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Introduction 
 

The Higgs Boson Machine Learning competition is a competition hosted on Kaggle and sponsored                           
by CERN and the ATLAS experiment. The goal of this was to use machine learning algorithms to                                 
effectively predict the behaviour of Higgs boson particles. High Energy Physics (HEP) has been using                             
Machine Learning (ML) techniques such as boosted decision trees (paper) and neural nets since the 90s.                               
These techniques are now routinely used for difficult tasks such as the Higgs boson search. In the                                 
competition, they provided a data set containing a mixture of simulated signal and background events, built                               
from simulated events provided by the ATLAS collaboration at CERN. We had to develop machine                             
learning algorithm for signal/background separation. 
 

The ATLAS experiment and the CMS experiment recently claimed the discovery of the Higgs                           
boson [1, 2]. The discovery was acknowledged by the 2013 Nobel prize in physics given to Francois                                 
Englert and Peter Higgs. This particle was theorized almost 50 years ago to have the role of giving mass                                     
to other elementary particles. It is the final ingredient of the Standard Model of particle physics, ruling                                 
subatomic particles and forces. The experiments are running at the Large Hadron Collider (LHC) at                             
CERN (the European Organization for Nuclear Research), Geneva, which began operating in 2009 after                           
about 20 years of design and construction, and which will continue operating for at least the next 10 years.                                     
The Higgs boson has many different processes through which it can decay. When it decays, it produces                                 
other particles. In physics, a decay into specific particles is called a channel. The Higgs boson has been                                   
seen first in three distinct decay channels which are all boson pairs. One of the next important topics is to                                       
seek evidence on the decay into fermion pairs, namely tauleptons or bquarks, and to precisely measure                               
their characteristics. The first evidence of the H to tau tau channel was recently reported by the ATLAS                                   
experiment [3], which, in the rest of this paper, will be referred to as ”the reference document”. The                                   
subject of the Challenge is to try and improve on this analysis. 

The goal of the Challenge 
 

The goal of the Challenge is to improve the procedure that produces the selection region. We are                                 
provided a training set with signal/background labels and with weights, a test set (without labels and                               
weights), and a formal objective representing an approximation of the median significance (AMS) of the                             
counting test. The objective is a function of the weights of selected events. We expect that significant                                 
improvements are possible by revisiting some of the ad hoc choices in the standard procedure, or by                                 
incorporating the objective function or a surrogate into the classifier design. 
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Problem Description 
 

A key property of any particle is how often it decays into other particles.ATLAS is a particle                                 
physics experiment taking place at the Large Hadron Collider at CERN that searches for new particles                               
and processes using headon collisions of protons of extraordinarily high energy. The ATLAS experiment                           
has recently observed a signal of the Higgs boson decaying into two tau particles, but this decay is a small                                       
signal buried in background noise.  

 
The data set containing a mixture of simulated signal and background events. Predictor variables                           

are prefixed with PRI and DER. Variables prefixed with PRI (for PRImitives) are “raw” quantities about                               
the bunch collision as measured by the detector and variables prefixed with DER (for DERived) are                               
quantities computed from the primitive features, which were selected by the physicists of ATLAS. Data                             
set contains 250000 events of training set and 550000 events of test set. 
 
According to the Kaggle, the basic introduction to the problem is; 
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“Discovery of the long awaited Higgs boson was announced July 4, 2012 and confirmed                           
six months later. 2013 saw a number of prestigious awards, including a Nobel prize. But                             
for physicists, the discovery of a new particle means the beginning of a long and                             
difficult quest to measure its characteristics and determine if it fits the current model of                             
nature. 

A key property of any particle is how often it decays into other particles.ATLAS is a                               
particle physics experiment taking place at the Large Hadron Collider at CERN that                         
searches for new particles and processes using headon collisions of protons of                       
extraordinarily high energy. The ATLAS experiment has recently observed a signal of                       
the Higgs boson decaying into two tau particles, but this decay is a small signal buried                               
in background noise.  

The goal of the Higgs Boson Machine Learning Challenge is to explore the potential of                             
advanced machine learning methods to improve the discovery significance of the                     
experiment. No knowledge of particle physics is required. Using simulated data with                       
features characterizing events detected by ATLAS, your task is to classify events into                         
"tau tau decay of a Higgs boson" versus "background."  

The winning method may eventually be applied to real data and the winners may be                             
invited to CERN to discuss their results with high energy physicists.” 

