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Outline

● Brief overview of the Dark Matter search at CMS.
● The analysis framework HEPHero.
● Introduction to HEPHeroML.
● Default code generation.
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Search for Dark Matter production

● For this work we use the Two Higgs Doublet 
Model (2HDM) plus a pseudoscalar mediator "a".

● This model give to us 5 new particles, 2 charged 
and 3 neutral ones, to be added in the Standard 
Model.

● Our group has a published analysis using 
samples from Run 2. Arxiv link. Analysis briefing 
link.

● We are using the HEPHero framework to search 
for Dark Matter production in association with 
bottom quarks.

● At the moment, we have a new analysis with the 
full hadronic final state with samples from Run 3.
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https://arxiv.org/abs/2510.12396
https://cms.cern/news/center-milky-way-cms
https://cms.cern/news/center-milky-way-cms


The HEPHero analysis framework

● Public link. Autor: Gilson Correia Silva 
(UERJ).

● Consist of 3 repositories:
○ HEPHero, HEPHeroML and 

HEPHeroLib.
● Aims to provide all the necessary tools 

for a typical HEP analysis.
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https://github.com/DESY-CBPF-UERJ
https://github.com/DESY-CBPF-UERJ/HEPHero
https://github.com/DESY-CBPF-UERJ/HEPHeroML
https://github.com/DESY-CBPF-UERJ/HEPHeroLib


The HEPHero projects
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● Public link. Autor: Gilson Correia Silva 
(UERJ).

● Consist of 3 repositories:
○ HEPHero, HEPHeroML and 

HEPHeroLib.
● Aims to provide all the necessary tools 

for a typical HEP analysis.
● My focus in the analysis is using 

HEPHeroML.

https://github.com/DESY-CBPF-UERJ
https://github.com/DESY-CBPF-UERJ/HEPHero
https://github.com/DESY-CBPF-UERJ/HEPHeroML
https://github.com/DESY-CBPF-UERJ/HEPHeroLib


About the HEPHero Machine Learning

● The HEPHeroML is a framework to configure and to train machine 
learning models.

● The framework focus on training and testing neural networks.
● The inputs are h5 files and the output are the model trained with the 

performance information and the overtraining control.
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Model candidates - default 
code
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● With the code generate_trainer.py, we can 
create the script for training the neural 
network.

● The code automatically builds all possible 
NN architectures. 

● Each parameter defined as a list is 
combined, generating multiple candidate 
models to be trained and evaluated.

● Each unique combination corresponds to 
a different neural network architecture, 
which is automatically generated.

https://github.com/DESY-CBPF-UERJ/HEPHeroML/blob/main/generate_trainer.py


Model candidates
● These parameters combined generate all possibilities of the models to 

train.
● Table 1 shows the example of the 6 first NN architecture of more than 

800 possibilities.

● We use early stopping to check for the lowest value of the loss function. 
After training all the desired models with a single command line, we can 
check which model performed best (lowest value of the loss function).8



Information about the training 
- automatically

In addition to the plots, we have:

● The model (onnx 
extension).

● Score of each feature.
● Learning Rate information.
● Distribution plots of each 

variable.
● CSV file with per 

interaction information of 
the:

○ Train and test 
accuracy.

○ Train and test loss.
9



Obrigado.
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Thank You.

¡Gracias!



Backup
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HEPHero workflow
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The main commands line
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● Create a python script for training and testing models.
○ python generate_trainer.py -s NN -t template

● This line select the type of neural network and a "tag".
● This line create a script called "train_NN_tamplete.py". For show all 

possibilities models, we use the command line:
○ python train_NN_template.py -j -2

● Fro training one of all possibilities:
○ python train_NN_tamplete.py -j 0 (0 reference to the first model)

● For training all models:
○ ./submit_jobs.sh -l -n 100 -t train_NN_tamplete.py

● To check the best model:
○ train_NN_tamplete.py –evaluate



Model candidates - default 
code
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● With the code generate_trainer.py, we can 
create the script for training the neural 
network.

● The code automatically builds all possible 
NN architectures. 

● Each parameter defined as a list is 
combined, generating multiple candidate 
models to be trained and evaluated.

● Each unique combination corresponds to 
a different neural network architecture, 
which is automatically generated.

https://github.com/DESY-CBPF-UERJ/HEPHeroML/blob/main/generate_trainer.py

