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The ATLAS Open Data chain YATLAS

e In this session we will look at the framework for converting from the
Research to the Education and Outreach Open Data (skim and

noskim)
The
PhysLiteToOpenData Skimmed
framework samples
selecting
= ‘ dedicated
“ Vizgeee final states
* Total: 65 TB * Total: 2TB * Size of skimmed
» 36 fb! of data recorded in |  * Unskimmed samples with data set varies from
2015 and 2016 only very basic cuts such as ~1.5 GB to ¥350 GB
* 2 billion simulated events event cleaning, good runs list, |+ Data format: ROOT
* Data format: PHYSLITE overlap removal &c NTuples

* Data format: ROOT NTuples

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


https://gitlab.cern.ch/atlas-outreach-data-tools/physlitetoopendata

PhysliteToOpenDataFramework PATI AS

e Framework based on CP(*)-algorithms using the latest

ATLAS analysis releases
o  Can be run inside a docker container image

e Runs on (any) Run 2 PHYSLITE input

e Gitlab repository set up with continuous integration and
unit testing ”

e Repository is registered in Zenodo with a DOI so that it ;“ 000
can be cited with a persistent identifier

e (Comes also with scripts for job submission and for
preparing education and outreach NTuples

(*) The ATLAS combined performance (CP) groups provide recommendations for
use in analysis
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https://gitlab.cern.ch/atlas-outreach-data-tools/physlitetoopendata
https://doi.org/10.5281/zenodo.15791092

How to setup the framework ?glmﬁ«m

Several options (in preferred order):

1. If CERN account: Use Ixplus!
a. Instructions are similar as for the Escape Virtual Research Environment [setup]

2. If Docker on your laptop: use docker
a. Instructions on how to use your own computer and Docker [setup]

3. Innon of the above works
a. login to ESCAPE Virtual Research Environment [setup]
b. Please create an account now [slide 12 hereg]

e Please follow the setup instruction for one of the option.
e The remainder of the tutorial will be (more or less) independent on the framework

you choose.
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https://docs.google.com/presentation/u/0/d/1WKL4toF6uJqyAjMZzVgxldCZkhyY7jhtU-Pu6yRNVFk/edit

Getting Started : Docker 1/2 AT AS

EXPERIMENT

e You need to download Docker on your machine
e (et the software

mkdir OpenData; cd OpenData
mkdir source run build data

git clone --branch 2825beta \

https://gitlab.cern.ch/atlas-outreach-data-tools/physlitetoopendata.git PhysLiteToOpenData
cp PhyslLiteToOpenData/extras/CMakelLists-template.txt CMakelLists.txt

e (o to the data directory and download a file from Research Open Data

"https://opendata.cern.ch/record/80013/files/mc20_13TeV_MC_PhPy8EG_NNPDF3_AZNLO_ggZH125_Ht
autau_Zinc_file_index.json_0"


https://www.docker.com/

Getting Started : Docker 2/2 PAT| AS

e Start docker image

Starting docker

sudo systemctl start docker

Register your access token (see slide on how to acquire an access token):

echo "<token here>" | docker login gitlab-registry.cern.ch -u username --password-std

Run the docker image:

docker run -it -v |"$ (pwd)/data": /workdir/data -v "$(pwd)/run":/workdir/run \
gitlab-registry.cern.ch/atlas-outreach-data=tools/physlitetoopendata:latest bash

Command to run (bash opens
a terminal within the container)

Mount local folders Analysis release

Configured GCC from: /Jopt/lcg/eg /13.1.0-b3d18/x86_%4-el9/bin/gcc

Configured AnalysisBase from: nstallArea/x86_64-el9-gccl3-opt

ls

= — [ RN e e = ks sns I3 = YAD KL / ciitbhma+D3 r—70Y2E_11-_DOA-_NAEE _ p I &
run submitDi submi1tD1r—-202F ' submitD1 2025-11-24-0655-53af

@ All set, you’re ready to go




Getting started : Ixplus/VRE 1/2 VAT AS

e You should already have a verified account in ESCAPE Virtual Research
Environment (see talk on resources)

e Click here: https://Ihub-vre.cern.ch (Select the default environment)

eeeeeeee o Open a terminal

e Getting the software: v
If on Ixplus, do:

mkdir OpenData; cd OpenData
mkdir source run build data ssh -Y <cern username>@lxplus.cern.ch

