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OPEN THE RESEARCH PROCESS

Consider financiers'

*  Clear citations requirements
* Ensure the
accumulation of

credits

Hypothesis

Data collection
*  Publish metadata with

an open licence

* Use open evaluation

* Ensure links between
publications, data and
methods

*  Make use of institutional
repositories

Publication and

distribution Sz

* Use services that safeguard
the preservation and integrity
of materials

*  Produce standard metadata

*  Clarify usage rights
* Ensure that you give

credit through citations

Make use of open-
source software and
open interfaces

Make use of service
infrastructure

Attach a persistent identifier
to your results

Attach descriptive metadata
to your results

Publish metadata with an
open licence

https://www.fosteropenscience.eu/content/what-open-science-introduction
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OPEN RESEARCH
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VALIDATE AND REUSE RESEARCH
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WHERE TO STORE THESE OBJECTS?



WHERE TO STORE THESE OBJECTS?

In a Digital Repository!




WHY A DIGITAL REPOSITORY?

DRUCIK

www.druce.con

=
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PUBLISH OR PERISH?

20%

store data in a digital archive
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OPEN SCIENCE @ CERN

60 INSTANCES
WORLD WIDE

CERN OPEN DATA
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INVENIO)

Open Source framework for large-scale digital repositories.

INVENIOSOFWARE.ORG
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CER/W
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r ABOUT INVENIO

Born at CERN

Free Open Source Software

Core for any digital repository

Modern & reliable technology
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Flexible and modular

Handling 00M+ records

Developed with PB in mind

Fast uploads & search
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DATA @ CERN

1. Provision of
additional

~KB/paper documentation for
the published results

. 2. Simplified data formats
~G B/anaIyS|s for analysis in outreach and
training exercises

~TB/analysis 3. Reconstructed data and simulations as
well as the analysis level software to
~PB/year allow a full scientificanalysis

4. Basic raw level data (if not yet covered as level 3
~GB/sec data) and their associated software which allows access
to the full potential of the experimental data

—~

—»M—» O -

S=— o

~90PBlyear Raw Data Processed Data
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CERN
ANALYSIS

PRESERVATION

http://analysispreservation.cern.ch

Capture

DATA @ CERN

Processed Data

https://reana.io

Reproduce

A ooo0oo0oo

> Paper Ooo0oo0o0o0

Lo

Research output

CERN OPEN CERN DOCUMENT
DATA SERVER
Publish Publish and Archive

14



Ludmila Marian, IAEA

CERN ANALYSIS

PRESERVATION

http://analysispreservation.cern.ch

Processed Data

https://reana.io

CERN OPEN

DATA

http://opendata.cern.ch
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CERN ANALYSIS PRESERVATION
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CERN ANALYSIS PRESERVATION

Capturing all the elements needed to understand and rerun an analysis even several years later

Data SW + Env Workflow Documentation

CERN
Analysis Preservation

Welcome to the CERN
Analysis Preservation
Portal.

®
%) Log in with your CERN account
s @
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CODE + DATA IS NOT ENOUGH

The Effects of FreeSurfer Version, Workstation Type, and Macintosh
Operating System Version on Anatomical Volume and Cortical
Thickness Measurements

Ed H. B. M. Gronenschild [@), Petra Habets, Heidi |. L. Jacobs, Ron Mengelers, Nico Rozendaal, Jim van Os, Machteld Marcelis

Published: June 1, 2012 « DOI: 10.1371/journal.pone. 0038234

Software changes: 8.8+6.6% (volume) and 2.8+1.3% (thickness)
Operating system changes: factor two smaller

18



THE FULL RESEARCH MUST BE CAPTURED
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IS THERE A REPRODUCIBILITY CRISIS?

7% 52%
Don't know Yes, a significant crisis
3%
No, there is no
crisis

1,576

researchers
surveyed

38%
Yes, a slight
crisis

namre

REPRODUCIBILITY IS HARD

HAVE YOU FAILED TO REPRODUCE
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results.

