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Brief overview of the Dark Matter search at CMS.
The analysis framework HEPHero.

Introduction to HEPHeroML.

Default code generation.




+: 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

FTamenNN

e Public link. Autor: Gilson Correia Silva
(UERJ).
e Consist of 3 repositories:

o HEPHero, HEPHeroML and
HEPHeroLib.

AMachine Leaxtwsy

e Aims to provide all the necessary tools
for a typical HEP analysis. HEPH IEIR

AIERHER®



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

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

e Consist of 3 repositories:

o HEPHero, HEPHeroML and
HEPHeroLib.

e Aims to provide all the necessary tools
for a typical HEP analysis.

e My focus in the analysis is using
HEPHeroML.

FTamenNN

HEPHERO

AMachine Leaxtwsy

AERRHER®

AIERHER®


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

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

e The framework focus on training and testing neural networks.

e 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

e With the code generate_frainer.py, we can
create the script for training the neural
network.

e The code automatically builds all possible
NN architectures.

e [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.

# ML setup

device = 'cuda'

library = 'torch'

optimizer = ['ranger', 'adam']
loss_func = ['bce']

learning_rate = [[0.1, 0.01, 0.001], [0.01]]

# Models setup

model_type = 'NN'
model_parameters = {
'num_layers': [1, 2],
'num_nodes': [10],
'activation_func': ['elu', 'relu', 'gelu'l],
'batch_norm': [True, False],
'dropout': [None, 0.2, 0.5]
}

# Training setup

batch_size = [1000, 500]
load_size_stat = 120000
load_size_training = 100000
num_load_for_check = 4
train_frac = 0.5
eval_step_size = 250
eval_interval = 20
num_max_iterations = 10000
early_stopping = 20

initial_model_path = None



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

Model candidates

e These parameters combined generate all possibilities of the models to
train.

e Table 1 shows the example of the 6 first NN architecture of more than
800 possibilities.

Table 1: Combinations of the neural model.

ID | Model | Dataset | Sample | Optimizer | Loss | Epochs | Learning Rates | Layers | Activation | Batch Norm | Dropout
0 NN 0_22 Signal sample ranger bce 1000 0.1, 0.01, 0.001 10 elu True None

1 NN 0_22 Signal sample ranger bce 1000 0.1, 0.01, 0.001 10 elu True 0.2

2 NN 0_22 Signal sample ranger bce 1000 0.1, 0.01, 0.001 10 elu True 0.5

3 NN 0_22 Signal sample ranger bee 1000 0.1, 0.01, 0.001 10 elu False None

4 NN 0_22 Signal sample ranger bce 1000 0.1, 0.01, 0.001 10 elu False 0.2

5 NN 0 22 Signal sample ranger bce 1000 0.1, 0.01, 0.001 10 elu False 0.5

e \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).
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Thank You.

Obrigado.

iGracias!
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: HEPHero workflow
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Submitted Outpath

Datasets jobs Dlpath Python Library
T - dat:set > 1
1 1 process
il
Analysis
i dataset ‘ dataset s codes

e P ~N proizess ‘ e -
HIEPHER. - - dataset = pyH

HEPHero process

—_— \_ Framework - 1
0 L
o - i HEPHERW
o HEPHero
N Machine Learning




The main commands line

e Create a python script for training and testing models.
o python generate_trainer.py -s NN -t template

e This line select the type of neural network and a "tag".
e This line create a script called "train_NN _tamplete.py". For show all
possibilities models, we use the command line:
o python train_NN_template.py -j -2
e Fro training one of all possibilities:
o python train_NN_tamplete.py -j 0 (O reference to the first model)
e For training all models:
o ./submit_jobs.sh -l -n 100 -t train_NN_tamplete.py

e To check the best model:
o train_NN_tamplete.py —evaluate
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=="  Model candidates - default
code

#.

# ML setup

#

e With the code generate_frainer.py, we can :
. . . 4 device = 'cuda'
create the script for training the neural s librery = 'toreh!
6 optimizer = ['ranger', 'adam', 'sgd']
network. » loss
s learning rate = [[0.1, 0.01, 0.001], [0.01]]

loss_func = ['bee', 'cce']
e The code automatically builds all possible

#

11 # Models setup

NN architectures. n ot
. . . 13 model_type = 'NN'
[ ] EaCh parameter deflned as a ||St IS 14 model_parameters = {'num_layers': [1, 2], 'num_nodes': [10], 'activation_func': ['elu', 'relu', 'gelu'l,

15 'batch_norm': [True, False], 'dropout': [None, 0.2, 0.5]}

combined, generating multiple candidate  *

17 #

models to be trained and evaluated. e e

20 batch_size = [1000, 500]

® Each unique combination corresponds to  x lead-stze.stat = 120000

load_size_training = 100000

23 num_load_for_check = 4

a different neural network architecture, w train_frac = 0.5
. . . 25 eval_step_size = 250
which is automatically generated. w eval_interval = 20

27 num_max_iterations = 10000
28 early_stopping = 20
29 initial _model_path = None



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

