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https://indico.cern.ch/event/1564767/
https://drive.google.com/drive/folders/1aU87HmgVWcpGpAaqwjvMn5D011qTVL59

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

e The datais stored as ROOT NTuples

o ROQT is an open-source data analysis framework used in high energy physics (more
on ROOT in Thursday’s session on Open Data for research)

o The structure of the NTuple files is made of a series of branches, each
corresponding to a specific variable

£3ROOT Files
[i:}.ﬁgODEO_FEB2025_v0_exac1ly4lep_mc_410470.PhPy8EG_A14~nbar_hdanv258p75_nonalhad.exacﬂy4lep.rool
[;:}._?_Ianalysis;l

...&num_events rOOt file TO be used Wlth ROOT.-.
& sum_of_weights 5
- § sum_of_weights_squared l finiia o in either C++ or python
gysec (PyROQOT)
- R Mfac TTree
...%ﬁteﬁ
-} TrggerMatch_DILEPTON o ... or without ROOT
& ScaleFactor MLTRIGGER
- ¢ ScaleFactor_PILEUP Branches ® using the Uproot package
- Ji Sonlefackr FIAG with awkward arrays
- §f¢ meWeight l Holds
& channelNumber
— Yy cventiiumbior Values (each event)
- 3% runNumber
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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

What is stored in the ntuples? ?&Imﬁm

Electrons and muons Electron (e) Muon (1) Photon (7)
o Combined into leptons InDet & EMCALrec.  InDet & MSrec.  InDet & EMCAL rec.

Photons

Tau Ieptons pr > TGeV pr > T7GeV Er > 25GeV

Small-radius jets Inll < 2.47 Inll < 2.5 Imll < 2.37

Large-radius jets o Small-Rjets Lacge R jeta

MiSSing transverse energy InDet & EMCAL rec. ~ EMCAL & HCAL rec. EMCAL & HCAL rec.

Scale factors to account for small P — anti-kt, R=1.0

differences between simulations Inll < 2.5 pr > 20Gev pr > 250GeV

and data Inll < 2.5 Inll < 2.0

Scale factors to scale the simulated b-tagging (DLIVOT)  trimming: Ruus = 0.2, fout = 0.0

events to the right integrated

luminosity Everything about the content of the ntuples

on the Open Data web pages
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https://opendata.atlas.cern/docs/data/for_education/13TeV25_details

What is stored in the ntuples ?

Electrons and muons
o Combined into a common
lep-vector

Basic selection of electrons and
muons in E&O release

Electron (e) Muon (1z)
InDet & EMCALrec. InDet & MS rec.
pr > 7 GeV pr > 7 GeV

Inll < 2.47 Inll <2.5

ATLAS Open Data Tutorial

i lep_charge

’_i Tep_do

lep_dOsig

>‘.. % lep_e

lep_eta

\

7

-

2 & lep_isLooselD
% lep_isLooselso
% lep_isMediumID

,..&lep isTightlD
..&lep isTightlso

<~

3 lep_isTrigMatched

oo

& lep_ptvarcone30
% lep_topoetcone20

J

B LA

r & lep_z0

]

e

Electric
charge of
lepton (+/-)

AS

NT

Track parameters

Kinematics

Quality of the
reconstruction

Number of objects

— Indicating if this lepton
was responsible for

firing the trigger

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

— Outreach and Education Open Data — 24 November 2025



What is stored in the ntuples ?ﬂmﬁ«m

e Photons
g photon_e ] Kinematics
photon_eta )
- § photon_isLooselD ) ;
- §§ photon_isLooselso Quality of the
- ¢ Photon_isTightID reconstruction
... 3% photon_isTightlso )
l photon_n ) N b f obi
g photon_ph < umber of objects
;%photon_pt )
. . B
Basic selection of “ 3 photan: picarie2( .
. hoton_topoetcone4
photons in E&O - § photon_top J
release
InDet & EMCAL rec.
Er > 25 GeV
Im|| < 2.37
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What is stored in the ntuples ?ﬁlmﬁé

e Tau leptons

Basic selection of
taus in E&O
release

InDet & EMCAL rec.
pr > 20 GeV

Il < 2.5

& tau_RNNEleScore
& tau_RNNJetScore

jtau_oharge —* Electric charge of tau

How the tau decayed

[ lepton (+/-)