® Someone else's My own

Chemistry — . - : - -

Biology

Physics anc | R

engineering i i i H :
Medicine

(RTINN 456 i i e

environment R R S

Other

o

20 40 60 80 100%

https://www.nature.com/news/1-500-scientists-lift-the-lid-on-reproducibility-1.19970

Half of researchers cannot reproduce their own results
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CERN ANALYSIS

PRESERVATION

http://analysispreservation.cern.ch

Processed Data

https://reana.io

CERN OPEN

DATA

http://opendata.cern.ch
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REPRODUCIBLE ANALYSIS

reana

Reproducible research data analysis platform

Flexible Scalable Reusable Free
Run many computational Support for remote compute Containerise once, reuse Free Software. MIT licence.
workflow engines. clouds. elsewhere. Cloud-native. Made with @ at CERN.
3 A 4 & S &)
’ B kubernetes ' \J >~

reana.lo
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REPRODUCIBLE WORKFLOWS

inputs

Y

command;

output,
Y

command,

outputs

Y

output,_ 1
Y

command,

Y

outputs

Serial

[ ———————

Workflow Inputs :
I
1 ! LSl
mcweight || nevents || "sig
SN NN S
events /type
read
lhistograms
weight | merge || "nominal” || "signal"
inputfile%/ariations region
select || "signal”
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CERN Open Data Zenodo
CERN Analysis Presergtion ¥ l / RECAST
1. where Is data?
_) 2. where Is code?
3. what environment?
4. what workflow?
physicist l ...........
USERS .o e ey "%2ee...
LA workflow execution controller o — N
. queue
REANA allocate ¢ start .-
I‘\i .'t > M.‘Mp
YADAGE g
monitor workflow ::r::rfltl’lu:r S
monitor -
instance o~ m
lrun step
report
~a i job
lat gl execution
templates allocation
controller

kubernetes

0s
docker

compute openstack
cloud

@ Ceph shared
storage
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CERN ANALYSIS

PRESERVATION

http://analysispreservation.cern.ch

Processed Data

https://reana.io

CERN OPEN

DATA

http://opendata.cern.ch
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CERN OPEN DATA PORTAL /278 data

Publicly-accessible site for curated releases of CERN data sets and software

—~~
Explore more than two petabytes .
of open data from particle physics! /

AAAAA
environments
ooooooooooooo
PERA

aaaaaaaaaaa
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CERN OPEN DATA PORTAL

earc Q

CERN

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

/Mu/Run2010B-Apr21ReReco-v1/AQD, 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. DOIL:10.7483/OPENDATA.CMS.BEMR.C4A2

[ Dataset ] Colision J cs J Colision energy 7Tev ] Accelerator CERN-LHC ] Parent Dataset: /Mu/Run20108.vi/RAW |

Description
Mu primary dataset in AOD format from RunB of 2010

Notes

This dataset contains all runs from 2010 RunB. The list of validated runs, which must be applied to all analyses, can be
found in

CMS list of validated runs Cert_136033-149442_7TeV_Apr21ReReco_Collisions10_JSON_v2.txt

Related Datasets
/Mu/Run2010B-v1/RAW

Characteristics
Dataset: 32376291 events 2979 files 3.2 TB in total

System Details
Global tag: FT_R_42_V10A:All

Recommended release for analysis: CMSSW_4_2_1_patch1

Ludmila Marian, IAEA

About ~

How were these data selected?
There are four categories of triggers in the Mu dataset (with significant overlaps):

~70% inclusive single muon triggers with varying trigger pt threshold 3,5,7,9,11,13,15,17,19,21 GeV plus a few with
loosened quality cuts.

~20% isolated single muon triggers with varying trigger pt threshold 9,11,13,15,17 GeV.

~10% inclusive dimuon triggers with varying trigger pt threshold 3,5 GeV plus one Z->mumu trigger with loosened
quality cuts.

~20% combinations of muon triggers with various pt thresholds 3,5,7,8,9,11 GeV with some EM/e/gamma or
hadronic/jet energy deposit with thresholds 6-100 GeV.

How were these data validated?

During data taking all the runs recorded by CMS are certified as good for physics analysis if all subdetectors, trigger,
lumi and physics objects (tracking, electron, muon, photon, jet and MET) show the expected performance.
Certification is based first on the offline shifters evaluation and later on the feedback provided by detector and
Physics Object Group experts. Based on the above information, which is stored in a specific database called Run
Registry, the Data Quality Monitoring group verifies the consistency of the certification and prepares a json file of
certified runs to be used for physics analysis. For each reprocessing of the raw data, the above mentioned steps are
repeated. For more information see:

How can you use these data?

