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1 CMS Open data - Why?

Open data as a driving force to data and analysis preservation



But steady publication of LHC data has multiple benefits.w
encourages prompt archiving, before collective memory fades and
knowledge is lost. Second, other scientists can analyse the data while
the LHC is still runMng unconventional strategies and
potentially leading to unexpected discoveries, new approaches and
fruitful discussions. And third, as a by-product, these scientists can
stress test the archiving methods; any deficiencies found are easier to
fix now than later. In this way, public collider data can complement the
overall LHC research effort. We, therefore, favour a slow but steady
approach to full publication of the LHC experiments’ data; it is in the

best interest of particle physics.

66

Matthew Strassler, Jesse Thaler
Nature, August 1, 2019
note to the editor



2 CMS Open data - What?
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Open data quantity & time defined
-~ in the CMS open data policy



https://opendata.cern.ch/record/415/files/CMS-Data-Policy-1.3.pdf
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First Run-2 data Full Run-1 pp Full Run-1 First data format
release, data release, heavy-ion data, not requiring
slimmer data improved usage extended usage CMS software,,
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CERN

Current parameters

News CMs

Availability

include on-demand datasets

Type

Dataset (42,583)
Collision (342)

Clear all

Decade of CMS open data

- with a small dedicated team

13 result(s) found Sort by
CMS releases 13 TeV proton collision data from 2016

CMS completes Run-1 heavy ion open data collection

CMS completes the release of its entire Run-1 proton-proton data
First CMS open data from LHC Run 2 released

CMS releases heavy-ion data from 2010 and 2011

CERN Open Data Policy for the LHC Experiments

CMS completes 2010-2011 proton-proton data release

CMS releases open data for Machine Learning

Most recent

iNSPIRE sner

) Date of paper
Dertyed (253) Observing the Higgs with over one petabyte of new CMS Open Data
Simulated (41,988)
Documentation (54) The Future of Particle Physics is "Open"
About (4) Improving educational content with high-school teachers: A field report fi
Activities (13) %:« %1
A CMS releases new batch of research data from LHC
uthors (3) Number of authors
Guide (27) CMS releases first batch of high-level LHC open data Single author
Hal oy
. | 10 authors or less
Exclude RPP

Exclude Review of Particle Physics

Document Type
article
published ®
conference paper
thesis

note

Number of papers

88

Papers citing CMS Open Data DOlIs [Inspire]
2024-11-18
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2017

2020 2021 2022 2023 2024 2025

Date published

2018 2019

literature

T references.reference.dois:10.7483/OPENDATA.CMS*

Literature Authors Seminars Conferences

[4 citeall

88 results | Citation Summary Most Recent

New Angles on Energy Correlators

Samuel Alipour-fard (MIT, Cambridge, CTP), Ankita Budhraja (NIKHEF, Amsterdam), Jesse Thaler (MIT, Cambridge, CTP), Wouter J.
Waalewijn (NIKHEF, Amsterdam and Amsterdam U.) (Oct 21, 2024)

e-Print: 2410.16368 [hep-ph]

pdf  [4 cite [ referencesearch ) 0 citations
Angular distribution study for high mass dimuon pairs in CMS open 2012 data and for Mono-Z'
model

S. Elgammal (British U. in Egypt) (Oct 8, 2024)

e-Print: 2410.05755 [hep-ex]

pdf  [4 cite [ referencesearch ) 0 citations
Measurement of the background in the CMS muon detector in pp-collisions at /s = 13 TeV
CMS Muon Collaboration « M. Tytgat (Vrije U, Brussels and Gent U) et al. (Sep 27, 2024)

Published in: EurPhys.).C 84 (2024) 9, 955

pdf @ Dol [ cite [ reference search ) 0 citations

v-point energy correletors with FastEEC: small-z physics from LHC jets

U) (Sep 18, 2024)
B

erence search %) 1citation

CMS open data in use



https://opendata.cern.ch/search?q=&f=experiment%3ACMS&f=type%3ANews&l=list&order=desc&p=1&s=10&sort=mostrecent
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=references.reference.dois%3A10.7483%2FOPENDATA.CMS%2A

Tools:

CMS open data:

software
full research-level data environments
- not an “open-data” reduction I

Open Data

\\

Data: Knowledge:

instructions
actionable examples
understanding of experimental data

collision data
simulations
additional data for analysis
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CMS Open data - How?

10



Release procedure

CMS input:
dataset lists,
year+run info,
trigger info.
Transfer.

