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Overview 
 

 The purpose of this guide is to describe how to install and use MadGraph for 

basic high energy physics particle collision simulations. This simulated data assists 

scientists in analyzing actual data produced by particle accelerators, colliders, and 

detectors. The abundance of data from these sources requires prior knowledge to help 

guide analysis, knowledge that comes from theoretical simulations. These simulations 

are produced using software such as MadGraph. Theories and particle descriptions, like 

mass and coupling values which govern the way the particles interact with each other, 

are input into the software which then outputs the data for each particle present after 

the collision has occurred, or each particle in the event. These events are simply a 

collection of the locations and energies of all particles resulting from the collision of two 

protons.  

 

 The overall output of the software is this information formatted in a way that 

allows for analysis of the whole simulation. These results allow scientists to hone their 

analysis techniques and study possible results that might be seen in actual data. In 

addition, these simulations can help physicists separate out the most important events 

from the common and less interesting ones, which is much more difficult than it 

sounds. MadGraph is one of the most commonly used software for generating simulated 

particle collision events, and this guide on how to install, integrate, and use the 

software is meant to help beginning researchers and scientists to do their jobs. 

 

 To use this guide, you’ll need a computer running a Linux operating system (if 

you’re familiar with the command line you could also generalize these instructions to a 

Macintosh computer running iOS). You’ll also need a good internet connection to access 

the original download of the software. It helps to know basic Linux terminal commands, 

but it’s not required. Necessary commands will be given and explained within the guide. 

 

 This guide will walk you through how to install and integrate MadGraph into the 

already existing analysis tools on your computer. Any words that are underlined are 

included in the glossary of terms. In addition, any coding instructions that should be 

typed into the terminal will be listed as “$ coding_instruction”. This should be typed into 

the terminal without the quotation marks or the dollar sign, which indicates the 

beginning of the terminal prompt. Any coding instructions with brackets <> indicate a 

place where you should insert the name of your file or directory instead of the typed 

name, without the brackets. Commands that should be typed into the MadGraph 

interface are formatted as “> command”, since that is how the MadGraph interface 

appears, and again should be typed without the quotes or the > symbol.   
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Installing and Using MadGraph 
 

Section 1: System Verification 
 

1. Verify that your computer is running a Linux operating system. If not, this operating 
system can be found for free online, though the installation process is somewhat 
advanced. 

 
2. Open a new terminal window. If you are unfamiliar with this program, use your 

computer’s search function to locate it. (More information about the terminal can be 
found in the glossary). 

 

3. Type “$ python –version” into the terminal. You must have version 2.6 or 2.7 of 
Python for MadGraph to work correctly. Most computers within the past few years 
should be fine.   

 
 

Section 2: Installation of MadGraph 
 

1. Go to the MadGraph website: http://madgraph.physics.illinois.edu/ and click on the 
“account” link under the “Downloads” option on the main menu at the top of the 
page.  

 
2. Complete and submit the form, and wait for the email with your username and 

password to arrive. After receiving that email, click on the “Downloads” link in the 
main menu on the MadGraph website, and log in.  

 

3. Download the most recent version of MadGraph once you can access the 
“Downloads” section of the website: MadGraph5_aMC@NLO. Since this is a 
.tar.gz file you may have to download it by right clicking the link on the left side of 
the page and selecting “Save Link As”. Save this file to the location in which you 
want to install and run MadGraph. 

 

4. Extract the MadGraph files from the compressed directory either by right clicking 
and selecting “Extract” or by typing “$tar -xvf MadGraph5_aMC_v2.2.3.tar.gz” into 
the terminal. Note: You must navigate to the location of your MadGraph download 
using the cd command for the above to work properly. Make sure you use whatever 
name is associated with the .tar.gz file you downloaded. 

 

5. Move into the directory created from extracting the files using the cd command. 
“$cd <Name_of_your_MadGraph_Directory>” 

 

http://madgraph.physics.illinois.edu/
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6. Type “$./bin/mg5_aMC” 
into the terminal and hit 
enter. MadGraph should 
start in the terminal, as you 
can see in Figure 1. 

 

 
 
 
 
 

 

 

 

 
 

 
 
 

Section 3: Installation of Additional Packages 
 

1. Make sure MadGraph is running, or restart the program as in step 6 in section 2 
above.  

 
2. Type “>install MadAnalysis” into the MadGraph interface in the terminal to install 

MadAnalysis. Wait for that process to complete. 
 

