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Introduction 

• Here is a quick guide to common terms and 
ideas you will hear about when working on 
HEP experiments 

• This is a general overview of the how we 
simulate and reconstruct data and then 
compare the two to obtain results 

• Material taken from various sources (N. Ilic 
thesis, M. Hauschild  slides) 

2 



The Standard Model 

• Many unanswered 
questions: why do 
neutrinos have 
mass? How does 
gravity fit in? Why 
is there more 
matter than anti-
matter? What is 
Dark Matter and 
Dark Energy? 
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The LHC Delivers Data 
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PILEUP 
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First we collect the  
Data with the Detectors 
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A Typical Detector 
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A Typical Detector 
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Trigger 

• Selecting interesting events 
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Trigger 

• Example: ATLAS Trigger 
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We also need to reconstruct the 
data we collect :  

Event Reconstruction 
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Event Reconstruction 
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Event Reconstruction 

• Particles traversing the detector interact with the 
material and deposit energy through various processes. 

• Depending on the detector, this can be measured as 
ionisation charge or scintillation light. These signals are 
used to reconstruct objects in the detector that 
correspond to the particles they originate from. 

• Reconstructed objects are often calibrated from Monte 
Carlo and data in order to obtain accurate 
measurements of their true energy. The identified 
objects are then used to reconstruct an event or part of 
an event that contains the decay products from a 
certain physics process. 
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Event Reconstruction 

• Tracks parameterized by: 
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Electrons 
• Electrons traversing the detector leave tracks in the ID and produce narrow showers of particles that are 

mainly contained in the electromagnetic calorimeter. The electromagnetic showers are narrow since 
electrons interact with the detector material through ionization and radiation which tends to be 
collimated, while hadrons interact strongly with detector nuclei and scatter off of them at larger angles. 

• Electrons can be grouped into different categories depending on which selection criteria they satisfy. 
The selection criteria are based on discriminating variables that have different distributions for 
electrons and other particles. 

• The energy scale of the electrons is also calibrated to match the real energy based on MC and real data 
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Photons 

• Photons traversing the detector interact 
electromagnetically and thus deposit most of 
their energy in the electromagnetic 
calorimeters. Similar techniques are used to 
reconstruct and calibrate photons. Photons 
are neutral particles and thus do not leave 
tracks in the Inner Detector! 
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Jets 
• Jets are objects formed from hadrons that initiate particle showers. Algorithms are 

employed to identify hadronic and electromagnetic energy deposits from which jets 
are reconstructed. 

• In ATLAS, jet-finding algorithms are based on three-dimensional clusters of energy 
defined in the calorimeters, called topological clusters . These topological clusters 
are identified by scanning the 200 000 calorimeter cells to identify ones whose 
energy deposits are 4  above the electronics and pileup noise level. These cells are 
referred to as seed cells and serve as the centre of the cluster. Cells neighbouring 
the seed that contain energy deposits above 2  of the noise level are then iteratively 
added to the growing energy cluster. Finally, neighbouring cells that are not above 
the noise level are added. 
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Jets 
• Older jet finding algorithms, referred to as a fixed-cone algorithms, involve 

identifying higher energy clusters and summing the four vectors of particles found 
in a cone R around the cluster 

• Newer algorithms join objects together based on the distance between the objects 
defined as 
 
 
 

• pT;i(j) are the transverse momenta of objects i(j), and Rij is the distance between 
them 
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• A value of p = 1 corresponds to the kT 
algorithm in which the lowest pT objects that 
are farthest from the interaction point are 
merged first. The jet is built backwards towards 
the high pT objects.  

• This algorithm has the disadvantage that low-
pT objects can change the shape of a jet. A 
value of p = -1 corresponds to the anti-kT 
algorithm, in which jets are built starting with 
the highest pT objects, located near the 
interaction point, outwards. In this algorithm, 
soft objects cannot greatly change how the jet 
is built 



Jets 
• Jets are also grouped into different categories depending on what criteria 

they satisfy  
– The selection criteria are defined in order to avoid biases from detector defects, 

cosmic rays and interactions of the beam that are unrelated to collisions. Jets 
are identified as looser, loose, medium or tight jets depending on the cuts they 
pass based on this criteria 

• Their energy is calibrated to measurements from monte carlo and real data 
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B-tagging Jets 
• There are over 8 million top quark 

events contained in the 25 fb-1 
dataset. The top quarks subsequently 
decay to bottom quarks which 
recombine to form b-hadrons. 
Identifying, or tagging, jets that 
originate from b-hadrons leads to 
efficient reduction of top events that 
are backgrounds to many searches 
for new physics processes. Since b-
hadrons have longer lifetimes (  ~10-
12s), the b-quark jets will have a 
vertex displaced from the primary 
vertex. Thus, tagging b-jets is largely 
dependent on accurate track 
reconstruction and accurate impact 
parameter measurements. 