E g tau_isTight

.- 3% tau_n

jtau_nTradcs — Number of tracks in
- 3 tau_phi ] hadronic tau decays
-.-&lau _pt

10.8%

9.3%

Kinematics

Quality of the
reconstruction

Number of objects

. Credit: Saleem, Tasneem. (2019). Development of pixel detector for ATLAS Inner
3 25.5% Tracker(ITK) upgrade at HL-LHC and Searching for the Standard Model Higgs

boson decay into b-quark pair with ATLAS experiment.
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What is stored in the ntuples ?ﬂmﬁ«m

jet_btag_quantle — How likely the jet is to

e Small-radius JetS &181 . 3 originate from a
é....tiet_eta ) b-quark (next slide) Kinematics
& et —— How likely the jetis to
. Bwjet n come from the primary Quality of the
jet_phi ) interaction point reconstruction
Basic selection of &]et  pt )
jets in E&O release ’ jet_pt_jert How the transverse Number of objects
;..,&'pt_pt_'prz — ~ momentum of the jet
' changes wrt. changes in
EMCAL & HCAL rec. the jet energy scale
anti-kt, R=0.4
pr > 20 GeV
Imll <2.5

b-tagging (DL1dv01)
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What is stored in the ntuples ?&Imﬁm

jet_btag_quantle — How likely the jet is to
N

® D-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 DL1dvO1

tagger

originate from a
b-quark

—— How likely the jetis to

come from the primary

interaction point

How the transverse

— > momentum of the jet
changes wrt. to changes
in the jet energy scale

&;et _pt_jer2
100% jet btag quantile>=1
85% jet btag quantile>=2
77% jet btag quantile>=3
70% jet btag quantile>=4
60% jet btag quantile>=5

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

Kinematics

Quality of the
reconstruction

Number of objects

T


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/

What is stored in the ntuples ?&Imﬁm

e Large-radius jets

Basic selection of
large-radius jets in E&O
release

EMCAL & HCAL rec.
anti-kt, R=1.0
pr > 250 GeV
Il <2.0

trimming: Ry = 0.2, for = 0.05

i....tlargemet_DQ — Variable to identify jets
& largeRJet e from had'ronic Z-boson
3 largeRlet_eta decays (link)
largeRJet_m

.. 3 largeRJet n |

& largeRJet _pj

& largeRJet pt
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https://link.springer.com/article/10.1007/JHEP12(2014)009

What is stored in the ntuples ?ﬂmﬁ«m

e Missing transverse energy (MET)
o The incoming particles in the collision carry

Missing transverse momentum,
inferred from momentum
conservation

negligible momentum transverse to the oy
bea m | i ne Dark Matter particle
o We know that the vector sum of the final state »

particles should have a transverse Bt Y
component that is zero R

o After we reconstruct all of the visible particles
in the event, the missing transverse energy ‘interaction

point

(MET) is calculated as the negative vector
sum of those objects

o MET can originate from
m Inefficiencies in our detector (“fake” MET),

LHC detector
transverse
cross-section

- Ry met m  Known invisible particles (neutrinos) Visible partictes:

* met mpx | m  Unknown invisible particles (dark matter??) PR OATLA
..tr‘wt—my EXPERIMENT
~ggmetphi | . nformation only in the plane transverse (xy) to the beam direction
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What is stored in the ntuples ?

e T[ruth 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, n, ¢, 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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& truth_elec_eta

...&tmth elec_n
.4.§truth_eiec_phi
...,htmth_elec - pt
mﬁtmth _jet_eta
_...&tmth_jet_m
mttmth jetn
.4.§tmth_jet_phi
.,.%tmth_jet_pi
.4.§tmth_me1
...%truth_met_phi
i truth_muon_eta
& truth_muon_n
...&tmth_muon_phi
.4.§tmth_muon _pt
ﬂuttmth_photon_eta
mﬁtmth _photon_n
...ktmm_photon_phi
.4.§truth_photon_pt
h truth_tau_eta
& truth_tau_n
...&tmth_tau _phi
mitmth_tau pt