Data-curation

scripts accessing

CMS env:
SW container
images,
condition data,
VM image

CMS services

SW examples:
to test env,
to show usage

Open data
portal records

1


http://opendata.cern.ch/search?page=1&size=20&q=&experiment=CMS
http://opendata.cern.ch/search?page=1&size=20&q=&experiment=CMS
https://github.com/cernopendata/data-curation

~

open
CERN

Ten years of CERN Open Data portal! Helpw Abouts

SingleMuon primary dataset in NANOAOD format from RunH of 2016
(/SingleMuon/Run2016H-UL2016_MiniAODv2_NanoAODv9-v1/NANOAOD)

/SingleMuon/Run2016H-UL2016_MiniAODv2_NanoAODvI-vi/NANOAOD, CMS Collaboration

Cite as: CMS Collaboration (2024). SingleMuon primary dataset in NANOAOD format from RunH of 2016 (/SingleMuon/Run2016H-UL2016_MiniAODv2_NanoAODv9-
V1/NANOAOD). CERN Open Data Portal. DOI:10.7483/OPENDATA. CMS 4BUS 64MV

(oo Lo Lo T T o J comore]

Description

SingleMuon primary dataset in NANOAOD format from RunH of 2016. Run period from run number 281613 to 284044

The list of validated runs, which must be applied to all analyses, either with the full validation or for an analysis requiring only muons, can be found in
Validated runs, full validation

Validated runs, muons only

Related datasets

The corresponding MINIAOD dataset
/SingleMuon/Run2016H-UL2016_MiniAODv2-v2/MINIAOD

Dataset characteristics

174035164 events. 82 files. 130.4 GiB in total

System details

12


https://opendata.cern.ch/record/30563

Metadata for complex
research data

Provenance
metadata
FROM
WHERE?

Content
metadata
WHAT?

Contextual
metadata
HOW TO

USE?

13



Contextual
metadata:
HOW TO
USE?

Dataset characteristics

174035164 events. 82 files. 130.4 GiB in total
System details

NANOAOD datasets are in the ROOT tree format and their analysis does not require the use of CMSSW or CMS open data environments. They can be analysed with
common ROOT and Python tools.

Recommended container image for analyses is available in the following locations (see guide)

Dataset semantics

Variable list

How were these data selected?

Events stored in this primary dataset were selected because of the presence of at least one energetic muon, or at least one muon and o272 or more jets, tau or high
missing transverse momentum

Data taking / HLT
The collision data were assigned to different RAW datasets using the following HLT configuration.

Data processing
This NANOAOD dataset was processed from the RAW dataset by the following steps:

Step NANO

Release: CMSSW_10_6_26

Global tag: 106X_dataRun2_v35

Configuration file for NANO step ReReco-Run2016H-SingleMuon-UL2016_MiniAODv2_NanoAODv9

Content
metadata:
WHAT?

Provenance
metadata:
FROM
WHERE?

@

14



Step RECO |w
Release: CMSSW_10_6_8_patch1
. Global tag: 106X_dataRun2_v27 f
ConteXt' Configuration file for RECO step recoskim_Run2016H_SingleMuon
trigger path Output dataset: /SingleMuon/Run2016H-21Feb2020_UL2016-v1/AOD
HLT trigger paths SingleMuon primary dataset in NANOAOD format from RunH of 2016
Th ible HLT t ths in this dataset are: H ini
e LR O e (/SingleMuon/Run2016H-UL2016_MiniAODv2_NanoAODv9-v1/NANOAO
HLT_DoublelsoMu17_eta2p1_noDzCut - -
HLT_DoublelsoMu17_eta2p1 /SingleMuon/Run2016H-UL2016_MiniAODv2_NanoAODv9-v1/NANOAOD, CMS Collaboration
HLT_IsoMu16_eta2p1_MET30_LooselsoPFTau50_Trk30_eta2p1
HLT_IsoMu16_eta2p1_MET30 Cite as: CMS Collaboration (2024). SingleMuon primary dataset in NANOAOD format from RunH of > (/SingleMuon/n MEH-UL20
HLT_IsoMu17_eta2p1_LooselsoPFTau20_SingleL1 Vv1/NANOAOD). CERN Open Data Portal. DOI:10.7483/OPENDATA.CMS 4BUS .64MV
HLT_IsoMu17_eta2p1_LooselsoPFTau20 Context'
HLT_IsoMu18 @ m c,s @ @ R
HLT_IsoMu19_eta2p1_LooselsoPFTau20_SingleL1 ﬂ validated
HLT_IsoMu19_eta2p1_LooselsoPFTau20 data
HLT_IsoMu19_eta2p1_MediumisoPFTau32_Trk1_eta2p1_Reg DESCI'i tion )
HLT_IsoMu20 p selection
HLT_IsoMu21_eta2p1_LooselsoPFTau20_SingleL1 SingleM _ ¥ in NANOAOD f § RunH 0£20716. R od fi b 21613 t0 284044
HLT_IsoMu21_eta2p1_LooselsoPFTau50_Trk30_eta2p1_SingleL1 ingleMuon primary dataset in format from RunH ofZ516. Run period from run numbe to )
HEISIsoMu21 “otazpltMediumisoRilaus i TrididiasptiReg The list of validated runs, which must be applied t==Gu analyses, either with the full validation or for an an., _ wnly muons, can
HLT_IsoMu22_eta2p1
HLT_lsoMu22 Validated runs, full validation
HLT_IsoMu24_eta2p1
HLT_IsoMu24 Validated runs, muons only
HLT_IsoMu27
HLT_IsoTkMu18
HLT_IsoTkMu20 ( \
HLT_IsoTkMu22_eta2p1
HLT_IsoTkMu22 How can you use these data?
HLT_IsoTkMu24_eta2p1
HLT_IsoTkMu24 You can access these data through XRootD protocol or direct download, and they can be analysed with common ROOT and Python tools. See the instructions for gettin}
LT lonTuh4uD started in
Using Docker containers
Getting started with CMS NanoAOD
)
File Indexes
Context:
usage Filename Size
instructions
CMS_Run2016H_SingleMuon_NANOAOD_UL2016_MiniAODv2_NanoAODv9-v1_120000_file_index.json 14.0 MiB IS 3 Download index
CMS_Run2016H_SingleMuon_NANOAOD_UL2016_MiniAODv2_NanoAODv9-v1_1210000_file_index json 45.1 MiB FINE S 3 Download index 15