And start from “Getting the software”

git clone --branch 2025beta \
https://gitlab.cern.ch/atlas-outreach-data-tools/physlitetoopendata.git PhysLiteToOpenData

cp PhyslLiteToOpenData/extras/CMakelLists-template.txt CMakelLists.txt
e Setting up the release:

Not needed on Ixplus (or any almalinux@ machine)

asetup AnalysisBase,25.2.40


https://docs.google.com/presentation/u/0/d/1WKL4toF6uJqyAjMZzVgxldCZkhyY7jhtU-Pu6yRNVFk/edit
https://jhub-vre.cern.ch

Getting started : Ixplus/VRE 2/2 SATLAS

e Compile the software

cmake ../source/

source x86_64*/setup.sh

cmake --build . } Important: this must be executed in build directory!

e Downloading the input:

"https://opendata.cern.ch/record/80013/files/mc20_13TeV_MC_PhPy8E
G_NNPDF3_AZNLO_ggZH125_Htautau_Zinc_file_index.json_0"

‘ All set, you’re ready to 9o
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One final thing before running... PAT| AS

e Define the files to run over

Where we compile

nput data DAOD_PHYSLITE.38191136._000001.pool.root.1
inputlist.txt
Where we run run
source
The code repository t:: CMakeLists. txt

PhysLiteToOpenData




Let’s try to run over the input file YATLAS

EXPERIMENT

e [rom within the run-directory

OpenDataNtupler.py -i ../data/inputlist.txt

Tip when running on ESCAPE Virtual Research Environment
o Add Zamlel® to only process 100 events
m if not you may experience problems or have to wait for a long time
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Looking at the output PATLAS

e The output is saved in the submitDir directories

o The folders will have time stamps, and the submitDir will always point to the
latest

dat The Education and
output.root Outreach ROOT NTuple

driver.root

hist The bookkeeping
L output.root

. histograms

input
- output.root
location

output-ANALYSIS

L output.root
submitted




Looking at the output: ROOT NTuple

e The ntuple (should be familiar if you followed the Education and Outreach
part of the tutorial)

©)

Attaching file submitDir/data-ANALYSIS/out

If not; look at Monday’s tutorials

(TFile *x) Ox26586870
_fileo->1s()

root [1]
TFilexx
TFilex

KEY: TTree

submitDir/data-ANALYSIS/ou
submitDir/data-ANALYSIS/ou
My analysi

analysis;l

root [2] analysis->Print()

KK A K K A K AR AR K AR AR R AR AR AR A R AR A KR A A R A A AR AR R AR A AR A AR AR KA AR AR A AR AAKRAARAARKR AR KR AR AR ARk Ak Rk Ak kA )k khkk*%k

xTree
*Entries

x

:analysis

39830 Total =

Tree compression factor =

— ROOT Files

= "-_‘QODEO FEB2025_v0_exactlydlep_mc_410470.PhPyBEG_A14_ttbar hdamp258p75_nonalihad.exactly4lep.root

= _|anatysas:|

& kfac
& fiteff

§% TragerMatch_DILEPTON
& ScaleFactor MLTRIGGER
& ScaleFactor_PILEUP

& ScaleFactor_FTAG

& mcWeight

“ channeiNumber

& eventNumber

2% runNumber

My analysis ntuple

File
2.83

KK A K K K K A AR K A R K A R R AR R A AR R R AR R A AR R AR AR AR A AR A AR AR AR A A A A AR AK AR A AR A A KA AR A AR A AR AEAKAKEAARAKRKEARARARARARAR AR, K

53082905 bytes

&s.mw of_weights
%syn of_weights_squared
& Xsec

Size

IA

.root file I

l Holds

TTree I

l Holds

Branches I

l Holds

rVaIues (each event) 1

18762530

x

x

x

“,)
=)
EXPERIMENT


https://indico.cern.ch/event/1564767/timetable/#day-2025-11-24

Looking at the output: Bookkeeping histograms %

e The histograms contain information about the processed files, number of
events included, run time etc.

