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INVENLO) - \WWhat is Invenio?

m digital library and document repository software

— mature platform: first public release in 2002
— rich data: articles, books, notes, photos, videos, software, data

m some Invenio-based services at CERN:
CERN Document server | N § P | R F

m co-developed by an international collaboration
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INVENIO)  “Data behind plots”

Welcome to INSPIRE, the High Energy Physics information system. Please direct questions,
comments or concerns to feedback@inspirehep.net.

INsTITUTIONS (CONFERENCES

et

Search for new phenomena in final states with large jet multiplicities and missing transverse
N momentum at /5 = 8_TeV proton-proton collisions using the ATLAS experiment - ATLAS

_TeV proton-proton collisions using the ATLAS experiment
! Collaboration (Aad, Georges et al.) JHEP 1310 (2013) 130 arXiv:1308.1841 [hep-ex] CERN-PH-
EP-2013-110

IDaTASETS:
ption: MET/sqr(HT) distributions for the multi-jet + flavour stream with PTmin=50 GeV, and exactly
eight jets, with the signal region selection, other than that on MET/sqr(HT) itself. A selection of zero b-jets is
applied.

Go to the record
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INVENIO) - “Code you can cite”

m automated GitHub «» Zenodo bridge
m push new release to GitHub — automatic archival on Zenodo
m software preserved, minted with a DOI, made citable

]
Wi oo gl I RE R

© 0702526 Dzip Ditargz

" Releases

https://guides.github.com/activities/citable-code
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INVENIO) - Code <« Data <+ Paper

m link data (DATAVERSE) to code (ZENODO) to papers (INSPIRE)
m example: hep-ex/0011057, arXiv:1401.0080
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INVENIO)

Data Analysis
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nvenlo)  GERN LHC Experiments
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INven) | arge Scale Solutions

Primary site: 100k cores (10k nodes), 100k disks (50 PB), 21k NIC
Grid: 13 Tier-1 sites, 155 Tier-2 sites, 10 Gbps optical fibre
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INVENIO)  Preserve an Analysis?

calibration

SWRELEASE
HEP Data Analysis filtering

PAPER )
/ \ PAT TUPLES
CONF REPORT
- PLOTS N TUPLES

INTERNAL NOTE (t\m NOTE I | DOCUMENTATION |
review review DPI.E
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INVE Big Data?

data scale knowledge

raw ~GB / sec calibration, conditioning
reconstructed ~PB/year filtering, selection

reduced ~TB/analysis user code, physics objects
publication ~GB / analysis correlation, data behind plots

it ftring [ ouput_}— -

Analysis Train

@tiborsimko - @inveniosoftware 11/26



INVENIO)  Knowledge Capture

Final selection step

0s SLCEx v

Analysis software

nter URL t

User code Pl

Example of supported repositories
git@github .com:johndoe/myrepo.git
swn@svnweb cern ch/cern/wsvn/myrepo

Harvest? [ yes, harvest user code

[ no, create link only
Input Data Files @ taken from output of pre-selection step
() taken from output of custom analysis step

enter path to data files used + Add another file

Qutput Data Files Plea:
Example of supported protocols
xroot://castorpublic.cern.chiicastor/cern.ch/userfjfjohndoe/mydir/myfile root
root://ecspublic.cern.chifeosi/lhcb/.. /myfile root
file /itmp/myfile root
http:/fjohn.doe .example.org/myfile.root

Harvest? ) yes, harvestfiles [ no, create link only
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INVENIO) - System Architecture

GItHUb anaIyS|s preservatlon cern. ch INSPIRE

file storage abstractlon layer II'

NS

| AFS || Box ‘\ Ceph ||CASTOR]| Drive || EOS || s3 |
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INVEND) - Knowledge Representation

m record format: extended MARC21
— “technical” metadata: beyond bytes

€.g. 256 ‘“‘computer file characteristics”
$a characteristics $e events $t text
$b bytes $f files