52 Contextual metadata - should cover a lot!

Luminosity, data quality Object identification, fakes

Corrections, scales Efficiencies

Background estimates Online/offline selections

How to run

16



5>  How to put this together?

Cet the environment Select validated data Apply corrections, scale factors Compute luminosity

Cet the software Make your selections Estimate efficiencies

17



Providing contextual metadata
in a useful way

Best through example workflows
automated, machine and human-readable

Not easy to define (even with >1300 papers...)

partly because
analysis processes are complex
CMS data format supports a wide range of use cases

but also because we, as a community, have undervalued:
documentation
common tools
analysis code reuse.

18



- (% Datato results - simplified, ideal

RAW DATA/ MC

o
AT
o N

Analysis code -> Results

Group/analysis specific skim

Central processing

Central processing

Central processing

19



s>  Data to results - in practise

A" (A
a Group or . .
ifi
;a(:afﬂl:c. ecific data III I é I r- -
.'

gl

Moy sishjeuy

Publications

U p®p

El @

f)

8%

C

|§m common data format | i

LCommon data format - detailed enough for almost all analyses

]

asemyos oyads-dnoib

Jo jenpiapul | [ S'sAleue [euly e

yum sdays Buissesoly

| Big common data format - all information

L

This is the area from which the “contextual
metadata” needs to be collected
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4

Support to external analysts

Open data portal information
CMS Open data guide

CERN open data forum

CMS open data workshops

21


http://opendata.cern.ch/search?page=1&size=20&q=&subtype=Guide&type=Documentation&experiment=CMS&sort=title
https://cms-opendata-guide.web.cern.ch/
https://opendata-forum.cern.ch/
https://cms-opendata-guide.web.cern.ch/cmsOpenData/workshops/

CMS Open Data Workshop for Theorists
Fermilab LHC Physics Center (LPC)
Online (link) |

Sep 30 - Oct2, 20201

60 5001 CMS Open Data Wgrkshop 2021

| CERN (Virtual)
Online
RS CMS Open Dgta Workshop 2022
 Za0pmosavpmes] CERN .
l 1 : / Aug 1-4, 2022 \
2:30 pm-6:30 p

EMS OpgD/Data Workshop 2023

1 | / Fermilab
July 11-14, 2023 \
. 8:00 am - 12:00

| . | ems Open-Data Workshop 2024
\ | / CER |deascﬁare.

' Instructors: Matt Bellis, Julie Hogan, Kati
] 08 00 - 18:00 CEST / Lassila-Perini, Tom McCauley, Sezen
Sekmen

Helpers: Xavier Tintin, Daniela Merizalde,
\ David Mena

22


https://cms-opendata-workshop.github.io/2020-09-30-cms-open-data-workshop-for-theorists/
https://cms-opendata-workshop.github.io/2021-07-19-cms-open-data-workshop/
https://cms-opendata-workshop.github.io/2022-08-01-cms-open-data-workshop/
https://cms-opendata-workshop.github.io/2023-07-11-cms-open-data-workshop/
https://cms-opendata-workshop.github.io/2024-07-29-CERN/

open

CERN

Ten years of CERN

Help~  About~

CMS Guide to research use of CMS Open Data
[ oo |

If you are interested in step-by-step instructions to start working with CMS Open Data, please consult these pages

« Install Virtual Machine or Use a container

» Getting started with CMS AOD Data, for data collected during Run 1 of the LHC.

