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What is the format of the Open Data for E&O

● The data is stored as ROOT NTuples 
○ ROOT is an open-source data analysis framework used in high energy physics (more 

on ROOT in Thursday’s session on Open Data for research)
○ The structure of the NTuple files is made of a series of branches, each 

corresponding to a specific variable

To be used with ROOT…
● in either C++ or python 

(pyROOT)

… or without ROOT 

● using the Uproot package 
with awkward arrays

https://root.cern.ch/
https://opendata.atlas.cern/docs/documentation/data_format/ntuple
https://pypi.org/project/uproot/
https://awkward-array.org/doc/2.6/index.html
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What is stored in the ntuples?

● Electrons and muons
○ Combined into leptons

● Photons
● Tau leptons
● Small-radius jets
● Large-radius jets
● Missing transverse energy
● Scale factors to account for small 

differences between simulations 
and data

● Scale factors to scale the simulated 
events to the right integrated 
luminosity Everything about the content of the ntuples 

on the Open Data web pages

https://opendata.atlas.cern/docs/data/for_education/13TeV25_details
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What is stored in the ntuples

● Electrons and muons
○ Combined into a common 

lep-vector 

Indicating whether it is an 
electron (11) or muon (13)

Indicating if this lepton 
was responsible for 
firing the trigger

Electric 
charge of 
lepton (+/-)

Basic selection of electrons and 
muons in E&O release

Track parameters

Kinematics

Quality of the 
reconstruction

Number of objects
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What is stored in the ntuples

● Photons

Basic selection of 
photons in E&O 

release

Kinematics

Quality of the 
reconstruction

Number of objects
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What is stored in the ntuples

● Tau leptons 
Electric charge of tau 
lepton (+/-)

How the tau decayed

Number of tracks in 
hadronic tau decays

Credit: Saleem, Tasneem. (2019). Development of pixel detector for ATLAS Inner 
Tracker(ITK) upgrade at HL-LHC and Searching for the Standard Model Higgs 
boson decay into b-quark pair with ATLAS experiment.

Basic selection of 
taus in E&O 

release

Kinematics

Quality of the 
reconstruction

Number of objects
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What is stored in the ntuples

● Small-radius jets 
Kinematics

Quality of the 
reconstruction

Number of objects

How likely the jet is to 
originate from a 
b-quark (next slide)

How likely the jet is to 
come from the primary 
interaction point

How the transverse 
momentum of the jet 
changes wrt. changes in 
the jet energy scale

Basic selection of 
jets in E&O release



ATLAS Open Data Tutorial — Outreach and Education Open Data — 24 November 2025

What is stored in the ntuples

● b-jets

○ Jets passing 

certain criteria to 

be identified to 

originate from a 

b-quark  

○ The criteria are 

based on a deep 

learning algorithm 

using the DL1dv01 

tagger

How likely the jet is to 
originate from a 
b-quark

How likely the jet is to 
come from the primary 
interaction point

How the transverse 
momentum of the jet 
changes wrt. to changes 
in the jet energy scale

Kinematics

Quality of the 
reconstruction

Number of objects

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-014/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-014/
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What is stored in the ntuples

● Large-radius jets Variable to identify jets 
from hadronic Z-boson 
decays (link)

Basic selection of 
large-radius jets in E&O 

release

Kinematics

Number of objects

https://link.springer.com/article/10.1007/JHEP12(2014)009
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What is stored in the ntuples

● Missing transverse energy (MET)
○ The incoming particles in the collision carry 

negligible momentum transverse to the 
beamline

○ We know that the vector sum of the final state 
particles should have a transverse 
component that is zero 

○ After we reconstruct all of the visible particles 
in the event, the missing transverse energy 
(MET) is calculated as the negative vector 
sum of those objects

○ MET can originate from 
■ Inefficiencies in our detector (“fake” MET), 
■ Known invisible particles (neutrinos)
■ Unknown invisible particles (dark matter??)

Information only in the plane transverse (xy) to the beam direction
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What is stored in the ntuples

● Truth collections

○ For each of the reconstructed objects (electrons, muons, 

photons, taus, missing transverse energy and jets) the true 

objects from the generation step are stored 

○ For each true object the pT, η, φ, energy/mass are stored 

○ Can be matched to the reconstructed object by checking that 

the difference in R between the reconstructed and true object 

is below some threshold (typically ~0.2)
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What is stored in the ntuples

● Scale factors
○ To account for the differences in reconstruction and identification efficiencies 

between data and simulations we apply scale factors on the simulations
○ Also need to account for differences related to differences between the simulated 

and true pileup distribution (since simulations are usually made in advance of the 
data taking period)

Depending on the objects you 
use you need to apply the 
corresponding scale factors 
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What is stored in the ntuples

● Scaling simulations to the integrated luminosity of the data set
○ You learnt in the previous lecture that the simulations are divided into many data sets 

representing one production (and decay mode) - each with a given cross section

Integrated luminosity of the data set
(36.1fb-1 in the Open Data 2025 release)

Cross section of the 
simulated process

Filter efficiency of the 
generated sample 

Sum of the weights of 
all events generated

Weight to apply for a 
given simulated event

Weight added to a 
simulated event by 
the event generator

Factor to account for 
higher order corrections 
to the cross section
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What is stored in the ntuples

36.1

Weight to apply for a 
given simulated event

● Scaling simulations to the integrated luminosity of the data set
○ You learnt in the previous lecture that the simulations are divided into many data sets 

representing one production (and decay mode) - each with a given cross section
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Which samples to use?