• A common way to classify b-jets is 
the multivariate MV1 algorithm. This 
algorithm takes the IP3D, SV1 and 
JetFitter algorithms, and combines 
the most discriminating output 
variables from these algorithms in a 
neural network 
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Taus 
• Tau leptons are heavy (1776.82 MeV) compared 

to muons (105.7 MeV) and electrons (0.511 
MeV), and thus decay before reaching the 
detector. They can only be identified by their 
decay products, which can include electrons, 
muons or pions along with the tau neutrino . The 
hadronic decays, had, have a branching ratio of 
65%, while the leptonic decays, e=, have a 35% 
branching ratio. 

• Since it is not possible to distinguish leptonically 
decaying taus from electrons and muons, tau 
identification focuses on hadronic decays 

• Taus can decay to two, three or four pions. The 
pions can be distinguished from other jets by 
their narrow shower shapes, and the fact that 
they usually have one isolated track associated to 
them. The narrow shower shapes are due to the 
fact that leptonically decaying pions produce 
electromagnetic showers. Tau leptons are 
identified by searching for one or three tracks 
from the pions forming a jet with a narrow 
shower shape. 
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Muons 
• Muons leave tracks in the Inner 

Detector and Muon Spectrometer. 
Muons originating from the 
interaction point do not lose a 
significant amount of energy in the 
calorimeter and do not have a large 
amount of energy deposited around 
them. This is because muons mainly 
lose their energy by acting as 
minimum ionizing particles. 

• Reducing muons in the detector 
from cosmic rays is what many 
selections are based on – this is 
done with timing cuts 
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Missing Transverse Energy 
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We need to simulate what our data 
might look like :  
Event Simulation  
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Event Simulation 

• The physics events that are obtained in data are compared 
to events that are simulated. Simulating physics processes 
in Monte Carlo (MC) simulation consists of three steps. 

• The first step is event generation, which consists of 
simulating proton collisions.  

• The second step is detector simulation, described, which 
consists of simulating the detector and its response to the 
particles traversing it.  

• The final step is the digitization process, described in which 
energy deposited in the detector is turned into signals. 
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Event Generation 
• Event Generation: An event contains all of the 

particles involved in an interaction. Events are 
produced by simulating several separate steps, 
including the hard scatter of the collision, the 
parton shower (PS), the hadronization and the 
underlying event (UE). 

• When two protons collide there is sometimes a 
high-energy parton-parton interaction, referred 
to as the hard scatter 

• Within a hard scatter event, the quarks and 
gluons in the initial and final states radiate other 
quarks and gluons in processes known as initial- 
and final-state radiation (ISR/FSR). The radiated 
partons can radiate secondary partons or 
produce gq pairs. This cascade process is called 
parton showering 

• The radiated partons cannot exist freely, and quickly recombine to form hadrons in 
a process called hadronization. Hadrons can then decay to other lighter particles. 

• Partons that do not participate in the hard scatter process can also interact in 
processes known as spectator interactions. These processes that do not include 
the hard scatter and parton showers are referred to as underlying events. 
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Detector Simulation/Digitization 

• Detector simulation: geant4 (GEometry ANd Tracking), is a tool for 
simulating how particles interact with matter. It is used to model 
the ATLAS detector geometry using parameters that are variable 
throughout operation, such as information about disabled parts, 
temperatures and high-voltage settings. 
– The full detector simulation, referred to as FullSim, contains all the 

information about the different detectors. The ATLFAST-II simulation 
algorithm contains condensed detector geometry information. This 

– ATLFAST-II simulation algorithm uses the Fast ATLAS Tracking 
Simulation (FATRAS) for simulating particle trajectories in the ID and 
MS, and Fast Calorimeter Simulation for simulating calorimeter 
deposits. 

• Digitization is the process of converting the detector hits from 
simulation into signals that represent the response of the detector, 
called digits. The software used for this purpose is geant4. 
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