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Principle of collider experiment 

 LHC uses proton-proton 
collisions 

 All detectors are build 
symmetrically around the 
collision point  

 Each layer of the detector 
identifies a different particle type 

 The collision energy converts 
into new particles 

 We deduce the presence of the 
short-lived decayed particles 
(such as W and Z bosons) by 
looking at the end products of 
the collision 

 



ATLAS:  A Toroidal LHC ApparatuS 



Looking at ATLAS in more detail 



Identifying Particles 

Inner Detector: measures charge 

and momentum of charged particles 

(neutral particles don’t leave tracks) 

 

Electromagnetic Calorimeter: 

measures energy of electrons, 

positrons and photons 

 

Hadronic Calorimeter: measures 

energy of particles containing 

quarks, (e.g. protons, pions, 

neutrons) 

 

Muon Spectrometer: measures 

charge and momentum of muons 



Importance of Transverse Momentum 

 protons move in the z-

direction only  

 In x-y, directions 

momentum is zero; this 

must be conserved after 

the collision 

 the particle’s transverse 

momentum (in x-y plane) 

can be measured 

 Interesting collisions 

contain particles with big 

transverse momentum 



Missing Energy and neutrinos 

 

 ATLAS does not 

detect neutrinos 

 

 If neutrinos are 

present after the 

collision there will be 

some missing 

momentum in the 

data 



Aims for today’s exercises 
 

1. Identify the particles detected by ATLAS with the Atlantis Event 
Display 

 

2. Determine the types of events you are looking at: 
 

i. W → electron + neutrino 

ii. W → muon + neutrino 

iii. Z → electron + positron 

iv. Z → muon + anti-muon 

v. Background  

vi. H → 4 leptons (leptons: electrons, muons) 

 

3. Measure the rest mass of the Z boson from selected Z candidates 
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Atlantis 
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The Graphical User Interface (GUI) 

From the GUI you can: 

 

 Load and navigate through a 

collection of events 

 

 Interact with the event picture 

 

 View output data from the event 
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The Canvas 

The Canvas shows: 

 

 The end-on view of the detector 

 

 Energy shown in ‘rolled out’ 

calorimeters 

 

 The side view of the detector 



Event sheet to complete 



      Event sheet answers 



Observed patterns: W and Z decays 

 



𝑊→𝑒 𝑣

𝑊→𝜇 𝑣
= 1 

 



𝑍→𝑒 𝑒

𝑍→𝜇 𝜇
= 1 

 



𝑊

𝑍
= 10.2 

 

Some reasons for this 

difference: 

 

How often W and Z decay into 

leptons: 

 

1.
𝑍→𝑙 𝑙

𝑍→ 𝑎𝑙𝑙
= 3.4% 

 

2.
𝑊→𝑙 𝑣

𝑊→𝑎𝑙𝑙
= 10.8% 

 

In addition: 

 

        𝑊~ 13% lighter than 𝑍 



Calculating the rest mass of Z 

 In general, for any particle, using the usual SI units 

 

  E2=p2c2+m2c4 

    where m is the rest mass of the particle, E its total energy, p   

    its momentum and c the speed of light in vacuum. 

 

 If a Z boson decays into e- and e+ then energy and 
momentum must be conserved: 

  

    Ee+ +Ee- = EZ         and   pe+ + pe- = pz 

  

 Then mz can be calculated as 

     

                              mz
2= (Ez

2-pz
2c2)/c4 



Units for particle physicists 

 Particle physicists work with less familiar units that simplify the 
above equation to  

  

   E2=p2+m2 

     where 

      E is measured in GeV 

 m is measured in GeV/c2 

 p is measured in GeV/c 

 

 So in these units 

   m2= E2 - p2 

 

 For electrons and muons m<<p, so we can approximate this with 
the equation 

   E=p 



Example of spreadsheet calculation 
(𝑃𝑥

2 + 𝑃𝑦
2 + 𝑃𝑧

2) (𝑃𝑥[𝑒]
2 + 𝑃𝑦[𝑒]

2 + 𝑃𝑧[𝑒]
2) 

𝐸𝑒 + 𝐸𝑝 

𝐸2 − 𝑝2 



Answers: spreadsheet calculations 



Answer: Rest mass of Z boson 

 Use the histogram to calculate the rest mass of the Z 

boson with an appropriate uncertainty from the spread 

 

 Compare your value to the current value of 

 

91.1876 ± 0.0021 𝐺𝑒𝑉/𝑐2 

      

                 



Art Exhibition on Particle Collisions  

Artists get inspiration from the world 

around them!   

 http://artcms.web.cern.ch/ 

 

 

http://artcms.web.cern.ch/