3. Type “>install pythia-pgs” into the MadGraph interface in the terminal to install 
Pythia 6. Wait for this process to complete, and check to make sure it says 
“Compilation Succeeded” at the end.  

 

4. Type “>install ExRootAnalysis” into the MadGraph interface in the terminal to install 
ExRootAnalysis. Wait for this process to complete, and check to make sure it says 
“Compilation Succeeded” at the end. Note: You will need to have ROOT installed for 
this step to work properly. 

 

5. Type “>exit” to close the MadGraph program and return to the main terminal 
prompt, in the MadGraph folder. 

 

 
 
 

Figure 1: The MadGraph 

logo, as it appears in the 

terminal when MadGraph is 

started as in Step 6 of 

Section 2. 
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Section 4: Basic Use of MadGraph 
 

1. Start MadGraph as in step 6 of section 2 above.  
 

2. Type “> import standard model” to load the Standard Model of particles and 
coupling values into MadGraph as seen below in Figure 2.  

 

3. Type “> generate p p > t 
t~” which creates a proton-
proton collision decaying to 
a top quark anti-top quark 
pair, which can also be 
seen in Figure 2. 

 

 

 

 

 

 

 

 

 

4. Type “> output ttbar_test”, which creates the Feynman Diagrams and the output 
folder named “ttbar_test” which will hold all the files associated with this simulation. 

 

5. Type “> launch ttbar_test” to generate actual events. This should produce a menu 
where you have the option to run additional programs on the MadGraph output.  

 

6. Type 1 and hit enter. This returns you to the same menu, but now with ON at the 
end of the Pythia line. Most of the time you will want to run Pythia on the output 
from MadGraph because Pythia hadronizes the MadGraph output. 

 

7. Press enter to continue past the program selector menu. If you want to run 
additional programs enter those numbers one at a time into the terminal and hit 
enter after each to turn those programs on, before continuing past the menu. 

 

8. Hit enter again to bypass the card file editing menu. After the program selector 
menu you should have seen another menu with the option of editing card files. 
Editing the card files allows you to change the number of events the simulation 
produces, as well as the masses and coupling constants of the particles involved. 
For this simple simulation we didn’t change anything, and instead just hit enter to 
continue past that menu. 

Figure 2: The commands from 

Steps 2 and 3 of Section 4 are 

circled. The rest of the text is 

the output from these two 

commands in the screenshot. 
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9. Watch the output as it is produced. Your web browser should open to a page 
displaying the cross section of the simulated process. After all events have been 
produced the terminal should return to the normal MadGraph input prompt.  

 

10.  Open your file navigator. The output files from MadGraph can be found at the 
location: <MadGraph_Install>/<Name_from_step4.4>/Events/run_01/. There 
should be a .root file and a .tar.gz LHE file for both the MadGraph and Pythia 
output.  

 

11.  Use the Pythia ROOT file and LHE file for most analysis. In general, you will want 
the output to be hadronized, which is what Pythia does. 
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FAQ/Troubleshooting Guide 
 

1. I don’t know what Linux is. How do I get it?  
Linux is a free, open-source computer operating system that is often used due to its 
more coding-friendly atmosphere. Most people running a Linux OS run either Ubuntu 
or Fedora or another popular version of Linux on a computer already running 
Windows. This is referred to a dual-booting, which required a separation of the hard 
drive into two partitions with a separate operating system installed on each. When 
starting the computer, you get a boot menu that allows you to select which 
operating system you would like to start your computer with.  

 
2. The MadGraph website is down. What do I do?  

All you can do here is wait for the website to come back up. It has gone down for 
short periods in the past, and it usually comes back within the next few days  or so.  

 
3. When I tried step 6 in section 2, MadGraph didn’t start. Did I do 

something wrong?  
The short answer is yes. The long answer is that there are a multitude of reasons 
that MadGraph may not be running properly. First order of business, delete all the 
files you’ve downloaded and extracted. Second, restart your computer. Third, retry 
all steps, starting from the beginning. Hopefully that worked. If not, the solution to 
your problem really depends on the error message you’re getting, so try to find 
someone more experienced who can help you work through that.  

 
4. Installing the extra packages didn’t complete properly, or I didn’t see the 

“Compilation Succeeded” message. How do I make sure these add-ons are 
properly installed and linked? 
Again, the most helpful piece of information you can get here is the error message. 
With MadAnalysis and Pythia, you really are just going to have to find someone to 
help you work through the error message. If your problem is with ExRootAnalysis, 
there are a couple things you can verify. This addition allows the MadGraph output 
to be formatted into a ROOT file, which requires that you have ROOT installed on 
your computer. If you don’t, or don’t want ROOT output files, you can skip the 
installation of ExRootAnalysis. If you have ROOT installed already and are still 
running into problems, verify that you have the location of your ROOT path added to 
your path variable in your .bashrc file. For a more detailed explanation of this, see: 
https://root.cern.ch/root/EnvVars.html.  