— “knowledge” metadata: semantics

€.0. 505 “formatted contents note’ CSV column information
$t title $g miscellaneous

m internal format: JSON

\
<— schema model
/
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INVENIO)

Open Data
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INVENIO)  OQpening Up

Data policies:

m restricted — embargo period — open

“I...] Data with high abstraction, such as AOD, will be conditionally made publicly
available after an embargo period of 5 years after publication for 10% of the data
and 10 years for 100% of the data [...]” —ALICE Data Policy

Challenges:
m audience:

— data miners

— citizen scientists

— high-school students
— general public

m computing:
— exploring in the browser
— specialised VMs
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invenio) - GERN Open Data Portal

opendata ABOUT SEARCH EDUCATION RESEARCH

Education Research

Get the genuine working
environments, virtual machines
and datasets to start your research

Start analysing

Visualise events, check
reconstructed data, run tools or
build your own!

Start learning

@ ® 52 K

© 2014 CERN Open Data Ter
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INVE

Education

Education

ALICE

The CMS (Compact Muon Solenoid) experiment is one of two large
general-purpose detectors buit on the Large Hadron Collider (LHO). Its
goal s to investigate a wide range of physics s
of the Higgs boson, extra dimensions or dark matter

ALICE (A Large lon Collider Experiment) s a heavy-ion de
designed to study the physics of strongly interacting matter at extreme

energy densities, where a phase of matter called
forms. More than 1000 scientists are part of the collaboration.

The ATLAS (A Toroidal LHC Apparatus) experiment s a general purpose
tor exploring topics like the properties of the Higgs-ike pamde
mensions of space, unification of fundamental fo
evidence for dark matter candidates in the Universe.

HCb (Large Hadron Collider beauty) experiment aims to record
the decay of particles containing b and anti-b quarks, known as B
mesons. The detector is designed to gather information about the
identity, trajectory, momentum and energy of each partice.

@tiborsimko - @inveniosoftware

For education purposes, the complex primary data need to be processed into a format
(examples below) that is good for simple applications. Get in touch if you wish to build
your own applications similar to those shown here
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INVENLO)  V/|sualise detector events

opendata ABOUT SEARCH EDUCATION ~RESEARCH

Explore CMS open data and visualise detector events

Mg EventsRun 146436/Event 50626440
B DARARLENENR ?

Detector Model 2
Tracker Barrels
Tracker Endcaps
ECAL Barrel ]
ECAL Endcaps
ECAL Preshower
HCAL Barrel

HCAL Forward

Drift Tubes (muon)

Cathoce Strip Chambers (muon)
Resistive Plate Chambers (muon)

Trac
Tracks (reco.) o
ECAL 2
Barrel Rec. Hits 7

Endeap Rec. Hits
Preshower Rec. Hits

icAL 2
Barrel Rec. Hits “
Endeap Rec. Hits ]
Forward Rec. Hits. o
Outer Rec. Hits
2 M
Matching muon chambers “ g
Physics Objects 2
Electron Tracks (GSF) &
‘Tracker Muons (Reco) o 4
Stand-alone Muons (Reco) ]
Giobal Muons (Reco) ] x

Calorimeter Energy Towers
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INVENIO) - Basic histogramming

opendata ABOUT SEARCH EDUCATION RESEARCH

Explore CMS open data and play with the histograms

Need HELP?
W bosons decaying to an electron and a neutrino -
Select one or more parameters:
E| pt eta phi Q [ MET| phimer
LogX  LogY | 1 Set || Undo selectionts) LogX  LogY 1 Set || Undo selectionts)
€ T
2
2
2
15 2
10
10
E
S0 0 10 20 20 a0 m0 a0 40 ) ) ) ) 00 20 %
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INVENIO)  Research