AS

NT



What is stored in the ntuples

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

(@)

@)

between data and simulations we apply scale factors on the simulations

YA

TLA

PERIMEN

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

i ScaleFactor BTAG

& ScaleFactor_DiTauTRIGGER
& ScaleFactor_ELE

& ScaleFactor_ETRIGGER
% ScaleFactor FTAG

% ScaleFactor JVT

& ScaleFactor_LepTRIGGER
& ScaleFactor MLTRIGGER
% ScaleFactor MUON

& ScaleFactor MuTRIGGER
& ScaleFactor PHOTON

& ScaleFactor_PILEUP

% ScaleFactor_ TAU

- & ScaleFactor TauTRIGGER
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What is stored in the ntuples

YATLAS

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

representing one production (and decay mode) -

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

/ generated sample

each with a given cross section

Cross section of the
simulated process

Filter efficiency of the

deta

Ui

’Ui Weight added to a
simulated event by
] the event generator

Weight to apply for a w
given simulated event 0' /(Z

Sum of the weights of
all events generated

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

PERIMENT

e Scaling simulations to the integrated luminosity of the data set
o 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

36.1 - Ry xsec

given simulated event

Weight to apply for a {waJ: det gl ’Ui

.- 3 sum_of_weights & kfac
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Which samples to use?

Selection

At least one lepton with at least 7 GeV of pr and 30 GeV of missing transverse momentum (i.e. a leptonically-

decaying W-boson enhanced selection)
Two to four leptons with at least 7 GeV of pr each
At least two muons with at least 10 GeV of pr (i.e. a leptonically-decaying Z-boson enhanced selection)
At least three jets with at least 20 GeV of pr, at least one lepton passing tight identification requirements with at
least 7 GeV of pr, and 30 GeV of missing transverse momentum (i.e. a semi-leptonic top-quark enhanced

selection)

At least two photons with at least 25 GeV of pr each (i.e. a Higgs boson decaying to two photons enhanced

selection)

At least two jets with at least 20 GeV of pr, at least two leptons passing tight identification requirements with at

least 7 GeV of pr, and 30 GeV of missing transverse momentum (i.e. a di-leptonic top-quark enhanced selection)

At least two jets with at least 20 GeV of pr identified as containing at least one heavy flavor hadron using the

70% working point (i.e. a Higgs boson decaying to b-quarks enhanced selection)
At least three leptons with at least 7 GeV of pr each
Exactly three leptons with at least 7 GeV of pr- (i.e. a leptonically-decaying W+Z boson enhanced selection)
At least four leptons with at least 7 GeV of pr each

Exactly four leptons with at least 7 GeV of pr (i.e. a leptonically-decaying ZZ boson or Higgs to four leptons
enhanced selection)

ollection
Name

1LMET30

2todlep

2muons

3JILMET30

GamGam

2J2LMET30

2bjets

3lep
exactly3lep

4lep

exactly4lep

C

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

o Tailored towards different types
of analyses
o A set without any particular

selection applied is also

published as noskim
m NOTE! These are very large
and makes your analysis
considerably slower!

S

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

Also known as a “skim”
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https://opendata.atlas.cern/docs/data/for_education/13TeV25_details
https://opendata.atlas.cern/docs/data/for_education/13TeV25_details

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

3J1LMET30

2J2LMET30

> 1 lepton wi/tight ID and > 3 jets and

EMss > 30 GeV

> 2 lepton witight ID and > 2 jets and
ET" > 30 GeV

exactly3lep

== 3 leptons w/pr > 10 GeV 1.9 2.3 4.1

Total |

[ 205 341 | 637

Name

Selection

Size [GB]
MC Data | Total

Noskim -

509 801 | 1300
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Demo timel (i) .}

(

"

DEMO TIME!

