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First: Get the notebook

Notebook on github
git fetch –all
git checkout RDFNotebook
13-TeV-examples/rdataframe/RDataFrameOnResearchOD.ipynb

https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/RDFNotebook/13-TeV-examples/rdataframe/RDataFrameOnResearchOD.ipynb
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ROOT in Swan

● Do nothing, and carry on

Execute the first 6 cells now! 
(may take some time if you haven’t used ROOT in Swan 

before)
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Get ROOT in Google Colab
1. Get the precompiled ROOT for Google Colab

2. Unzip it

3. Get some other needed libraries 

Tip!
If you’d like to avoid having to download the zip-file all the 
time: save it to your google drive, mount your drive and 
get it from there
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Get ROOT in Google Colab

4. Make sure ROOT is 
found by the system

5. Check that 
everything’s working!

6. We also need 
atlasopenmagic

Execute the first 6 cells now! 
(may take some time if you haven’t used 

ROOT in Swan before)
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Content, framework and notebook

1. Using RDataFrame to inspect the Research Open Data
○ Simple example

2. Using RDataFrame in a simplified analysis workflow 
○ Simplified example, but shows most of the ingredients needed 

to perform a complete analysis
3. Converting from RDataFrame to NumPy

○ Slow, and unnecessary
4. Doing machine learning directly from RDataFrame

○ Requires later versions (>6.38) of ROOT 

Get the latest notebook version:

bleeding edge

Notebook on github
git fetch –all
git checkout RDFNotebook
13-TeV-examples/rdataframe/RDataFrameOnResearchOD.ipynb

https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/RDFNotebook/13-TeV-examples/rdataframe/RDataFrameOnResearchOD.ipynb
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Introduction

● What is RDataFrame?
○ a modern, high-level interface for analysis of data stored in TTree, CSV and other 

data formats, in C++ or Python
■ multi-threading and other low-level optimisations allow users to exploit all the resources 

available on their machines completely transparently
○ Calculations are expressed in terms of functional chain of actions and 

transformations, RDataFrame takes care of their execution
● Links

○ Main documentation
○ Many nice tutorials 

https://root.cern/doc/master/classROOT_1_1RDataFrame.html
https://root.cern/doc/master/group__tutorial__dataframe.html
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Introduction

● Compare with a simple example in awkward array

Awkward array (from live demo)

The RDataFrame counterpart

No explicit loop over events!

RDataFrame takes care of the 
execution (either single 
threaded, multi threaded or 
multi processed)

No need to store the result in 
any (possible large) vector!

https://docs.google.com/presentation/u/0/d/1a_y9C7zWv2JeNPrutkDldNF1mz8VuDhC3OY1Jds3vnU/edit
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How to define an RDataFrame

● Let’s start with a simple example using only one file from the Research 
Open Data release

Name of the TTree Path to root file (can also provide list of files or strings 
with wildcards)

● Lot’s of Warning messages:
○ Warning in <TClass::Init>: no dictionary for class <...>

○ Caused by the fact that we can not access any of the branches relying on 
the xAOD class (needs ATLAS software). Can be ignored for now.
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Lazy execution in RDataFrame

Lazy Executions
Most actions in RDataFrame are lazy, i.e. they are not executed on the spot, but 
registered with RDataFrame and executed only when a result is accessed for the first time

E.g. getting the number of events in the data frame does nothing…

… until you explicitly ask for the value
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Getting the branches in the RDataFrame

● There are 1519 branches in the Research Open Data
○ Not all of them can be used in a simple RDataFrame analysis

Can only read the 
branches with AuxDyn

Split into collection and 
variable

See more on the content 
in Mariana’s introduction 
to PHYSLITE

… and many more 



ATLAS Open Data Tutorial — Research Open Data — 27 November 2025

Start doing some real work
1. Define signal electrons as electrons passing some basic criteria

○ Creates a mask, signal_el, telling if the electron passed criteria or not

2. Make a new variable with the the number of signal electrons per event
○ Simply counting the number of times signal_el is true for every event

3. Only keep events with at least two signal electrons
○ Using the Filter command 

Description of cut (will be useful later - see next slide)Cut expressionData frame containing only 
the events passing the cut 

Nothing has been executed yet…
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Let’s look at some results

● We can generate an overview of the cuts applied so far

Report gives you an 
overview of the filters 
applied to your 
RDataFrame (lazy!)

