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INTRODUCTION
Focus and motivation
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Beyond the Standard Model – Collider searches

Final Run of LHC – software and hardware ATLAS & CMS - general purpose detectors

Necessary training in ML/DL for future PhDs

- Analysis will benefit from AI methods

- Broad offer of libraries, ML/DL
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NOTE: outdated timeline



Precedents, focus and motivation

Trajectory of numerous TFGs and TFMs 𝑡 ҧ𝑡 events → BSM probe

ML itineraries
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https://doi.org/10.1051/epjconf/202429509009


KEY ELEMENTS
CERN Analysis facilities, simulation, ML methods 
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ATLAS Computing Facilities in Spain

Spanish ATLAS Tier-1 & Tier-2s Collaboration and coordination 

Disk usage 2024 
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MC Simulated Data

Negro, Giulia. (2022). Top Quark Modelling and Tuning in ATLAS and CMS. 
10.48550/arXiv.2201.03517. 

Simulation software Simulation parameters

Pythia8

CPU demanding Experiment-theory loop update
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DTs, BDTs, NNs – Deep Sets

DT based methods Neural Networks

DT BDT

RF
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ITINERARIES
Classification and Regression
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Use Case 1: SM/BSM semileptonic 𝑡 ҧ𝑡 classification

Semileptonic 𝑡 ҧ𝑡 SM (gluon) vs BSM (Z’)

Different 𝑀𝑍′
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Use Case 1: correlation matrices and first plots

SM Gluon vs 𝑡 ҧ𝑡 resonance (𝑀𝑍′ = 1000 GeV) 𝑡 ҧ𝑡 resonance (𝑀𝑍′ ∈ [500, 1500] GeV)

Key tendencies
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Use Case 1: final results

Number of BDT iterations Max depth of RF

OverfittingAssymptotic improvement

13



Use Case 2: Regression

Dileptonic ttbar regression Correlation matrices

Very low correlation

Best if px/py coordinates

CMS precedent
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https://inspirehep.net/literature/2814774


Use Case 2: architecture exploration

Activation function

Reweighting procedure Hyperparameter testing

Imbalanced dataset

DenseWeights
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Use Case 2: key results

Strong deviation – ongoing project Preliminary results

Slight resolution improvement

Notably worse reconstruction
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Use Case 3: ARTEMISA infrastructure and results

RF number of trees BDT vs RF

Local infrastructure
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ARTEMISA: metrics RF vs n_estimators ARTEMISA: BDT – RF performance



CONCLUSION
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Deep initiation into ML/DL applied to Physics

Useful for Bachelor’s / Master’s & first steps in HEP analysis

Classification: ttbar BSM signal

Regression: MET reconstruction

ARTEMISA: high-end computing infrastructure

ConclusionsConclusions

19



Key references

https://cds.cern.ch/record/2777658

- “Estudi de l’extracció del senyal ressonant de successos ttbar mitjançant tècniques de Machine
Learning en l’experiment ATLAS”, Alejandro Pérez García, Bachelor’s Thesis.

- “Approaching new challenges in the search for New Physics in ATLAS ttbar events”, Alejandro Pérez García, 
Master’s Thesis.

- “Estimation of Systematic Errors in Deep Learning Methods applied to the extraction of ttbar resonances in 
ATLAS experiment”, Guillem Arbona Ferrer, Master’s Thesis.

- B. H. Hodkinson, “METNet: A combined missing transverse momentum working point
using a neural network with the ATLAS detector”
https://cds.cern.ch/record/2777658

- “Measurement of the dineutrino system kinematics in dileptonic top quark pair events in pp collisions at 𝑠 =
13 TeV”, CMS collaboration, 2024

- D. Meuser, “Measurement of the differential dileptonic 𝑡 ҧ𝑡 cross section in a BSM phase
space with the CMS detector using the full LHC Run 2 data set,” Ph.D. dissertation, Sep. 2023

20

The authors gratefully acknowledge the computer resources at Artemisa and the technical support provided by 
the Instituto de Fisica Corpuscular, IFIC(CSIC-UV). Artemisa is co-funded by the European Union through the 
2014-2020 ERDF Operative Programme of Comunitat Valenciana, project IDIFEDER/2018/048.
This work was partially supported by MICINN in Spain under grant PID2022-136323OB-C21.

https://cds.cern.ch/record/2777658


THANK YOU FOR 
YOUR ATTENTION

21



ADDITIONAL SLIDES
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Successful attempt with Run 2 data at CMS Pileup resilience studies at CMS