~

J

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

ATLAS

EXPERIMENT


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

Tabular Data ?A

e A large proportion of the data we
. A B & D E = G
analyse is in tabular form
o Table consists of rows and columns # # # # # # #
m Eachrowis an individual record
m  Example in ML, event in particle physics i #t # # # # #
m Rows are usually indexed
o Each column is a given property of the # | # # # | # # | #
data
m Feature in ML, branch/variable in ROOT # # # # # # #
| 'Columns'are usually named # # # " # #
o The intersection between a row and
column is a cell and usually (but not # # # # # # #
always - see later) contains a single
value # # # # # # #
e Variation: multiple entries per cell 4 @ | o# | # | o# | # | #

(ragged data) » much more on this
later...
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e 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

e This data structure is very common in
particle physics

O

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...)

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

Ragged tabular Data SPATLA

T

A B c
[#,#,#] [#,#] [#]
I [#,#,#] [#,#,#]
[#,4#,#] [#,#,8,4,4] | [####]
[#,#] [#] [#,#]
0 [#,#,#] I
[#,#] [#,4#,#] [#,#]
[#,4#,#] [#] [#,4,#]
[##, 4,4, 4, #] [#,4,#] [#]




Data analysis tools ¥ ATLAS

o AwkwardArray and uproot: “ragged NumPy”

©)
©)

Awkward

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)

Array

ATLAS Open Data Tutorial — Outreach and Education Open Data — 24 November 2025
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https://awkward-array.org/doc/2.6/index.html
https://uproot.readthedocs.io/en/stable/index.html

e You already did the initial setup of atlasopenmagic in the previous demo
o So let’s just run quickly through the first four cells
e We will look at data and one MC sample

o In order to not load too many events we use the 4lep skim
o The MC samples contains simulated events of two Z-bosons, each decaying to a pair
of leptons

samples = atom.build_dataset(defs, skim=skim, protocol='https',6 cache=
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YATLAS

EXPERIMENT

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

e We will look at data and one MC sample

o In order to not load too many events we use the 4lep skim
o The MC samples contains simulated events of two Z-bosons, each decaying to a pair
of leptons

samples

{'Data': {'list': ['simplecache::https:// /eos /opend S/ ita/ FEB2025 v@_4lep datal5 periodD.4lep.root'’

'simplecache: :https://opendata.cern.ch/ endata/atlas/rucio/opendata/ODEQ v@_4lep d odE.4lep.root'’
'simplecache: : / .cern. pendat as/ruci pendata/ODEQ
'simplecache: : /opendata.cern.ch/ pendata as/rucio/opendata/0ODEQ
'simplecache: : D /opendata.cern.ch/ pendata as/ruci endata/ODEQ
'simplecache: : r .cern.ch/ pendata s/xuci pendata/ODEQ
'simplecache: : : : .ch/eos/opendata as/rucio/opendata
'simplecache: : / .cern.ch/eo penda as/rucio/opendat
'simplecache: : ng .cern.ch/eos/openda as/rucio/opendata/ODEQ
'simplecache: :https:/ endata.cern.ch/ec as/rucio/opendata/ODEQ
'simplecache: : s://opendata.cern.ch/ pendata rucio/opendata/ODEQ
'simplecache: : ./ /oper ! .ch/ pendata as/rucio/opendata/ODEO
'simplecache: :htt /opendata.cern.ch/eos/opendata as/rucio/opendata/ODEQ
'simplecache: : //opendata.cern.ch/ pendat /Tucio/opendata/ODEQ
'simplecache: :https://opendata.cern.ch/eos/opendata/atlas/rucio/opendata/ODEQ periodK.<
'simplecache: :https://opendata.cern.ch/ pendata as/ruci endata/ODEQ vo periodL. p.TY00t"']}

'ZZ to 4L': {'list': ['simplecache::https: pendata.cern.ch/eos/opendata/atlas/ruci vo ep_mc_700600 . Sh 12 1111.41lep.x00t'],
'color': '#6b59d3'}}

periodG.
periodH.
periodJ.41

M [m|m
m |m |m

-

-

oo oo (oo |oo (oo (oo (oo

N (NN 1IN

-

6_periodC.¢4
16_periodD.

