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High Energy Physics data levels

A selection of the

experiments Qﬁ"»\l’
adopting ROOT ' _....- ,‘}\

ROOT Tutorial
D. Krucker et al.
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https://indico.desy.de/event/18343/attachments/19862/25175/rootintro_1_17.pdf

LHC data preservation and open access policies

ALICE data preservation strategy
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CERN Open Data Portal

Repository of data for the general public

» Launched in November 2014
» Using Invenio Framework

Plenty of content

3 ? 3
e Dataset

e Collision, simulated and derived
« Documentation

» Glossary, tutorials, configuration, examples

 Software
«  Frameworks, virtual machines, containers

Current size (Mar 2024)
> 24.000 records

« >1.900.000 files

- >45PB

Explore more than three petabytes
of open data from particle physics!

..............

uuuuu

http://opendata.cern

\\\\

v Get

started v

Developed by CERN in collaboration with Experiments

AT LAS “—

ALICE

M % PH ENIX

N

CE?W
\
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http://opendata.cern/

CERN Open Data
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Spy WebGL n_14B436/Evont 90755600 [9 of 25

90
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Detoctor

periment at the LHC, CERN

Pixe Barrel

- e Independent research...

Tracker inner Barrel

as: Jomhari, Nur Zulaiha: Gelser, Achim; Bin Anuar i (2017). Higgs-to-four-le ysis ex, ata Tracker Outer Barrel literature Submit

Tracker inner Detector

Literature Authors Seminars Conferences

L somme L s § s J acooeene comniin |

Jnor Detector
Description . ;. . . .
Exposing the QCD Splitting Function with CMS Open Data Citations per year

Andrew Larkoski (Reed Coll.), Simone Marzani (SUNY, Buffalo), Jesse Thaler (MIT,
Cambridge, CTP), Aashish Tripathee (MIT, Cambridge, CTP), Wei Xue (MIT, Cambridge, CTP)

ol vates o ’ Apr 17,2017
mple cor : 3 ] oss0s users who feel they ha ’ 7 pages :
Kleratienie okt st 0 b e e ofthel o . buk® ble) v b - Published in: Phys.Rev.Lett. 119 (2017) 13, 132003 °
< Dua CMS Open Data % Published: Sep 26, 2017 4
Bz g, e-Print: 1704.05066 [hep-ph]
Brz =150V DOI: 10.1103/PhysRevLett.119.132003 :
m,#126 Gev = m Sean Report number: MIT-CTP-4891 0
0 4 I , View in: ADS Abstract Service 2017 2018 202 2023

B pat = cite @ reference search 2) 63 citations

mmm Eﬂnm n Abstract: (APS)

The splitting function is a universal property of guantum chromodynamics (QCD) which describes how energy is shared between partons.
e i i i i i i
_ Despite its ubiquitous appearance in many QCD calculations, the splitting function cannot be measured directly, since it always appears

multiplied by a collinear singularity factor. Recently, however, a new jet substructure observable was introduced which asymptotes to the
splitting function for sufficiently high jet energies. This provides a way to expose the splitting function through jet substructure measurements
at the Large Hadron Collider. In this Letter, we use public data released by the CMS experiment to study the two-prong substructure of jets

R u n reS e arC h g rad e and test the 1->2 solitting function af QCD.To our knowledge this is the first ever physics analysis based on the CMS Ooen Data,

analysis examples i, VU N |y W | . .
y P e R I S ... that the CMS collaboration cites

Interactive event display and histograms

O Pablo Saiz | CERN Open Data 12.03.2024 6



Technologies

INVENIO

<y OpenSearch

4
&S XRootD 0
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FAIR guiding principles

https://www.nature.com/articles/sdata201618

Open access \ Published: 15 March 2016

. The FAIR Guiding Principles for scientific data
 Findable management and stewardship