Research

e B T DA For research purposes, specific softvare environments and tools need to be deployed
— ervirormert s provided. The data car be accessed directl through the to analyse these complex primary data. In addition to the data below, you will find
CMs VM. In the primary datasets, no selection nor identification criteria have (T ST S P AT A T T e
been applied. For this release, no simulated Monte Carlo datasets are
Z—— I orovided

Policy, recon:
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INvenlo) - CMS Primary Datasets 2010

opendata ABOUT SEARCH EDUCATION RESEARCH
=)

——

Primary Datasets

Mu primary dataset in AOD format from RunB of 2010 (/Mu/Run2010B-Apr21ReReco-v1/AOD) 2014
/Mu/Run2010B-Apr21ReReco-v1/ACD
CMS collaboration

Cite as: CMS collaboration (2014). Mu primary dataset in AOD format from RunB of 2010 (/Mu/Run2010B-Apr21ReReco-v1/AOD). CERN Open Data Portal. DOI:
10.7483/OPENDATA.CMS BEMR.C4A2

s iy ot | ST rev cemvinc s

| Description

Mu primary dataset in AOD format from RunB of 2010
| Characteristics

Dataset: 32376291 events 2979files 3.2TB in total
| System Details

Software release: CMSSW_4_2_1_patch1

| Indexes
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INVENIO) - GernVM Virtual Machine

& Finder File Edit View Go Window _Help G 0o =4 = Thu Dec 23 2:09AM_Q

cernim-2.2.0 Running)

&) Applications _ Places - L4 [Terminal - test@... O] Eve Main Window & [ALICE Offline Pa... & Terminal - test@... 5 cmsShow: /home... | & 3D 4 Terminal - test@l... |5 @ 0209 ¢

€ [.cmsShow: /home/test/CMSSW.3.7.0/sre/diiet_mass_events from V8reco-0pITXIT]

e e Evs dlEve

ReemOO . & 30 v Mk view | asetcton | Sctons | 04 starens | it | 20 Lego Vi

e view.

i |
o

Comrang Evercet \

L1 |
e i Frat | P
[ Fueane ]

Foer e

Edit View Terminal Go Help
J f [testelocalhost ~1$ sudo du -hs /var/cache/cvnfs2/alice/
1808 =~ 5/51c5_1a32_gccd34/eMs/C 373~ jvar/cache/confs2/alice/
W [test@localhost ~]$ sudo du -hs /var/cache/cvmfs2/cms

327 feareache/ cunfaz/cns
5/51c5_ia32_gecada/ans/c| P o AOT7ERCh

SO/ 0 Dkt
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INVENIO) - OQpen Data? Who cares?

Run your own experiment using CERN's public LHC data

18:30 26 November 2014 by Jacab Aron
) For simiar stores, vst the The Large Hadron Collider Topic Guide

s N N s N N o o

$ $ $ $ $ $ & &

S FESSSSs
b v ~ 5 5 S S

o
‘qu
S

m 82,000 distinct users visited the site

m 21,000 distinct users viewed data records
m 16,000 distinct users used event display
m 3,000 distinct users used histogramming
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INVENIO)

Conclusions
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INvenlo) - GERN (Open) Data

Capturing and disseminating knowledge
° of data, code, platform, processes
to enable future data reuse

© 3™

(Open) Data Analysis Preservation Framework
http://opendata.cern.ch/

CERN IT J. Cowton, P. Fokianos, J. Kunéar, T. Smith, T. Simko
CERN Library S. Dallmeier-Tiessen, P. Herterich, L. Rueda

ALICE M. Gheata, C. Grigoras

ATLAS K. Cranmer, L. Heinrich, D. Rousseau, F. Socher

CMS A. Calderon, A. Huffman, K. Lassila-Perini, T. McCauley, A. Rao, A. Rodriguez Marrero
LHCDb S. Amerio, B. Couturier, A. Trisovic

CERN CernVM J. Blomer CERN EOS L. Mascetti DASPOS M. Hildreth DPHEP F. Berghaus
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