-

M |
UL (o (o B (R (o O ()

16_periodI.

oo |oo0 (oo [oo (oo |oo
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_ EXPERIMENT

e We need to import several python packages for plotting, data handling
and other useful things

)rt numpy as np # for numerica i lcu
t matplotlib.pyplot as plt # for pl

)rt matplotlib inline # f«¢ it 1

,'V;"T'r‘ 1 1 1 ne = =%

from matplotlib.ticker im L AutoMinorLocator # fo

)rt uproot # T eading .root file
rt awkward as ak # to represent nested
L vector # T i t culat

. E time # f [
port requests # fc
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e Loadthe TTree inthe ROOT NTuple using Uproot

Look at the first file in the list Name of the TTree

background_diboson_path = samples|'ZZ

tree_bkg = uproot.open(background_diboson_path +

data_path = samples['Data’']["1list"][0]

tree_data = uproot.open(data_path +
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e Let’s look at the content

print(

for var i{rw éortea[t;l e' k "."7 ' . Variable name

ys()):
h(var,tree_bkg[var].array

print("

Variable Name

ScaleFactor_BTAG

SEniehacToT DI IDhER “ Number of entries (events) in the
ScaleFactor_ELE o vgt32

ScaleFactor_E1TRIGGER * floatsQ file

ScaleFactor_FTAG * float22

ScaleFactor_JVT ““Tloat32

ScaleFactor_LepTRIGGER * float32 Data type of variable
ScaleFactor_ MLTRIGGER * float32

ScaleFactor_MUON * float32

ScaleFactor_MuTRIGGER * float32

ScaleFactor_PHOTON float32 . .

ScaleFactor PILEUP * float32 Dimensions

ScaleFactor_TAU * float32 .
ScaleFactor TauTRIGGER float32 : means one entry per event

TriggerMatch_DILEPTON * float32  means a vector with variable

channelNumber " uint32

eventNumber " uint64
filteff e length per event (ragged)

1€t htad_quanttie L et I (if just a number (e.g. B it means a
jet_e var * float32 .
jet_eta * var * float32 vector with the same length (4) for

jet_jvt * var * bool

jet_n * int32 all the events)

e + m a ny more ATLAS Open Data Tutorial — Outreach and Education Open Data — 24 November 2025



Studying the ragged arrays YATLAS

e Looking at one of the vector variables (lep_pt)

# Look at the first 4 (of 11458) ent
axis = None: axis=0 st — E—
3.8, 33.6, 31.2, 21.6], .
9.4, 14.1, 39.6, 28.1], .
30, 93.1, 22.7, 21.2]] from the array INnto a
backend: cpu single scalar result
nbytes: 184.2 kB [#.#] [#] [#.#]

type: 4 * var * float32

lepton_pt = tree_bkg['lep_pt'].array()

print("Number of rows = ",len(lepton_pt))

print("Number of lepton in each row = ", |ak.count(lepton_pt, laxis=1))

print("Total number of leptons = ", ak.count(lepton_pt, axis= )

print("Average leptons per event (multiplicity) = ",ak.count(lepton_pt, axis= )/1en(lepton_pt))

Number of rows = 11458

Number of lepton in each row = [4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, ..., 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4]
Total number of leptons = 46039

Average leptons per event (multiplicity) = 4.018065980101239




Content in data and MC YATLAS

e The content, in terms of branches, is identical in data and simulation

o But some variables might be empty or have standardized values in data
m Truth collections are all empty in data
m All scale factors are 1in data

Truth electron p_ in data Truth electron p_ in MC

tree_data['truth_elec_pt'].array()[:4] ,;;: tree_bkg['truth_elec_pt']