   

 7 

http://www.google.com/url?q=http%3A%2F%2Fwww.nobelprize.org%2Fnobel_prizes%2Fphysics%2Flaureates%2F2013%2F&sa=D&sntz=1&usg=AFQjCNE-DUMPPr8veZWu6kStVUhX6KTpeQ
http://www.google.com/url?q=http%3A%2F%2Fatlas.ch%2F&sa=D&sntz=1&usg=AFQjCNEfNled83NIZEloBHEbaahGS6-W2Q
https://www.google.com/url?q=https%3A%2F%2Fwww.kaggle.com%2Fc%2Fatlas-higgs-boson%2Fdetails%2Fatlas-detector-and-analysis-pipeline&sa=D&sntz=1&usg=AFQjCNHm5XBM0z6WUQ33WMvTfoR9NJkgZg


Data Set 

File descriptions 

1. training.csv  Training set of 250000 events, with an ID column, 30 feature columns, a weight                               
column and a label column. 

2. test.csv  Test set of 550000 events with an ID column and 30 feature columns. 

3. random_submission  Sample submission file in the correct format. File format is described on the                             
Evaluation page. 

4. HiggsBosonCompetition_AMSMetric  Python script to calculate the competition evaluation                 
metric. 

 

HIgh level details of the data fields 
 

● all variables are floating point, except PRI_jet_num which is integer 

● variables prefixed with PRI (for PRImitives) are “raw” quantities about the bunch collision as                           
measured by the detector. 

● variables prefixed with DER (for DERived) are quantities computed from the primitive features,                         
which were selected by  the physicists of ATLAS 

● it can happen that for some entries some variables are meaningless or cannot be computed; in this                                 
case, their value is −999.0, which is outside the normal range of all variables 
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Preanalysis of data 
 
We created MySQL database for preprocessing and analysis process. We used python and                         

Rapid minor studio for initial processing... 
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Missing values  
 

We analyzed the input data for missing values. Some of missing values data is given below. 
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Seven data fields has missing values up to 70% and three data fields have missing values up to                                   
40%. One data field(DER_mass_MMC) has 15.24% missing values. All the other data fields contains no                             
missing values. Missing values percentages for predictor variables are given below.   

 

 

Outliers 
 

Outliers are detected in some of attributes in the data set. We used several methods for remove                                 
that outliers depend on the data type. Possible recognized outlier analysis chart is given below. 
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Special Observations 
 

One of the most notable observations was that as is exemplified by above diagrams, most of the                                 
variables have a very low variance. And dropping low variance attributes from the training model resulted                               
in a drop of performance. And finding a combination of low variance was also a difficult task given the                                     
number of attributes.  
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PreProcessing of Data 

Filling missing values 
 

It was concluded that missing values did not matter that much in this particular contest because                               
we have tried replacing these with min, max, median, mean, randomforest predictions, glm predictions and                             
so forth. It did not vastly change the leaderboard scores (or AUC) compared to doing nothing and leaving                                   
everything at 999.0. It was also noted that a lot of these benchmarks change these to NAs and just run a                                         
training model which handled NA values. It did not change a score of 3.6 into a 3.7 regardless of the                                       
method used to handle missing values. 

 
The academic literature might say outliers matter. Maybe in some theoretical toy example of OLS                             

versus LAD with huge leverage but most algorithms (gbm, rf) seem fairly robust especially if we use                                 
ensemble. 
 

 
 

Remove outliers 
 

Some numeric feature variables contained outliers data. We filled them with average values.                         
Outliers was defined as points which had a distance from the median that exceeds 1.5 times the                                 
interquartile range of the given feature  
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Data Selection and Transformations 
 

Attribute reduction  
Before applying any methods to the dataset, we first did a Principal Component Analysis on the attribute                                 
to identify priority of attributes but it was not that successful.  
 

 
 

We removed some features with a high percentage of missing values. Missing values percentages                           
for predictor variables are given below.   

 

 
 

 
 
Although, when features are removed  with high percentage of missing values accuracy of the 

results seems to reduced.  
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Normalization  
When normalizing the numeric predictor variables, accuracy of the model reduced unexpectedly.   

 

 
 
For final algorithm we avoid the normalizing for predictor variables.   
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Data Mining and Prediction 

Model Selection 

Naive Bayes Classifier 
 

The Naive Bayes Classifier was the first benchmark that we broke with the Scikit Learn                             
packages. It was also the first submission that we got a higher score than the random submission                                 
benchmark.  

Pybrain Neural Network 
 

We tried to solve this problem by training a neural network to classify each events into “Higgs                                 
Boson” or “Background”. We used pybrain machine learning library and we used a neural network with                               
following specifications. 
 

● Input layer : 30 Sigmoid Neurons 
● Hidden Layer : 45 Sigmoid Neurons 
● Output Layer : 1 Sigmoid Neuron 

 
This is a fully connected neural network and we used back propagation as the training algorithm.                               