You can access these data through the CMS Virtual Machine. See the instructions for setting up the Virtual Machine
and getting started in

27



Filename Size Download EOS Link
CMS_Run2011A_BTag_AOD_120ct2013-v1_00000_file_index.txt 122 Bytes * &

CMS_Run2011A_BTag_AOD_120ct2013-v1_20000_file_index.txt 59.5 kB ¥ &

FirstPrevious1NextLast

Datasets
Filename Size Download EOS Link
802CF580-BB46-E311-8D89-00261894388D.root 886.7 MB 3 &
00376186-543E-E311-8D30-002618943857.root 3.9 GB 3 @
0080432E-043E-E311-B4CB-00248COBEO1E.root 2.8 GB 3 &
00867474-453E-E311-A450-003048FFD7C2.root 3.9 GB hd &
02012C2B-323E-E311-897E-003048FFD736.root 2.2GB L4 @
02116E88-003E-E311-A1A9-0025905964BA..root 42 GB hd &
0216066B-3A3E-E311-ABD0-003048FFD732.root 3.9 GB hd &
02477509-3D3E-E311-A230-00261894389A.root 3.9 GB L4 @
02581093-3E3E-E311-8235-00248C55CC3C.root 3.9GB 3 &
0297C037-2D3E-E311-83A2-00259059649C.root 42 GB hd &

FirstPrevious12345NextLast

Disclaimer

The open data are released under the Creative Commons CCO waiver. Neither CMS nor CERN endorse any works,
scientific or otherwise, produced using these data. All releases will have a unique DOI that you are requested to cite in any
applications or publications.



CERN OPEN DATA PORTAL

About ~

Sort by:| Mostrecent v | asc. Vv Display:| detailed v || 20results Vv
Filter by type
vl Dataset 997
(J collision 100 Found 3778 results. 2 3 4 5 6 7 8 9
(J perived 173
LJ Simulated 723
v Documentation 56
L) About 8
O Activities 19 /TTJets_MSDecays_scaleup_mt172_5_7TeV-madgraph-tauola/Summer11LegDR-
LJ Authors _ PU_S13_START53_LV6-v1/AODSIM
J 16
— jullde 5 Simulated dataset TTJets_MSDecays_scaleup_mt172_5_7TeV-madgraph-tauola in AODSIM format for
‘ P 2011 collision data (SM Systematic Variations)
_IPolicy 4
W Report ! See the description of the sim...
v Environment 19
L Condition 5 [ Dataset ] simulated J cus
AV "
L validation 3
[ Glossary 2 NectorTMToZZTo4L_M-125p6_7TeV-JHUGenV3-pythia6/Summer11LegDR-
L News 9 PU_S13_START53_LV6-v1/AODSIM
\ 33
v Soirwal'e - Simulated dataset Vector1MToZZTo4L_M-125p6_7TeV-JHUGenV3-pythia6 in AODSIM format for 2011
naysis collision data (SM Inclusive)
L_J Framework 4
L Tool ¢ See the description of the simulated dataset nam...
L validation 5
vl _supplementaries ~ 2642 [ Dataset ] simulated J cms ]
LJ configuration 97
_J Luminosity 3
O rigger 1722 /VBFHiggsOPToGG_M-125p6_7TeV-JHUGenV4-pythia6-tauola/Summer11LegDR-

PU_S13_START53_LV6-v1/AODSIM
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CERN OPEN DATA PORTAL

search Q About ~

CERN

Higgs-to-four-lepton analysis example using 2011-2012 data

Jomhari, Nur Zulaiha; Geiser, Achim; Bin Anuar, Afiq Aizuddin;

Cite as: Jomhari, Nur Zulaiha; Geiser, Achim; Bin Anuar, Afiq Aizuddin; (2017). Higgs-to-four-lepton analysis example using 2011-2012 data.
CERN Open Data Portal. DOL:10.7483/OPENDATA.CMS.JKB8.RR42

[ Software ] Analysis | s ] Accelerator CERN-LHC ]

Description

This research level example is a strongly simplified reimplementation of parts of the original CMS Higgs to four lepton analysis published in

Phys.Lett. B716 (2012) 30-61, arXiv:1207.7235.