1, 44.5, 28.6, 50.8, 19.6],
1, -8, 33.2, 13.17;
1. , 14.4],

[

[1] :', 126, 22.4, 90.7]]

backend: cpu backend:
nbytes: 40 B nbytes: 84.2 kB

type: 4 * var * float32 type: 4 * var * float32
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Look at the variables YATLAS

import matplotlib.pyplot as plt
e |[tisveryeasyto data = tree_bg[
study the variables et
in the NTuples by Fit title( Maon sc

plt.xlabel

plotting them plt.ylabel('Entries')

plt.grid()

directly from the p1t. show()

ad rray Muon scale factor
]

1.00 1.05
Muon scale factor
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Look at the variables YATLAS

It is very easy to
study the variables
in the NTuples by
plotting them
directly from the

array
o Butif you plot from
a vector you need
to flatten it first

tree_bkg['lep_pt'].array()

[[43.8, 33.6, 31.2, 21.6],
[20.9, 10.6, 11.2, 13.4],
[69.4, 14.1, 39.6, 28.1],
[130; 93.1, 22.7, 21.2];
[46.7, 60.3, 32.2, 39],

© ak.flatten(tree_bkg['lep_pt'].array())

[43.
33,
31.
21.
20.
10.
11.
13.
69.
14.

S A ANOOOLOONO ®
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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
o Butifyou plot
from a vector you
need to flatten it
first

import matplotlib.pyplot as plt

data = ak.flatten tree_bkg[ " le

plt.figure(figsi
plt.hist(
plt.title
plt.xlab

plt.y

plt.>

plt.grid()
plt.show()

Transverse momentum of all leptons

100 150 200 250 300
Transverse momentum of leptons [GeV]
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Scale the background to the right luminosity YATLAS

EXPERIMENT

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

Loads the variables we need o det onkw Collects all the events in a
and iterates over all the events g = Z w; list before we convert it back
(2

in chunks (see: uproot.iterate) into an awkward array at the
end

Eaﬂple_data = |1

flumi = 36.1*1000

DetTi1ne
2T1NE

variables = ["xse
# It iterates over the enuvrien in chunl
for data in tree_bkg.iterate(variables,

[data[' totalWeight"] = (lumi*djffa[ 'Xsec

# Append this chunk of eveg to the fir
[sample_data.append(data) ]/

LULTIS > JAE IC 1 ! 1 3 =1 VKWa l alldy
[background_diboson = ak.concatenate(sample_data



https://uproot.readthedocs.io/en/latest/uproot.behaviors.TBranch.iterate.html

Scale the background to the right luminosity YATLAS
The variable we want to plot and the

weights to apply for each event/entry in

the vector

e Then plot with and without weights

mc_weights = ak.to_numpy(background_diboson["totalWeight'
data = background_diboson['lep_pt']

# Expand event_weights to match the flattened dat . When we flatten the data

Thic hroad +c +} nt =7 L

1 RIOAACAasLs e eve tO0 dll ei1ement NI that €

expanded_weights = ak. flatten’mc welghts * ak.ones_ 11ke data)) e we need to expand the
weight vector accordingly

# Flatten the data itself
flattened_data = ak.flatten(data)

fig, ax = plt.subplots(figsize=(1@, 6))

L1 = PL
plt flgu1e(f1051ze— 8, 4))
ax.hist(flattened_data, bins=100,alpha=0.5, label='Unweighted Histogram',6 color='skyblue
ax.h15t(f1attened data, [Nelgnts expanded Nelghts] bins=100, alpha=0.5, label='Wei
ax.set_title('Transverse momentum of all leptons')

ax.set_xlabel( Transverse momentum of leptons [GeV]')

ax.set_ylabel('Entries') R Provide the weights when
Siel L Lin(n. S%0) creating the histogram

ax.set_yscale('log"')
ax.grid()
ax.legend()




Scale the background to the right luminosity

e Final plot!

Transverse momentum of all leptons

1
104 Unweighted Histogram -
] ' Weighted Histogram

10° 5

102 7

Entries

10? 5

100 -

1071 5
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Transverse momentum of leptons [GeV]

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



Time for Q&A! PATLAS

Questions?
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