Since we didn’t get any good results from this method and training neural network takes a long time, we                                     
decided to change our approach. 
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Multiboost Classifier 
 

The multiboost classifier is a benchmark classification provided by the competition hosts. The                         
strategy of multiboost is to iteratively run an AdaBoost classification 3000 times to get better results. This                                 
method was quickly disregarded, however, due to the fact that very little flexibility and transparency about                               
the algorithm itself was provided.   
 

SVM 
 

Support Vector Machines employ the technique of mapping a featureset into a higher dimension                           
and finding a hyperplane that best separates two sets of mapped data points on the new vector space.                                   
However, using this in this particular case did not result in a good score.  
 
 

 
 

Gradient Boosting Classifier 
 

The gradient boost algorithm is an ensemble method where weaker learners (such as decision                           
trees ) combine to make a stronger learner. The algorithm, in simple terms, is one that uses a differentiable                                     
loss function to calculate the adjustments needed to be made to a consecutive successor learner in an                                 
iterative learning sequence. The adjustment is done through proxy by taking the steepest descent of the                               
loss function with respect to the hypothetical pseudoresiduals. It is regarded as one of the first boosting                                 
algorithms to render arbitrarily better results as opposed to the primitive AdaBoost (Adaptive Boosting).  
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Input: training set a differentiable loss function number of                     

iterations   

Algorithm: 

1. Initialize model with a constant value: 

2.  

3. For m = 1 to M: 
1. Compute socalled pseudoresiduals: 

 

2. Fit a base learner to pseudoresiduals, i.e. train it using the                       

training set  . 

3. Compute multiplier by solving the following onedimensional               

optimization problem: 

 

4. Update the model: 

 

4. Output   

 
An ASM score of about 3.571 was obtained by simply using gradient boosting on the data set. 
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XGBoost Classifier 
 

This is the main method used for final results. The XGboost classifier contains a                           
modified version of the gradient boosting algorithm. The eXtreme Gradient Boost classifier                       
is a modified version of this, developed by Tianqi Chen, including generalized linear model                           
and gradient boosted regression tree.. The library is parallelized using OpenMP. Using the                         
package of the implementation that he has provided on the data set, we were able to                               
achieve an accuracy of 3.64655. 

 
When constructing the xgboost.DMatrix from numpy array of training data, we                     

treated 999.0 as missing value for the algorithm. The algorithm run parallelly in 8 threads                             
with average training time of around 1 min (Executed environment: Core i5 1.8GHz, 4GB                           
Ram, Ubuntu 14.04 LTS, Python 2.7) and 1 min prediction time. 
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Cross Validation 
 

We used 10% data from training set for the cross validation to estimate the accuracy 
while prevent overfitting using the AMS Metric. 
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Evolution of the Model 

AMS Metric 
 
The evaluation metric is the approximate median significance (AMS): 

 
where 

● s,b: unnormalized true positive and false positive rates, respectively, 
● br=10 is the constant regularization term, 
● log is the natural log. 

 
More precisely, let (y1,…,yn)∈{b,s}n be the vector of true test labels, let (y^1,…,y^n)∈{b,s}n be the                             
vector of predicted (submitted) test labels, and let (w1,…,wn)∈R+n be the vector of weights. Then 
 

 
and 
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Results 
 
We were able to score 3.64655 score with this method. And we are able to secured a position in top 25%. 
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Conclusion 
 

The Higgs Boson Challenge is a relatively difficult machine learning task. Even the winning                           
submissions score about 3.8, which is a relatively low accuracy. The novelty of the usage of algorithms                                 
and handling different features have less of an effect than having a slow and steady learning rate and                                   
running the same algorithm iteratively. A good result can be achieved, given enough computational power,                             
by using established algorithms (especially ensemble techniques such as boosting) and running through the                           
calculation with several iterations.   

Limitations 
 

We had limited processing power and limited memory amount. With that resources were not able                             
to do much testing and analysis on data. It took about hour to complete the some processing iteration.                                   
Processing all the data at once been a problem with limited resources. So, we had to divide the process                                     
into parts. 

 
The lack of domain knowledge required to understand and evaluate the features given reduced the                             

ability of selecting correct preprocessing methods to clean and select data to train the model. While going                                 
through the forums it was clear that most contestants used their domain knowledge to create aggregated                               
features using the given data which improved their model score. 

Further Improvements 
 

We used one model at a time to compute the predictions. But using several models and methods                                 
and using ensemble methods and using a constrained optimization to come within a good consensus result,                               
we can improve the prediction accuracy. Also there are remaining given data which isn’t considered for                               
the prediction. Using those data we may be able to improve the results. 

 
Since the correlation of individual features or feature sets with a small number of features was not                                 

significant, it would be prudent to assume that a feedforward neural network with a depth of around four                                   
hidden neural layers would have provided with a significantly better result. However, the resource                           
requirement (computational and temporal) will be immense.   
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