 
5. I want to do more simulations than just proton-proton collisions to top 

anti-top pair production. What do I do?  
What you want to use MadGraph for is really up to you. Some resources that can 
help you expand your abilities can be found here: 

 https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/InputEx  

 http://madgraph.physics.illinois.edu/EXAMPLES/proc_card_examples.html 

https://root.cern.ch/root/EnvVars.html
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/InputEx
http://madgraph.physics.illinois.edu/EXAMPLES/proc_card_examples.html
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Glossary 
 
.bashrc File  This file is a script that is run automatically when the terminal is  
   opened in a Linux environment. Any command that could be typed  
   into the terminal can be put into this file. The commands here set  
   up your environment and can be used to customize things. 
 
cd command cd refers to “change directory” which is exactly what this command 
   allows you to do. Typed into a terminal with a directory path  
   following it, the terminal will then move to that directory. Keep in  
   mind that the directory you are moving to must be accessible; it   
   must be a subdirectory of your current location. Your current  
   location and path can be seen by typing the command pwd in the  
   terminal. 
 
Command Line See Terminal definition. 
 
Cross Section The Cross Section of a process is a quantity representing the  
   likelihood of an interaction event between two particles. It is an  
   effective area that measures the probability of particle interaction,  
   and is usually measured in units of barns where 1 barn = 10-28 m2. 
 
ExRootAnalysis This is a library associated with the analysis software ROOT. It’s  
   allows the output from MadGraph to be generated in the form of  
   a ROOT file, and helps with analyzing this file.  
 
Feynman  Feynman Diagrams are pictorial representations of mathematical   
Diagrams   expressions that describe the behavior and interactions of the  
   particles in the Standard Model. These diagrams are used in HEP  
   and theoretical particle physics research. 
 
Hadronization This is the process of forming hadrons (particles made from   
   quarks) out of quarks and gluons.  
 
LHE File  LHE file stands for Les Houches Event files. This refers to the  
   standardization of the format of the interface between matrix  
   element programs like MadGraph and event generators like Pythia.  
   This standardization occurred at the Les Houches Accords in 2001.  
 
MadAnalysis MadAnalysis is a plotting library that can create histograms of  
   kinematic quantities involved with particle collision events. It uses  
   input with the form of an LHE file.  
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Path Variable The Path environment variable is a variable you can define and  
   modify within your .bashrc file. It tells your operating system where 
   to find programs that it may need to access.  
 
Pythia 6  Pythia 6 is a simulation program for producing particle collision  
   simulations at very high energies, as well as taking simulations as  
   input and hadronizing particles that should be hadronized.  
 
Python  Python is a high level, multipurpose programming language. Many  
   software systems have components written in Python.  
 
ROOT   ROOT is an object-oriented software system and library developed  
   by CERN. It was designed for particle physics data analysis but is  
   applicable in multiple additional fields.  
 
Standard Model The Standard Model is the theory that physicists currently believe   
of Particle  describe all known particles with the greatest detail and the 
Physics  greatest accuracy. 
 
.tar.gz File  A TAR file refers to a Tape ARchive file. The .gz refers to a zipped  
   file, a form of file compression that is also used in Windows   
   environments. .tar.gz is a standard form of compression in the  
   Linux OS.  
 

Terminal  The Terminal, also known as the command line or shell, is an  
   application where you can type and execute computer commands  
   directly. 
 
Terminal Prompt The Terminal Prompt is the location in the terminal where you can  
   type commands. On a Linux OS it usually looks like a dollar sign  
   ($). 
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Further Information 
 

You can find further information on the topics in this guide at all of the following links 
below. MadGraph is a wonderful tool and I wish you the best of luck in using it!  
 
MadGraph:  http://madgraph.physics.illinois.edu/ 
   https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/ManualAndHelp 
   https://answers.launchpad.net/mg5amcnlo 
   https://arxiv.org/abs/1405.0301 
 
Pythia 6:   https://arxiv.org/abs/hep-ph/0603175 
   https://pythia6.hepforge.org/  
 
Linux  
Information:  http://unix.stackexchange.com/  
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