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Introduction

Masterclass Ingredients
• Physicist
• Non-Physicist
• Real Data from an Experiment
• Tool to Visualise Data
• Method to Analyse Data
• Coffee

Goal of the ATLAS Z-Path Masterclass
• Identify collisions in ATLAS that are Z-boson candidates
• Calculate their invariant mass
• Plot them in a histogram, present, and compare



Getting Started

http://atlas.physicsmasterclasses.org/en/zpath.htm

Link already in the Agenda “ATLAS Z-Path”



We will use HYPATIA to Identify Z bosons in proton collisions.

It is already downloaded and installed on your notebook.



Hypatia

Canvas Window

Track Momentum 
Window

Control Window

Invariant Mass 
Window



Try this for 10 minutes. Hints on the next page…



Identifying Particles: Hints
Hint: PT = -40.600 GeV 
Means charge is negative.

Hint: Only muons make it 
to the TGC.



Particle ID in ATLAS



How to spot a Z boson

Z boson lifetime = 10-25 seconds
• We identify it by its decay products

Z boson mass = 91 GeV
• And by the mass reconstructed from the two leptons

Expect lepton momenta to be roughly half the Z mass



Removing Background

In a typical LHC collision, around 20-30 protons collide at the same time, producing many tracks. 
We only want to look at the tracks that come from Z boson decays. 

Under the Parameter
Control tab:

Change the cut for the 
track Pt (transverse 
momentum):

• Try 2.0 GeV

• Try 10.0 GeV

Which will help us to find 
tracks from Z bosons?



Viewing the Tracks

A Pt cut of 10 GeV appears sensible. Set that, then 
click on the Interaction and Window Control Tab



Viewing the Tracks

Now click on the magnifying glass to make it 
possible to zoom the image in and out with your 
cursor. Practice.



Viewing the Tracks

Now click on the finger to make it possible to 
select tracks with your cursor. When a track is 
selected, it will be highlighted above and the track 
in the event display will turn white.



Photons

If you see energy deposits (yellow bars) in the 
electromagnetic calorimeter with no tracks pointing 
to them, they are photons. You see their 
information under “Physics Objects.” We will 
ignore them for this exercise, as we are only 
looking for pairs of electrons or muons. Move on to 
the next event.



Neutrinos

A red dashed line indicates that the event had an 
imbalance of energy and points to where 
something left undetected. That is a neutrino. 
Move on to the next event.



Exercise 2

Open the dataset in the ESADE folder on your 
Desktop. It has a name like groupX. This is the 
data you will be analysing.



Open Exercise 2 in your 
browser (under Identifying 
Events, Practice!).

Try classifying the events 
according to the 
categories specified 
below.



Identifying Events

Take 10 minutes to classify the 10 events. Check 
the boxes in your browser accordingly. Use the 
Next Event button to advance.



Answers to Exercise 2

Event Classification Notes

1 γγ Energy deposits without tracks are photons

2 γγ Energy deposits without tracks are photons

3 e+e- Tracks pointing to electromagnetic energy deposits

4 μ+μ- Tracks making it into the muon chambers

5 γγ Energy deposits without tracks are photons

6 e+e- Tracks pointing to electromagnetic energy deposits

7 μ+μ- Tracks making it into the muon chambers

8 l+l-l+l- Reduce the Pt cut to 5 GeV to see all four leptons

9 e+e- Tracks pointing to electromagnetic energy deposits

10 l+l-l+l- Four leptons

Refer to http://atlas.physicsmasterclasses.org/en/zpath_lhcphysics3.htm for help.

http://atlas.physicsmasterclasses.org/en/zpath_lhcphysics3.htm


The Competition

Get the data
• From Hypatia open the data file in the ESADE folder

Select the Events
1. Set your track Pt cut to 10 GeV
2. Select e+e- and μ+μ- events
3. For each pair, double click on the tracks to record them in 

the invariant mass window

Save Each Measurement
• Record Event Number and Mass in the Spreadsheet

Plot the Mass Spectrum
• Use the plotting tool in Spreadsheet

Combine ATLAS Groups
• Make final plot for conference