. Mark D. Wilkinson, Michel Dumontier, |Jsbrand Jan Aalbersberg, Gabrielle Appleton, Myles Axton, Arie
e / \ Cces I b I e Baak, Niklas Blomberg, Jan-Willem Boiten, Luiz Bonino da Silva Santos, Philip E. Bourne, Jildau

Bouwman, Anthony J. Brookes, Tim Clark, Mercé Crosas, Ingrid Dillo, Olivier Dumon, Scott Edmunds,

Chris T. Evelo, Richard Finkers, Alejandra Gonzalez-Beltran, Alasdair J.G. Gray, Paul Groth, Carole Goble,
* Interoperable

Jeffrey S. Grethe, ... Barend Mons ™ + Show authors

Scientific Data 3, Article number: 160018 (2016) | Cite this article
- R bl -
eusabnie

653k Accesses | 6374 Citations | 2138 Altmetric | Metrics

© An Addendum to this article was published on 19 March 2019

” Abstract

\' There is an urgent need to improve the infrastructure supporting the reuse of scholarly data.

D I g Ita | re DOS Itorl eS fo r FA | R d ata m a n a q e m e nt scholarly publishers—have come together to design and jointly endorse a concise and
La rS H O | m N |e | Se n measureable set of principles that we refer to as the FAIR Data Principles. The intent is that

these may act as a guideline for those wishing to enhance the reusability of their data

A diverse set of stakeholders—representing academia, industry, funding agencies, and

holdings. Distinct from peer initiatives that focus on the human scholar, the FAIR Principles
put specific emphasis on enhancing the ability of machines to automatically find and use the
data, in addition to supporting its reuse by individuals. This Comment is the first formal
publication of the FAIR Principles, and includes the rationale behind them, and some exemplar

Celebrating our 10th Anniversary implementations in the community.
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https://indico.cern.ch/event/1332413/contributions/5818151/

Curating content

Ll

.ll
1. Stage dat -
. Stage data
J [~ \
2. Move data é -
/eospublic -
3. Gather = g .
metadata —
4. Deploy QA -0

¥
*

5. Wait for

laboration & Deploy PROD
Register DOls
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obendata
o Pl Toaw H N
CERN

PAMuon primary dataset in RECO format from the 5.02 TeV proton-Pb run of 2013 (/PAMuon/HIRun2013-285ep2013-
v1/RECO)

{PAMuonHIRuN3013-285p2013+}/RECD, CMS collaboration

s; CMS collaboralion (2023). PAMon primary datasel in RECO form ¢ 5.02 ToV' prolan P run of 2013 (PAMUOAHIALNZ013-28S6p2013-v/RECOD), CEAN Open Data Portal,

Description

Pihuon primary dataset in HECE formal from the .02 TeV proton-Ph run of 2013, Reprocassing for run numbers from 210408 o 210658,

For run numbers greates han or equal 1o 210676, 8 relaled PromplAece-v! datasel inkid béiaw,

During the 2013 prolon-Pb daa taking, the beam direction was reversad between runs

et 0 all analyses, either

Related datasets

The corresponding PrompiAaco-v1 dalaset

Dataset characteristics

Dataset cha

15445601 cvens. 1638 flos 5.0 TIB r oial

CERN Open Data dataset access

File Indexes
Filename
CMS_HIRun2013_PAMuon_RECO_285ep2013-v1_10000_file_index.tet
CMS_HIRun2013_PAMuon_RECO_28Sep2013-v1_20000_file_index.txt

CMS_HIRun2013_PAMuon_RECO 28Sep2013-v1_20001 file index.txt

List of files

Filename

0002F563-8A28-E311-BEC3-782BCB36F205 root

Please note that the file you are going to download (009F5CD5-7D2B-E311-BA17-D4AES28FF49B root) is 2.1 GIB big. On an average ADSL
connection, it may take several hours to download it.

Mareover, if you use one of the provided Virlual Machines to perform your analyses, then you don't need to download datasets manually, because
the VM will fetch all the necessary file chunks via the XRootD protocol

Manual download of files via HTTP is only necessary if you would prefer not to use the XRootD protocol for one reason or another.