The published reference plot which is being approximated in this example is https://inspirehep.net/record/1124338/files/H4|_mass_3.png.
Other Higgs final states (e.g. Higgs to two photons), which were also part of the same CMS paper and strongly contributed to the Higgs boson
discovery, are not covered by this example. CMS Preliminary {§=7TeV,L=5.05f"; {s=8TeV,L=5.26 b" \s=7TeV,L=23" 1s=8TeV,L=11.6fb"
LN LA B N B B N B B B B B N B B | > F
_ _ _ _ ® o0 « Data R &30~ CMS Open Data . %a‘.a X
The example consists of different levels of complexity. The highest leve O L ] o t 5T1y8a+r
minimal understanding of the content of this paper and of the meanin; 2 i .Z‘X ] % 251 (i y 24 ->1:g5
educational exercises. The lower levels might also be interesting for ed ,g 10 DZy"ZZ ] @ [ O =
i i i the ROOT analysis tool. g L = ] .
with the linux operating system and T u>J sk Dmn—126 Gev_ 20
- o 3 150
Use with 6 -
The example uses legacy versions of the original CMS datasets in the A( 4k 10
publication due to improved calibrations. It also uses legacy versions o i
but not identical to, the ones in the original publication. These legacy d 2 5
in many later CMS publications. L
/DoubleElectron/Run2011A-120¢ct2013-v1/AO 0 0-
/DoubleElect /Run2011A-120ct20 v1/AOD 80 100 120 140 160 180
/DoubleMu/Run2011A-120ct2013-v1/AOD my [GeV]
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RESEARCH USE CASES

Independent analyses by theorists (Jesse Thaler et al, MIT)

week ending

PRL 119, 132003 (2017) PHYSICAL REVIEW LETTERS 29 SEPTEMBER 2017
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Exposing the QCD Splitting Function with CMS Open Data

e
Andrew Larkoski,

mone Marzani,”' Jesse Thale
'Physics Department, Reed College, Portland, Oregon 9720,

Aashish Tripathee,"" and Wei Xue'

SA
*University at Buffalo, The State University of New York, Buffalo, New York 14260-1500, USA

‘Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge,

Massachusens 02139, USA

(Received 9 May 2017; revised manusenpt received 27 July 2017; published 26 September 2017)

The spli

ng function is a universal property of quantum chromodynamics (QCD) which describes

how energy is shared between partons. 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 suffic

ly high jet encrgies. This provides a way to expose the splitting function

through jet substructure measurements at the Large Hadron Collider. In this Letier, we use public data
released by the CMS experiment (o study the two-prong substructure of jets and test the | — 2 splitting

function of QCD.

DOI: 10.1103/PhysRevLett 119.132003

Quantum chromodynamics (QCD), like any weakly
coupled gauge theory, exhibits universal behavior in the
small angle limit. When two partons become collinear in
QCD, the cross section for a 2 — n scatlering process
factorizes into a 2 — n— | scattering cross section multi-
plied by a universal | — 2 splitting probability, with
comrections suppressed by the degree of collinearity
Collinear universality is a fundamental property of QCD
and appears in many applications, most famously in
deriving the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi
evolution equations [1-3] (see also [4-13)), and it is at
the heart of the factorization theorem in hadron-hadron
collisions [14,15]. In addition, parton shower generators are
based on recursively applying 1 — 2 splittings [16-18),
fixed-order subtraction schemes utilize the 1 — 2 splitting
function [19-21], and the &, jet clustering metric is based
on 2 = | recombination [22-24]. Collinear universality
can be extended to multiparton splittings at tree level and
beyond [25-41]; however, its all-orders validity [42,43] is
spoiled in the presence of Glauber modes [44-47]. More
recently, jet substructure techniques [48-52) have been
introduced to distinguish | — n decays of heavy particles
from | — n splittings in QCD in order to enhance the
search for new physics at the Large Hadron Collider (LHC)
[53-56]

Despite its ubiquity, however, the 1 = 2 splitting func-
tion cannot be directly measured at a collider, since

collinear universality is inseparable from the existence of
collinear singularities and closely related nonperturbative
mentation functions, Specifically, when two partons are
ted by an angle @, the | = 2 splitting probability
takes the form

o our knowledge, this is the first ever physics

nalysis based on the CMS Open Data.

where the P, are the Alarelli-Parisi QCD splitting
functions [3] which depend on the momentum fraction 2
and the parton flavors 7, j, and k. Crucially, this expression
has a real emission singularity in the @ — 0 limit, as required
to cancel corresponding virtual singularities from loop
diagrams. In this sense, there is no way to directly measure
the splitting function P, (z) in data, though there is of
course overwhelming indirect evidence that P, (z) is a
universal function from the many successes of QCD in
describing high-energy scattering (se [57-67)).

