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The LHC Particle Accelerator 
The Large Hadron Collider (or LHC) is the world’s largest 

and most powerful particle accelerator. The accelerator is a 

27 km long ring, in which two beams of protons traveling in 

opposite directions, moving at a speed close to the speed of 

light, are made to collide. The protons are accelerated using  

very strong electromagnetic fields, formed by giant 

electromagnets located along the accelerator tubes. There are 

4 detectors located along the accelerator: ATLAS, ALICE, 

CMS and LHCb. These detectors collect data from the beam-

beam collisions occurring inside the accelerator.    

ATLAS uses several different types of detectors to figure out ‘what is what ‘    

The Structure Of The ATLAS Detector 

The ATLAS experiment is operated by a 

collaboration of  40 countries involving more 

than 3000 physicists. It is one of  two general-

purpose experiments at the LHC -- the data 

taken  with  the ATLAS detector are used to 

investigate a wide range of physics, from  the 

search for  the elusive Higgs boson to the 

search for dark-matter candidate-particles. The 

proton collisions occur inside the detector. The 

collision products might be particles of any 

kind, moving in every possible direction from 

the collision point.  

 

Aerial view of the LHC 

The tracking chamber 
This is the most inner part of the detector, and 

therefore  the most sensitive one. It is used to 

determine the trajectories of charged particles.    

Innermost layer                   outermost layer            

The electromagnetic calorimeter 

The electromagnetic calorimeter consists of layers of absorbing and 

active material.  The electrons and photons both interact with this 

material, and we can differentiate between them by combining the 

information from the calorimeter and from the tracking chamber. 
The Hadron calorimeter 
The hadron calorimeter consists of thick layers of 

absorbing and  active material. We can use 

information from the tracking chamber to 

distinguish between the hadrons. 

The muon chamber 
Only the muons and the neutrinos can get this far. The 

muons are detected using powerful electromagnetic fields. 

The neutrino’s existence can only be  inferred by finding 

missing transverse energy.  

The production of the Higgs 
In order to determine the Higgs mass we had to choose a process in which the Higgs is produced and reconstruct 

its mass from the decay products. For my project we chose the following process, also known  

                    the Higgs ‘golden channel’ : 
     

 From the 4-lepton final state, we are able to reconstruct the Higgs 

mass. We selected 476 events  with 4-lepton final state, collected 

in 2012 in pp collisions at center of mass energy of 8 TeV. 

This is how the following process (with 4 muon final state)  appears in the ATLAS detector:  

In this picture, we can easily see the 4 muons 

(purple lines)  traveling from the collision point 

all the way to the outer muon detectors.  
The Results  
We got the following distribution for the 4-lepton invariant mass. We fitted a Gaussian 

function to the peak around 125 GeV - the approximate mass of the Higgs boson. 

The other two peaks  correspond to the masses of one and two Z bosons. The fit result 

is presented below: 

On the picture, the invariant mass of the 

leading lepton pair is presented. As would be 

expected from Higgs decay, a clear peak around 

90 GeV shows up. 

We looked into the invariant mass of all the 476 data events (dots in the distribution). We compared 

this distribution to the Monte Carlo expectation (colored histograms). The blue histogram is the total 

expected distribution. Around 120 GeV we see an unpredicted peak.  

Lepton Pairing  
After having 4-lepton events selected, we wanted to test if they are coming from 

decays of two Z bosons. For this, the leptons were combined to 2 same flavored, 

opposite charge pairs. The pair with the invariant mass closest to the Z boson mass 

is called the “leading pair”, and the other pair is called “subleading pair”.   

Fitted Higgs mass: 123.9              GeV      
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Abstract 
The ultimate goal of this project is to measure the Higgs boson mass using data from 

the ATLAS particle detector. We will study the following interaction: 

 

 

where l1 and l2 can be both electrons and muons. We are going to reconstruct the Higgs 

mass using ATLAS data events with 4 leptons. For comparison, the artificial  data from 

Monte Carlo  simulations of expectations without producing the Higgs are also used. 
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MC and data, fitted Gaussian Fitted Gaussian compared to the difference 

between data and MC background. 

The Tel Aviv team at work 
Dr. Kuprash and me with Prof. Englert,  one of the 

two Nobel prize winners of 2013 for theoretical 

contribution to the Higgs boson discovery. 

 The combination of information from 

different subdetectors allowed us to measure 

the energies and momenta of the four leptons.  

E=EL1+EL2+EL3+EL4, 

p=pL1+pL2+pL3+pL4 

The following formula was used 

to reconstruct the mass: 


