.cern.ch/


CMS AI structures
Shared coordination area between Physics and Offline&Computing

Informs the collaboration, promotes new techniques, review AI-based analyses

Real impact on steering AI applications in a 5000k members collaboration
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European AI structures
European initiative for advancing the use of Artificial Intelligence (AI) in
Fundamental Physics"

ICTEA (PV) in the Steering Board!
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X/  detectors (Xrays, PET)

Hadron therapy and proton CT

Vacuum technology

Cryogenics

Art

WWW

MRI

GPS

Satellites

Solar panels

Airport security scanners

Space watch (avoid asteroids)

Fundamental  Applied
Industries (e.g. in Asturias) can profit from AI developed at CERN!

Just contact us!

Many industrial applications of CERN AI technology

→

―
Images from CERN

γ
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https://home.cern/about/what-we-do/our-impact


We have been doing "AI"-assisting

since thousands of years

Be prepared for the next thousand!
―
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https://en.wikipedia.org/wiki/Tabula_Rogeriana#/media/File:Tabula_Rogeriana_1929_copy_by_Konrad_Miller.jpg