« Getting started with CMS MiniAOD Data or NanoAOD Data, for data collected during Run 2 of the LHC.
+ Getting started with CMS Heavy lon Data.

This page offers hints, tips and guidance for conducting a research-oriented analysis using CMS Open Data. More d
Data Guide.

Quick introduction

| want to get a general introduction into HEP and CMS software and terminology, with a simplified event forn
+ Read the instructions related to our educational content and follow the corresponding exercises.

| want to learn about the terms under which | can access and use the CMS Open Data, and publish results ot

+ Go to the "Data preservation and open access policy” (if you are a CMS member, also see the internal docume
individual members of CMS").

| want to get inspiration for some potential physics topics.

« See what others are doing with CMS Open Datal Papers citing DOI 10.7483/OPENDATA CMS show a broad s
analyses, data science, and research tool development.

variables and

I want to learn about the nature of the CMS physics objects and the

» Check out the "CMS Open Data Guide" as well as the pages describing CMS Physics Objects for 2011-2012 d

CMS Open Data Guide

CMS Open Data Guide
Home
CMS Open Data v
CERN Open Data Portal
CMS Open Data
Finding Data
Workshops
Computing Tools >
CMSsSW v
Overview
Data Model
Analyzers
Configuration

Conditions Data

Analysis v
Data and Simulation >
Selection >
Luminosity
Background Modelling
Systematics >

Statistical Interpretation
FAQ

CMS Open Data Guide

A Warning

This guide is under construction

cms-opendata-guide
9 Y16

Table of contents
How to use this site
The site's philosophy
How to get help

How to contribute or contact us

Welcome to the guide for CMS open data. This guide is brought to you by the CMS open data group,

on a best-effort basis. All software and instructions are provided "as is", without warranty of any

kind. This is ongoing work and we appreciate your feedback and/or your help building this guide.

How to use this site

The lefthand tabs will help you navigate the site. If y
further subsections. The sections will guide you thri
familiar with to conduct an analysis using CMS Ope
needed to deal with CMS open data and about CM$

also learn how to conduct a particle physics analysit

The site's philosophy

This site is thought as a navigation aid. The CMS Co

23

open i

Ask any question about CMS Open Data

subcategories » | Latest  Hot

Topic

Error response from daemon: pull access denied for 381305241687, repository

does not exist or may require ‘docker login’
W Containers

X11 forwarding with docker
 Conainers L

Running CMS OpenData containers in WSL2
m Containers

Cross sections and luminosities
W Luminosity

Replies

Views v

23.0k

15.3k

Activity

Aug 2021

Sep

Jun 2021

Mar 2021



https://opendata.cern.ch/docs/cms-guide-for-research
https://cms-opendata-guide.web.cern.ch/
https://opendata-forum.cern.ch/
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Facilitating factors
Challenges

Based on 10 years of experience in open data provisioning in CMS

24



(v)  What has helped

early approval of the CMS open data policy
dedicated group with a mandate defined in the policy

resources from the host laboratory (open data storage, open data portal)

somewhat well-defined reprocessing campaigns of legacy data and MC
existence of the full data provenance information in the experiment-specific services
work towards smaller data formats

open-source reconstruction and analysis software
provision of software containers with experiment-specific SW

regular workshops for external users

increased appreciation of the efforts

25



What makes it difficult

open or preserved data are not yet flagged as such in many data management tools
full data provenance is not readily available in the dataset metadata, it needs to be extracted
from various experiment-specific services

proliferation of analysis frameworks has made it challenging to provide usage instructions
scale factors and corrections have been provided through various means (group-specific

twiki pages, repositories) making it difficult to provide usage instructions

analysis information, e.g. input datasets, code, is not recorded in a machine-readable way
making it difficult to make it FAIR

improvements in the data lifecycle chain are difficult to push through, in particular, if the
impact is only at the data preservation phase

many improvements are individual initiatives and continuity is often lost when people move
lack of understanding of the effort needed for data releases

26



Positive experience,
model for the CERN open data policy

Continuous interest,
steady publication rate,
stress-testing long-term usability

Pioneering work for archiving and serving
data through the CERN Open data portal

27



5 Thank you!

Questions ?

And thanks to SlidesCarnival for this free presentation template


http://www.slidescarnival.com/