 Executes the 
command and 
prints results

The description of the cut we 
defined in Filter (previous slide)

Events passing cut

Events before cut

Events passing cut [in %] - both 
cut-by-cut and cumulative (if we had 
applied more cuts)
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A bit more advanced calculations 

● For more advanced calculations we can call C++ functions using 
RDataFrame’s Define()-function in python
○ It uses ROOT’s Cling C++ interpreter (enable just-in-time compilation of C++ in 

Jupyter Notebooks)
○ To be able to do this in Google Colab we need to add some paths to the environment 

variables

Cling
Cling is an interactive C++ interpreter. Its advantages over the standard 
interpreters are that it has command line prompt and uses just-in-time (JIT) 
compiler for compilation.

https://root.cern/cling/
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A bit more advanced calculations 

● We define a simple C++ function calculating the invariant mass of to 
electrons using the 4-vector class in ROOT

ROOT’s C++ 
interpreter 

● And we can use it to define a new variable 
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A tip for using C++ functions

● Put your C++ function into a 
function and compile from within 
the notebook
○ Avoids having to define every 

function inside the notebook 
○ Easy to share across different 

notebooks 
○ Somewhat more safe compilation

Compile the C++ library from within your notebook
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Create a histogram from the data frame

● RDataFrame has built-in functions for creating histograms
○ Histo1D(), Histo2D(), Histo3D()

Title; x-axis label; y-axis label Number of bins, start, stop

Variable to plot

Name of histogram

● Again, this is lazy until we…

https://root.cern/doc/v632/classROOT_1_1RDF_1_1RInterface.html#af5b79eb05f2ec0b730ec3b378a2d9ef9
https://root.cern/doc/v632/classROOT_1_1RDF_1_1RInterface.html#a5408b465ad0870f34d8a57d5d9924f76
https://root.cern/doc/v632/classROOT_1_1RDF_1_1RInterface.html#ab1db213de6dbc9b22d6fe68e37dde935
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Create a histogram from the data frame

● … we e.g. plot the histogram

~6 minutes!
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Let’s build a more complete analysis

● We need to 
○ Retrieve scale factors to scale each MC sample to the integrated luminosity of the 

data set (i.e. need cross-sections, filter efficiencies, k-factors, sum of event weights)
■ All of this can be retrieved from atlasopenmagic

○ Categorize the PHYSLITE files into the different background processes (ttbar, diboson, 
Z+jets, etc…) for nice plots

○ Parallelize the execution to make analysis more efficient
○ Define a set of C++ functions and compile and call on them from the Jupyter 

Notebook
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Let’s start with defining the samples

● For this we use atlasopenmagic - as we have done several times during 
this tutorial

If you’re running on Google 
Colab we need to drastically 
reduce the data set
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Load the samples into an RDataFrame

● When we later are gonna parallelize our 
execution it is beneficial to put all the 
files we want to process into one big 
RDataFrame
○ Remember that we will not have any 

memory issues doing this since ROOT is 
handling memory in a completely different 
way than e.g. is done in Pandas dataframe 

○ We still need to know which process (real 
data, simulated ttbar, simulated diboson 
etc.) each file belongs to when we later want 
to plot histograms etc. 

○ We achieve this by loading the RDataFrame 
using a specification file in json format 

From RDataFrame documentation 

https://root.cern/doc/v632/classROOT_1_1RDataFrame.html
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Create the specification file from atlasopenmagic

● Looping over the dictionary used in atlasopenmagic
○ Creates a dictionary of files belonging to each of the DSIDs/data with the 

corresponding metadata 

Creating the metadata 
dictionary to add to the spec file 
from atlasopenmagic

All the files to be used for a given DSID

For data we restrict the files to one run only 
(i.e. run 311481 from 2016)
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Look at the spec file

The DSID (i.e. corresponding to a specific 
process) 

All the files belonging to this DSID

The metadata for this DSID and the category 
it belongs to (“Signal (mH = 125 GeV”)

Name of the TTree (same in all files)



ATLAS Open Data Tutorial — Research Open Data — 27 November 2025

A full analysis

● Multi threading is so simple (unf. colab only gives you 2 CPUs):

● Then we’re ready to define the RDataFrame and do some real stuff 

● Stuff which only needs to be defined once we change DSID (second level 
in our spec dictionary)
○ Use DefinePerSample() and get info from metadata entry in json file

Retrieve 
information from 
the metadata in 
the spec file 

S for string
D for double/float

Retrieves filename and checks if data/MC
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A full analysis

● Start adding operations on every event - starting with the total weight

● Adding selections, cuts and variables (similar to previous example)

Reminder:

The MC generator weights (event-by-event)No weights on data
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A full analysis

● Create histograms of the 4L-invariant mass, one for each category 

Filter out the events 
belonging to each 
category 

Book histograms, with a 
unique name for that 
process

Histo1D is lazy, so this loop will 
not do anything now. 
Puts all histograms in a list for 
parallel execution

When we have defined all our histograms we send the 
execution graph to ROOT for processing
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And after some time you get this…
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Convert from ROOT to NumPy

● RDataFrame also comes with functions to convert from RDF to numpy 
arrays/pandas



ATLAS Open Data Tutorial — Research Open Data — 27 November 2025

Why bother going through numpy arrays?

● You can get pytorch tensor directly from the RDataFrame
○ This is work in development, thus you need absolute latest version of ROOT (>6.38)

● Disclaimer: this is really work in progress, so under constant 
development! 

● See talk at ROOT’s user workshop last week

https://indico.cern.ch/event/1505384/contributions/6781036/
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Setup in Swan

● Setup “Bleeding Edge” Sofware stack in 
Swan, and go to the last part of the 
notebook! 
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Converting from RDF to pyTorch tensor 

Chunking, blocking and batching


