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• Einstein: energy and mass are equivalent!

• Colliding particles with high energy produces many new particles,

• We use the Large Hadron Collider (LHC) to accelerate protons to 0.99999999 times the 

speed of light and collide them,

- Between 2015 and 2018, we produced about 8,000,000 Higgs bosons in ATLAS.
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Introduction to proton collisions
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• “0.99999999 times the speed of light”— inconvenient,

- Instead of quoting the speed, we rather talk about the kinetic energy,


• Energy: ‘Joules’. However we rather use the ‘electron Volt’ unit:
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Units: ‘electron Volt’

1 ‘electron Volt’ or 1 eV: 
 
Energy gained by an electron 
accelerated by an electrical 
potential of one Volt.  
 
1 eV = 1.6 10-19 J

• At the LHC, we collide protons with the energy of 13 TeV = 13,000,000,000 eV,

• New particles created in these collisions typically have energy around 1—100 GeV.
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• Today, you will be searching for the Z boson decays:
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What we will be searching for today

• The Z boson decays either into to two electrons or two muons,

• The Z boson has no charge. Due to charge conservation, outgoing 

particles have the opposite charge: e- and e+.
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Higgs boson decays

• You will also be searching for Higgs boson decays:

- H → ZZ → 4 leptons (electrons or muons),

- H → ɣɣ (2 photons),


• By correctly identifying the Z bosons, you will be able to reconstruct the Higgs boson!
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• The ATLAS detector measures the momentum of final particles only (e, µ, ɣ, …),

• With these we can reconstruct the mass of the initial particle (Z boson or H boson),


- Z boson: 90 GeV,

- H boson: 125 GeV,


• However, because the detector has some measurement error, the reconstructed mass 
will be scattered around the true mass.
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Reconstructing the particle mass
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The ATLAS detector

46m

25m
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The Inner Detector

46m

Charged particles (e.g. electron) bend in the 
strong magnetic field and deposits energy in 
the layers of the Inner Detector.
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Muon Detectors

46m

25m
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Muon Detectors

Muons are the heavier siblings of electrons. 
They interact with the detector material less 
frequently and travel all the way through. We 
catch them with the outer Muon Detectors.
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Electromagnetic Calorimeters

Electrons and photons stop 
destructively in the calorimeter 
and deposit all of their energy.

They create a ‘shower’ of 
particles in the calorimeter.



Miha MuškinjaApril 22, 2023 12

Hypathia software
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• Four screens— ‘invariant mass’ window, event display, control panels.
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Hypathia navigation
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Datasets

Name Dataset Name Dataset
Jia Mohan 12-A Carlos Fernandez 12-M

Talon Joe 12-B Claire Palmer 12-N

Adrian Womack 12-C Andrea Torres 12-O

Zachary Capote 12-D Jocelin Ramos 12-P

Elsie Scott 12-E Abhiraj Jalagekar 12-Q

Ryan Tonkovich 12-F Miya Takeuchi 12-R

Benite Bazinga 12-G Rigby Shaw 12-S

Xenia Gomez Iñiguez 12-H Jaden Patel 12-T

Hagan Sum 12-I Jadin Mom 13-A

Vincent Vazquez 12-J Isaac Wong 13-B

Nora Weltman 12-K karina pablo calmo 13-C

Michael Lac 12-L
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• https://quarknet.org/content/atlas-z-path-measurement
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Datasets download link
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Hypathia navigation: Loading the data



Miha MuškinjaApril 22, 2023 17

Hypathia navigation: Loading the data
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Hypathia navigation: Loading the data
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Adding cuts
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Hypathia navigation: Adding cuts
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Hypathia navigation: Adding cuts

• Change the track pT cut to 10 GeV to remove fake tracks…
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Hypathia navigation: Adding cuts

charge pT [GeV]
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Particle identification
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Hypathia navigation: Particle identification

Electron: 
- ID track 
- Calo deposit
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Hypathia navigation: Particle identification

Muon: 
- MS track
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Hypathia navigation: Particle identification

Photon: 
- Calo deposit
- No ID track



Miha MuškinjaApril 22, 2023 27

Hypathia navigation: Selecting particles
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Hypathia navigation: Selecting particles

Probably Z → e+ e-
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Hypathia navigation: Selecting particles

• For photons, need to click on the “Physics Objects” tab.
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Hypathia navigation: Selecting particles

• For photons, need to click on the “Physics Objects” tab,

• Now select them…
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Hypathia navigation: Selecting particles

• For photons, need to click on the “Physics Objects” tab,

• Now select them…

Probably H → ɣɣ
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Exporting data
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• The data will be uploaded to a webpage and merged with the data from other students,

• Invariant mass plots will be created automatically,

• Later merged also with other groups doing the event at the same time.
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Exporting data
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Exporting the data

• The data will be uploaded to a webpage and merged with the data from other students,

• Invariant mass plots will be created automatically,

• Later merged also with other groups doing the event at the same time.



Miha MuškinjaApril 22, 2023

• Navigate to: https://cernmasterclass.uio.no/OPloT-US/OPloT/index.php,

• Upload the data:
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Uploading the data to OPloT

https://cernmasterclass.uio.no/OPloT-US/OPloT/index.php
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Uploading the data to OPloT

Account: ippog  
Password: imc

• Navigate to: https://cernmasterclass.uio.no/OPloT-US/OPloT/index.php,

• Upload the data:

https://cernmasterclass.uio.no/OPloT-US/OPloT/index.php
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Uploading the data to OPloT

• Navigate to: https://cernmasterclass.uio.no/OPloT-US/OPloT/index.php,

• Upload the data:

https://cernmasterclass.uio.no/OPloT-US/OPloT/index.php
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• For reference:
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Resources
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