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● Remember that most High-Energy Physics (HEP) analyses are “counting experiments”: they count 
number of good physics objects that pass a certain set of cuts. 

● We plot each of the variables (e.g. momentum, energy, mass, position, etc.) that we are interested in as 
histograms.
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⟶ Are there any distinct patterns that we can see?
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● There are two distinct peaks in this histogram, implying 
that there we have successfully reconstructed two 
parent particles ⟶ Which standard model particles do 
these peaks correspond to?

● There are other smaller peaks elsewhere in the 
histogram, do these correspond to any particles that we 
are aware of? Are 12 events enough to say that we’ve 
discovered a new particle?

● Remember that most High-Energy Physics (HEP) analyses are “counting experiments”: they count 
number of good physics objects that pass a certain set of cuts. 

● We plot each of the variables (e.g. momentum, energy, mass, position, etc.) that we are interested in as 
histograms.
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● We will try to perform a similar 
analysis using the analysis tool 
HYPATIA.

● This tool is a simplified version of 
the same tools that would be used 
in a standard ATLAS analysis and 
gives good consistent results.

● When you open HYPATIA for the 
first time, you will see 4 separate 
windows. Let’s go through each of 
these windows.
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shows the main sub-detectors and the 
various tracks and energy deposits. 

Inner detector: responsible for precise 
tracking of charged particles
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● This is the main detector window, which 
shows the main sub-detectors and the 
various tracks and energy deposits. 

Inner detector: responsible for precise 
tracking of charged particles

EM calorimeter: measures energy of 
electrons and photons

Hadronic calorimeter: energies of 
hadrons (i.e. particles that are made of 
quarks and gluons ), and of quark and 
gluon 'jets'

Muon spectrometer: measures 
passages of muons



Main Detector
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● This is the main detector window, 
which shows the main 
sub-detectors and the various 
tracks and energy deposits. 

● This window shows 
where energy deposits 
occurred in the 
calorimeter.
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● This is a complete list of tracks and 
physics objects that were recorded in 
the event.

We will use this interface to identify 
tracks/physics objects with electrons, 
muons and photons.
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● This is a complete list of tracks and 
physics objects that were recorded in 
the event.

We will use this interface to identify 
tracks/physics objects with electrons, 
muons and photons.

This is the full list of tracks and 
physics objects. There are alot of 
tracks, do we need all of these 
tracks? How do we determine which 
tracks to keep?



There are many different cuts that 
you can use to control your analysis. 
But for our purposes, we will mainly 
use the “Cuts” tab to select physics 
objects.
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● This window is where we will control 
which cuts we will apply to our tracks 
to determine which tracks we will 
keep for our analysis.
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● This window is where we will control 
which cuts we will apply to our tracks 
to determine which tracks we will 
keep for our analysis.

The cuts tab allows you to enter 
different requirements for your 
physics objects, we will use this 
(demo) to reduce the list of physics 
objects.
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● When we begin to assign tracks to 
particles, we will see them being 
populated in the invariant mass 
window.

For the second event, I’ve added four 
tracks with 2 muons and 2 electrons.

● As I go through more events and label 
tracks, the list begins to grow.

Here, as an example, I’ve added two 
tracks which I’ve assigned to be 
electrons. HYPATIA then calculates 
the invariant mass of those two 
tracks.
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● After we’ve completed 
assigning tracks in all of the 
events, then HYPATIA will 
automatically plot histograms 
of the different invariant 
mass quantities.



More Data = Better Results
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● As good scientists, we know that when we collect more data we get better results. At the end of the 
session we will compile everyone’s data into a single histogram and see if we’ve accomplished our goal 
of finding a new particle!
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