Attaching file submitDir/hist-output.root as _fileoO...
(TFile *x) Ox10e25ado
_filed->1s()

submitDir/hist-output.root
submitDir/hist-output.root
EventLoop_OutputStream_ANALYSIS;1 Doubly linked list
EventLoop_FileExecuted;1l executed files
EventlLoop JobStats:1 EventLoop job statistics
CutBookkeeper_600686_284500_NOSYS;1 ] CutBookkeeper Information
EventLoop_RunT\ime;1 worker run-time summary
EventLoop_EventCount;1l number of events per algorithm

We will look at this histogram. It contains the original number of events [Ldtonkw
before any selection have been applied. Important for scaling the MC Wo =
to the integrated luminosity of the data set (“sum of weights”)




Looking at the output: Bookkeeping histograms

e The CutBookkeeper histogram

Entries

104

10°

102

CutBookkeeper Information

[T

Number of
events

.

Sum of weights

for all events

|

CutBookkeeper_600686_284500_NOSYS

Entries
Mean
Std Dev

3
0
0

Sum of squared

weights for all ever

/

nts

(

/

l Initial events l

(
llnitial sum of weights

]

(
Llnitial sum of weights squared

]
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Creating an Education and Outreach Open Data NTuple YATLAS

EXPERIMENT

e [0 create an NTuple on the same format as the officially released

Education and Outreach Open Data NTuple we need to
o Add the information on the number of events/sum of weights to the ntuples
o Define a “skim”,
m  Apply some specific selection or apply no selection (aka. noskim)
e There’s a script for this in
o /source/Physlite loOpenData/scripts/skimOpenDatalNtuples.py

e First, get the latest version of the script

cd source/PhyslLiteToOpenData/

git checkout origin/updateSkimScript -- scripts/skimOpenDataNtuples.py
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http://skimopendatantuples.py

e |t can take as input

The username, tag etc.
used for generating NTuples
on the The Worldwide LHC
Computing Grid (WLCG)
Local folder for local runs
(as we just did)

a.

Options:

-h,
=0

--help
DIRECTORY,

show this help message and exit
--directory=DIRECTORY
Directory where files are downloaded/produced. If
option -g is 0 this option should point to the
directory of the submitDir directories from local
running.
Tag used in grid processing. If option -g is 0 the tag
is used to identify the submitDir directory with the
given tag. If left empty it will process all submiDir
directories in the directory folder (specified by -d)
-—-prioritytag=PRIORITYTAG
Comma seperated list of priority tags. If data set is
found with any of these tags use those in stead of the
ones with nominal tag specified through -t (--tag)
option. Tags are prioritized in the order they are
specified (first tag most important)
--uname=UNAME
Username of grid jobs (i.e.
--outdir=0UTDIR
Directory to store output ntuples
Number of cpus to use in merging.
single threaded)
--specfile=SPECFILE
If specification file already exists
If want to makes skimmed samples (look in the
applySkim() function for all supported skims)
Specify data or mc if only want to run one of them.
Default is all (i.e. both)
Creates CSV files as output. Default is not to create
CSV. Be aware that this may cause memory issues if not
a very aggressive skimmming is applied (e.g. 4
leptons)
If files comes from grid jobs.
output is from local running

TAG, --tag=TAG

PRIORITYTAG,

UNAME ,
your CERN username)
OUTDIR,
NCPU,

--ncpu=NCPU Default: 0 (i.e.

SPECFILE;
SKIM, --skim=SKIM
PROC, --proc=PROC
CSY,; ——CSV=C5Y

GRID, --grid=GRID If False assuming




Creating an Education and Outreach Open Data NTuple JATI AS

EXPERIMENT

e [ry to make an unskimmed ntuple
o from the run directory:

python -i ../source/PhysliteToOpenData/scripts/skimOpenDataNtuples.py -g © -d ./ -o ./EOOD

If filename doesn’t include DSID From bookkeeping histogram

Will try to get the DID from the ROOT file data-ANALYSIS
DID is 600686
Adding file 1/1 for PhPy8EG_NNPDF3_AZNLO_ggZH125_Htautau_Zinc
INFO Added 1 files for |PhPy8EG_NNPDF3_AZNLO_ggZH125_Htautau_Zinc|with 40000.000000 events and sow 2297.399902
noskim

No filters applied!
Created file ../../run/EOOD/MC/mc_600686.PhPy8EG_NNPDF3_AZNLO_ggZH125_Htautau_Zinc.noskim.root