Cancel m

15445691 events. 1636 files. 5.0 TiB in total.

Size

96.5KiB = Listhles

115.7KiB = Listhles D)

root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://esspublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2013/PAMuon/RECO/285ep2013-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10
root://eospublic.cern.ch//eos/opendata/cms/hidata/HIRun2813/PAMuon/RECO/285ep2813-v1/10

e

Pablo Saiz | CERN Open Data

12.03.2024 10



Optimize storage cost

Given:

« Amount of data: 4.5 PB, and increasing

« Long term data preservation

» Accepted latency

« Multiple copies of data (beware: data ownsership)

Are there any more efficient ways of long term archival?

Possibilities:
« Computing instead of storage (LHCb Ntupling service)
« Cold Storage. Move part of the data to cheaper storage (Tape, experiment framework)

C\E/RW Pablo Saiz | CERN Open Data

12.03.2024
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https://arxiv.org/pdf/2302.14235.pdf

Cold Storage integration

opendata
CERN

PAMuon primary dataset in RECO format from the 5.02 TeV proton-Pb run of 2013 (/PAMuon/HIRun2013-285ep2013-
v1/RECO)

{PAMuonHIRuN3013-285p2013+}/RECD, CMS collaboration

Cito as; CMS collaborabion (2023). PAMJoN primary ditase! in RECO formal fram the .02 TaV! prolan P run of 2013 (PAMUoAHIRLNZ013-285ep2013-v/RECO), CEAN Open Cata Portal,
0Ok 10.74 M W HPEZ

Related datasets

Dataset characteristics

15445691 events. 1636 files. 5.0 TiB in total.

20 files available. Request to access the rest

Work in progress:
Still in the design phase

C

CERN
Tape Archive

Experiment
Data
Framework

Pablo Saiz | CERN Open Data
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Cold storage challenges

1. Monitoring
1. Identify candidates for cold storage i?'
2. Keep track of cold storage requests

2. Transfer files P
A. CERN Tape Archive: FTS )
B. Experiment frameworks: Dedicated plugins per experiment

3. Data sovereignty

1. Experiment still responsible for data (!)

"
%,

4. Multiple copies of datasets 9:

(C\E/RWE\ Pablo Saiz | CERN Open Data 12.03.2024
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Monitoring

Framework provided by CERN MONIT
Part of the data sent by Storage group
Last 30 days available

Requests (rdm)
é ® ui
v 80,000 @ legacy
@ static
| | 60,000 ® api
|I g @ files
& 40,000
o
= . 20,000
Listof app (table) List of protecol (table) Totals
data.sec.app: Descending ~ Count v | Total data read ~ data.sec.prot: Descending ~ Count v Total data read ~ 0 2024-02-18 00:00 2024-03-03 00:00
http 15,176 1,006.5GB krbs 431,626 18TB m.h‘.t..tlm'mmp per 12 hours
python3.8 118,993 914568 https 78,774 118 prod: data._environment: Descending
Python 52829 448.6GB gsi 14,427 53GB ! 9 I B
rootexe 70965 165.3GB unix 9,852 3.8GB . m.p’“.. tim (mm)
emskun 46988 108768 Total data read
i 368 ® ui
70.4GB 4 ® legacy
534,674 2.9TB . .pl
3 @ static

= Pie chart fo app/protocel

9
L
$%953
Response time (s)

= | S3MET et

2024-02-18 00:00 2024-03-03 00:00
metadata.timestamp per 12 hours
prod: data._environment: Descending

Pablo Saiz | CERN Open Data 12.03.2024 14



CERN Open Data Portal

Bringing experiment data to the general public
Policies with embargo period

_ o ALICE
Following FAIR guidelines

Curated data: datasets, documentation, software...

Evaluating cold storage integration

opendata-team@cern.ch

CMS,/
Digital repository with 4.5 PB of data A

AN

i

——

PH ENIX

http://opendata.cern

C@
\
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opendata@cern.ch
http://opendata.cern/