CMS precedent
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Use Case 1: input variables

HEPMASS repositori: 7M for training - 3.5M for testing

22 LL variables

𝑝𝑡 , 𝜑, 𝜂, btag
4 jets

𝑝𝑡, 𝜑, 𝜂 lepton
𝑝𝑡, 𝜑, 𝜂 MET 
(neutrino)

5 HL variables

Invariant masses

b quarks

lepton

neutrino

inv masses

𝑝𝑡 = 𝑝𝑥
2 + 𝑝𝑦

2 

𝜑 = arctan(𝑝𝑦/𝑝𝑥) 

𝜂 = −ln tan
θ

2
 

not b quarks

𝑠𝑖𝑗
2 = 𝑚𝑖

2 +𝑚𝑗
2 + 2 𝑝𝑖 · 𝑝𝑗  

≈ 2(𝑝𝑖 · 𝑝𝑗) 
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𝑝𝑡 = 𝑝𝑥
2 + 𝑝𝑦

2 

𝜑 = arctan(𝑝𝑦/𝑝𝑥) 

𝜂 = −ln tan
θ

2
 

𝑠𝑖𝑗
2 = 𝑚𝑖

2 +𝑚𝑗
2 + 2 𝑝𝑖 · 𝑝𝑗  

≈ 2(𝑝𝑖 · 𝑝𝑗) 

2D pt

Leading jets

Leading
leptons

MET

All jets

Invariant 
masses

2 leptons

All jets

2 leading
jets

Others

Leading jet E

Scalar sum of 
jet pt

Use Case 2: input variables

Pseudorapidity and invariant masses New High-Level variables 
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Neural Network - MLP 

MLP architecture

Backpropagation

Stochastic Gradient Descent

https://www.3blue1brown.com/lessons/backpropagation
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MSE - MAE - Huber MSE - Huber - lgcosh

Loss function plot
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https://htcondor.readthedocs.io/en/latest/users-manual/submitting-a-job.html

HTCondor is the job manager at ARTEMISA

,sub file example:

.sh file copy

ARTEMISA - HTCondor
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https://htcondor.readthedocs.io/en/latest/users-manual/submitting-a-job.html
https://htcondor.readthedocs.io/en/latest/users-manual/submitting-a-job.html
https://htcondor.readthedocs.io/en/latest/users-manual/submitting-a-job.html
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https://htcondor.readthedocs.io/en/latest/users-manual/submitting-a-job.html
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Use Case 2: Architecture exploration I

Loss function exploration Custom loss definition Custom weights

DNN loss: MeanAbsoluteError

AdaBoost loss: linear

DNN loss: Huber

AdaBoost loss: exponential

DNN loss: MeanSquaredError

AdaBoost loss: square
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Loss function exploration Custom loss definition Custom weights

Use Case 2: Architecture exploration II

𝜆 = 0.1 𝜆 = 1 𝜆 = 1000
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Use Case 2: Architecture exploration III

Loss function exploration Custom loss definition Custom weights

Determination of missing transverse momentum using multivariate methods for a differential 

top pair production cross section measurement at CMS
31

https://inspirehep.net/literature/2673249
https://inspirehep.net/literature/2673249
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Inclusion of all 
simulated neutrinos 
may be beneficial

Comparison 
between ATLAS and 
CMS might be key

Lower-level 
reconstruction may 
yield better results

Use Case 2: DeepSets exploration – Key findings



Embedding word differences using Chat-GPT2 - https://www.3blue1brown.com/lessons/gpt

Embedding concept of “plurality” using Chat-GPT2 - https://www.3blue1brown.com/lessons/gpt

Embedding examples
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https://www.3blue1brown.com/lessons/gpt
https://www.3blue1brown.com/lessons/gpt


By AnotherSamWilson - Own work, CC BY-SA 4.0

https://commons.wikimedia.org/w/index.php?curid=84842869

Exploration alternative - BayesOpt
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https://commons.wikimedia.org/w/index.php?curid=84842869


GAN - diagram

VAE - diagram

Fast simulation alternatives – GAN and VAE 
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Negro, Giulia. (2022). Top Quark Modelling and Tuning in ATLAS and CMS. 10.48550/arXiv.2201.03517. 

POWHEG-HVQ + PYTHIA8 set up – CMS and ATLAS
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Pythia simulation procedure - animation
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Pythia simulation procedure - complete
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LHC as a top factory
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𝑀𝑊 statistical error

Successful attempt with Run 2 data at CMS Pileup resilience studies at CMS
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