From metadata Outputfile



Creating an Education and Outreach Open Data NTuple

e Skimming

©)

©)

python -i ../source/PhysliteToOpenData/scripts/skimOpenDataNtuples.py -g & -s 1LMET30

Very easy to create new
selections

Defined using ROOT’s
RDataFrame (see slides for
an introduction)

Can use any of the variables
in the ntuples to add new
selection

You can add as many
selection as you like

Name of the skim

if
df_flat
elif
df_flat
elif
df_flat
elif
df_flat
elif
df_flat
elif
df_flat
elif
df. fLat
elif
df_flat
elif
df_flat
df ‘flat
df_flat
elif
df_flat
df_flat
df_flat
elif
df_flat
df_flat
elaf
df_flat
else:

"exactlydlep"

"4lep"
"3lep":
"2to4lep"
"exact
"2bjets70"
"2muons"

"GamGam"

"n_lep

"n_lep >
"n_lep >

"n_lep >
o F)”

"n_lep

"n_bjet70 >
"n_muo >

"n_pho >

"3J1LMET30"

"1LMET30"

"qcdjet"

"n_lep

"n_
"met >

"Exactly 4 leptons"

,"At least 4 leptons"

"At least 3 leptons"

3

2 && n_lep <= 4" "2, 3 or 4 leptons"

,"Exactly 3 leptons"

lVI HAt
3” HAt
"OUMET >

2" WAL
2" WAL

> 30", "MET >

"n_lep
"met >

"trigd

1Y AL L
30", "MET >

|| trigMa"

print ("WARNING \t No filters applied!"
"1.0"™, "nofilter"

df_flat

2" ,"At least two b-jets

"At least

at 70% WP"

"At least two muons"

two photons"

east one lepton"

t three jets"
GeV"
t two leptons"
st two jets
) Ge\/ll

t 1 loose leptons"

)NCTATAL

"p jet or multijet triggers"

DATLAS

EXPERIME


https://docs.google.com/presentation/u/0/d/1-8_oxwyW09_1DO6La5UbxDh2oMK9jYCI3izFMyqhw-I/edit

Making changes to the framework : Code structure

e [et’'s ook at the content of

the software repository

o Wil mainly focus on what’s in
the

Metadata files

and
python folders
Header files

Main configuration file

Source files.

File for each object (Jet, Lepton, Photon,
Tau, Truth)

Main file for event variables and
initialization (Physlite ToOpenData.cxx)

JATLAS

EXPERIMENT



Making changes to the framework: CP algorithms YATLAS

EXPERIMENT

e The ATLAS combined performance (CP) groups

provide recommendations for use in analysis
o Recommendations for data quality, pileup reweighting, AsgAnalysisAlgorithms
calibrations and uncertainties for physics objects etc. EgammanalysisAlgorithms
o The CP groups provide tools to implement the EventSelectionAlgorithms
recommendations wrapped up in CP algorithms FTagAnalysisAlgorithms
o the CP algorithms are centrally located in the ATLAS Athena JetAnalysisAlgorithms
code base KLFitterAnalysisAlgorithms

o The algorithm blocks (to configure the tools) can be found in its MetAnalysisAlgorithms
respective directory under the python subdirectory and is called i

*AnalysisConfig.py e
e Useful links for more documentation
o ATLAS Software Documentation on CP algorithms [link] R m——
o Example of the implementation of most available algorithm TauAnalysisAlgorithms

SequenCe blOCkS [llnkl TrackingAnalysisAlgorithms

TriggerAnalysisAlgorithms

TruthParticleLevelAnalysisAlgorithms
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https://gitlab.cern.ch/atlas/athena/-/tree/main/PhysicsAnalysis/Algorithms
https://gitlab.cern.ch/atlas/athena/-/tree/main/PhysicsAnalysis/Algorithms
http://analysisconfig.py
https://atlas-software.docs.cern.ch/analysis/analysis_tutorial/AnalysisSWTutorial/cpalg_intro/
https://gitlab.cern.ch/atlas/athena/-/blob/main/PhysicsAnalysis/Algorithms/AnalysisAlgorithmsConfig/python/FullCPAlgorithmsTest.py

In PhysLiteToOpenDataAlgorithms.py

I de
configSeqg

In TriggerAnalysisAlgorithins/python/TriggerAnal

alg

rigger algo m:
itlab.cern. atl the
'Trigger'

.triggerChair

Isol!'