● The Open Data ntuples for E&O 
are published with different 
selections (OD E&O 13TeV 2025 
details)
○ Tailored towards different types 

of analyses
○ A set without any particular 

selection applied is also 
published as noskim

■ NOTE! These are very large 
and makes your analysis 
considerably slower!

The names used to identify the data sets 
in the Open Data portal / atlasopenmagic

Also known as a “skim”

https://opendata.atlas.cern/docs/data/for_education/13TeV25_details
https://opendata.atlas.cern/docs/data/for_education/13TeV25_details
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Size of some selected skimmed samples and noskim

○ A lot to save by 
using a skim 
tailored to your 
analysis

○ Less disk space 
and quicker 
analysis

○ Will look at how 
you can create 
your own 
skimmed 
samples from the 
noskim
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Demo time! (link)

DEMO TIME!

https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata


ATLAS Open Data Tutorial — Outreach and Education Open Data — 24 November 2025

Tabular Data

● A large proportion of the data we 
analyse is in tabular form 
○ Table consists of rows and columns

■ Each row is an individual record
■ Example in ML, event in particle physics 
■ Rows are usually indexed 

○ Each column is a given property of the 
data 

■ Feature in ML, branch/variable in ROOT 
■ Columns are usually named 

○ The intersection between a row and 
column is a cell and usually (but not 
always - see later) contains a single 
value

● Variation: multiple entries per cell 
(ragged data) → much more on this 
later…
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Ragged tabular Data

● Structure is still tabular but 
○ Each cell can contain more than one (or 

no) entries 
○ The number of entries in a given column 

varies at random from row to row 
○ Each cell is an array 

● This data structure is very common in 
particle physics 
○ Relatively uncommon in data science and 

is not easily accommodated in the usual 
data science tools such as Pandas, 
numpy 

○ This has led to development of special 
tools such as ROOT, AwkwardArray etc.

○ Can pose a particular problem for 
machine learning (more on this later…)
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Data analysis tools

● AwkwardArray and uproot: “ragged NumPy”
○ Numpy and Pandas do not easily accommodate ragged data 
○ This has been solved with AwkwardArray which allows ragged data to be handled 

with Numpy-like idioms 
○ The Uproot package allows ROOT data structures to be converted to Numpy and 

Pandas structures 
○ AwkwardArray can read data either via uproot or from the ROOT dataframe 
○ We will use AwkwardArray, Numpy/Pandas during this tutorial (and we will look at 

ROOT later in the week)

https://awkward-array.org/doc/2.6/index.html
https://uproot.readthedocs.io/en/stable/index.html
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● You already did the initial setup of atlasopenmagic in the previous demo
○ So let’s just run quickly through the first four cells

● We will look at data and one MC sample
○ In order to not load too many events we use the 4lep skim
○ The MC samples contains simulated events of two Z-bosons, each decaying to a pair 

of leptons



ATLAS Open Data Tutorial — Outreach and Education Open Data — 24 November 2025

● You already did the initial setup of atlasopenmagic in the previous demo
○ So let’s just run quickly through the first four cells

● We will look at data and one MC sample
○ In order to not load too many events we use the 4lep skim
○ The MC samples contains simulated events of two Z-bosons, each decaying to a pair 

of leptons
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● We need to import several python packages for plotting, data handling 
and other useful things
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● Load the TTree in the ROOT NTuple using Uproot

Name of the TTreeLook at the first file in the list
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● Let’s look at the content

… + many more

Number of entries (events) in the 
file 

Data type of variable

Dimensions 
* : means one entry per event
* var : means a vector with variable 
length per event (ragged)
(if just a number (e.g. 4) it means a 
vector with the same length (4) for 
all the events)

Variable name
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Studying the ragged arrays

● Looking at one of the vector variables (lep_pt)

axis = 0

: axis = 1

axis = None: 
combines all values 
from the array into a 
single scalar result
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Content in data and MC

● The content, in terms of branches, is identical in data and simulation
○ But some variables might be empty or have standardized values in data

■ Truth collections are all empty in data
■ All scale factors are 1 in data

Truth electron pT in data Truth electron pT in MC
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Look at the variables 

● It is very easy to 
study the variables 
in the NTuples by 
plotting them 
directly from the 
array
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Look at the variables 

● It is very easy to 
study the variables 
in the NTuples by 
plotting them 
directly from the 
array
○ But if you plot from 

a vector you need 
to flatten it first
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Look at the variables 

● It is very easy to 
study the variables 
in the NTuples by 
plotting them 
directly from the 
array
○ But if you plot 

from a vector you 
need to flatten it 
first
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Scale the background to the right luminosity

● Need to calculate the total weight from the formula for every event

Loads the variables we need 
and iterates over all the events 
in chunks (see: uproot.iterate)

Collects all the events in a 
list before we convert it back 
into an awkward array at the 
end

https://uproot.readthedocs.io/en/latest/uproot.behaviors.TBranch.iterate.html
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Scale the background to the right luminosity

● Then plot with and without weights

When we flatten the data 
we need to expand the 
weight vector accordingly 

Provide the weights when 
creating the histogram

The variable we want to plot and the 
weights to apply for each event/entry in 
the vector
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Scale the background to the right luminosity

● Final plot!
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Time for Q&A!

Questions?


