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ENABLING DISCOVERY AT THE LARGE HADRON COLLIDER THROUGH DATA-INTENSIVE 
COMPUTATION AND MACHINE LEARNING

(Top) “Images” created by jets of charged particles in Higgs decay 
signal events and background events that are detected by the ATLAS 
tracking system. (Bottom) Higgs boson identification accuracy and 
signal loss as a function of the number of training epochs for a 
variety of CNN configurations and hyperparameter settings.

The goal of particle physics is to understand the universe at its most fundamental level, including the 
constituents of matter and their interactions. It is an enormous challenge to process, analyze, and 
share the 50 petabytes of data generated by the Large Hadron Collider (LHC) experiments each year 
with thousands of physicists around the world. To translate the observed data into insights about 
fundamental physics, the important quantum mechanical processes and the detector’s responses to 
them need to be simulated to a high level of detail and with a high degree of accuracy. 

Collision and simulated events processed during the project were made 
available to the rest of the ATLAS collaboration for use in analysis of the LHC 
data to improve measurements of the Standard Model and to search for new 
physics. The techniques show promise in addressing the challenges of boosted 
Higgs boson identification and improving the sensitivity of new physics 
searches at the LHC. Of the three techniques, the DNN performed the best 
and is not being integrated into the ALTLAS code base for broader use. 

The team has integrated Blue Waters into the production processing environment 
to simulate and analyze massive amounts of LHC data. The team and collaborators 
have developed machine learning-based identifiers of boosted Higgs bosons based 
on (1) a convolutional neural network (CNN) trained using “images” created by jets 
of charged particles in Higgs decay events, (2) a Recursive NN and (3) a Deep 
Neural Network (DNN). Researchers have successfully trained these networks using 
GPUs on Blue Waters via a sequential Keras model with a TensorFlow backend.

Blue Waters, as a large CPU and GPU resource with high data-throughput capabilities, greatly facilitated this research. The strong support for containers allowed the 
team to deploy their science application on Blue Waters nodes. Also, Blue Waters provided a means for a highly parallelized and automated scanning of free 
parameters in the machine learning configurations and, therefore, rapid optimization of the teams boosted Higgs boson identifier.
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