'Ti
'"FCTight'
'FixedCutTight'

onAlg(self, config, decisionTool):

= config.

.tool
( decisionTool.getType(), decisionTool.getName
triggers = self.triggerChainsForSelection

.selectionDecoration =
.noFilter = self.noFilter
g.nolL1l = self.noll

t in self.triggerChainsForSelection

(".", "p").replace("-",

config.addOutput)

::TrigEve

lectionAlg'

n_w)
'trigPassed_' + t,

, 'TrigEv

trigPassed_

t

noSys=True)

2_1lhloose_L12EM16VH'

_lhmedium_L1EM20VH"
lhmediu
1lhloose

iloose_L1MU15"

ediuml_tracktwo"
1hvloose_nodo'

_musnoL1
qght_node
_lhmedium_no
Thloose_nc

armedium"

sisConfig.p

In Root/Physlite ToOpenData.cxx

le ¢ trigge ai

bool nErig 12_1hloose_L12EM1QVH"
bool
bool

"trig
"trig

=HET -2
_HLT_mu1l8

true
mu8noL1"

Can access those variables in C++



https://gitlab.cern.ch/atlas/athena/-/blob/main/PhysicsAnalysis/Algorithms/TriggerAnalysisAlgorithms/python/TriggerAnalysisConfig.py

Making changes to the framework: Adding loose taus YATLAS

EXPERIMENT

e | would like to be able to select loose taus in my NTuple
o Implement the necessary changes so that a new variable tau_isLoose gets written to
the NTuples
o Need to change the PhysLiteToOpenDataAlgorithms.py, Root/Taulnfo.cxx and
PhysLite ToOpenData/PhysLite ToOpenData.h
o TauAnalysisConfig.py

o Bonus: Add also scale factors for the loose taus

Tip when working in docker

Mount a local copy of the PhysLiteToOpenDataFramework when opening the container:
-v "S(pwd)/source/PhyslLiteToOpenData":/local_files

Make changes to the local files and copy over to container repository. E.g.

cp /local_files/PhysLiteToOpenData/PhysLiteToOpenData.h /workdir/source/PhysLiteToOpenData/PhysLiteToOpenData/.

Then compile

cd /workdir/build/
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https://gitlab.cern.ch/atlas/athena/-/blob/main/PhysicsAnalysis/Algorithms/TauAnalysisAlgorithms/python/TauAnalysisConfig.py

Making changes to the framework: Adding loose taus

e Need help?

o Have alook here
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https://gitlab.cern.ch/atlas-outreach-data-tools/physlitetoopendata/-/commit/40af4371d54f04ae05b18ea7f497630025f9886d

BACKUP




Acquire an access token VAT AS

EXPERIMENT

et User settings

Eirik Gramstad
®

@egramsta Profile

8% Account
(® Set status

83 Applications Personal access tokens

[You can generate a persona ss token for each application you use that needs access to the GitLab API. You can also use personal access tokens to authenticate against Git over

@ Edit profile

& Integration accounts SO R o e T
52 Preferences HTTP. They are the only accepted password when you have Two-Factor Authentication (2FA) enabled

Access tokens
Token name

ATLAS Open Data Tutorial 2025 N ame the to ken

Lescription (optional)

¢ Sign out

Expiration date

2025-12-24 [N =]
An administrator has set the maximum expiration date to 2026-11-24. Learn more

Select scopes
Scopes set the permission levels granted to the token. Learn more
read_user

Grants read-only access to your profile through the /user API endpoint, which includes username, public email, and full name. Also grants access to read-only API endpoints under
fusers.

read_repository
Grants read-only access to repositories on private projects using Git-over-HTTP or the Repository Files API.

read_registry T' k ﬁ -I: d H t
Grants read-of access to container registry images on private projects, |C O a rea _reg's ’y
read_api
Your token Grants read access to the API, including all groups and projects, the container registry, and the package registry.
self_rotate
©®© r[j Grants mission for token to rotate itself.

Make sure you save it - you won't be able to access it again.

Copy the token