In this Letter, we present a semidirect method 1o test the
1 — 2 splitting function in QCD by studying the two-prong
substructure of jets, Our method is based on soft drop
declustering [68] (see also [52,69,70]), which recursively
removes soft radiation from a jet until hard two-prong
substructure is found, When applied to ordinary quark- and
gluon-initiated jets with no intrinsic substructure, soft drop
exposes the collinear core of the jet. As shown in Ref. [71],
the momentum sharing between the two prongs (denoted
z,)1s closely related to the momentum fraction z appearing
in Eq. (1), and the cross section for z, asymptotes to the
QCD splitting function in the high-cnergy limit. While
variants of ve appeared in many jet substructure
peter in Refs, [52,72)), o
the best of our knowledge, no published z, distribution has
ever been presented using actual collider data, though there
are preliminary z, results from CMS [73], STAR [74], and
ALICE [75] Collaborations. Here, we present the first
analysis of z, using LHC data, taking advantage for the first
time of public data released by the CMS experiment [76]

The CMS Open Data are derived from 7 TeV center-of
mass proton-proton collisions recorded in 2010 and released
to the public on the CERN Open Data Portal in November

eg

studies (notably the /v pa

P, a0 \.p (1y 2014 [77]. The data are provided in analysis object data
g e (AOD) format, which is a CMS-specific data scheme based
00319007/ 17/119(13)/132003(7) 132003-1 © 2017 American Physical Society
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Jet substructure studies with CMS open data

Aashish Tripathee,"” Wei Xue,"' Andrew Larkoski,™" Simone Marzani,"* and Jesse Thaler'

Center for Theoretic

| Physics, Massachusetts Instinate of Technology

Cambridge, Massachusents 02139, USA

Physics Department, Reed College

"University at Buffalo, The State University of

Portland, Oregon 97202, USA
w York, Buffalo, New York 14260-1500, USA

(Received 9 May 2017; published 3 October 2017)

We use public data from the CMS experiment (o study the two-prong substructure of jets. The CMS open

data are based

n 318 pb™' of 7 TeV proton-proton collisions recorded at the L

¢ Hadron Collider in

2010, yielding a sample of 768,687 events containing a high-quality central jet with transverse momentum

larger than 85 GeV. Using CMS’s particle flow reconstruction algorithm to obial
extract the two-prong substructure of the leading jet using soft-drop declustering. We find good ag

pstituents, we

jet ©

ement

between results obtained from the CMS open data and those obtained from parton shower generators, and

we alo compare to analytic jet substructure calculations performed to modified leading-logarithmic

accuracy. Although the 2010 CMS open data do not include simulated d

10 help ¢

imate systematic

uncertaintics, we use track-only observables to validate these substructure studies.

DOL: 10.1103/PhysRevD 96.074003

L. INTRODUCTION

In November 2014, the CMS experiment at the Large
Hadron Collider (LHC) announced the CMS Open Data
project [1]. To our knowledge, this is the first time in the
history of particle physics that research-grade collision data
has been made publicly available for use outside of an
official experimental collaboration. The CMS open data
were reconstructed from 7 TeV proton-proton collisions
in 2010, comresponding 10 a unique low-luminosity running
environment where pileup contamination was minimal and
trigger thresholds were relatively low. The CMS open data
present an enormous opportunity to the particle physics
community, both for performing physics studies that would
be more difficult at higher luminosities and for demon-
strating the scientific value of open data releases.

In this paper, we use the CMS open data 1o analyze the
substructure of jets. Jets are collimated sprays of particles
that are copiously produced in LHC collisions, and by
studying the substructure of jets, one can gain valuable
information about their parentage 10). A key application
of jet substructure is tagging boosted heavy objects like top
quarks [11-31] and electroweak bosons [3.4.6,1422
30-59]. To successfully tag such objects, though, one first
has 10 understand the radiation patterns of ordinary quark
and gluon jets [26,60-75], which are the main back grounds
1o boosted objects. The CMS open data are a fantastic

aashisht@mit edu
weixue@mit.edu
larkoski @reed edu
‘smarzani @ buffalo.edu
jthaler @ mit.edu

resource for performing these baseline quark/gluon studies.
Using the Jet Primary Dataset [76], we perform initial
investigations of the two-prong substructure of jets as well
as present a general analysis framework to facilitate future
studies. This effort is complementary to the growing
catalog of jet substructure measurements performed within
the ATLAS and CMS collaborations [77-199].'

The core of our analysis is based on soft-drop declustering
[46], which is a jet grooming technique [6,200-202] that
mitigates jet contamination from initial state radiation (ISR),
underlying event (UE), and pileup. For the studies in this
paper, we set the soft-drop parameter # equal to zero, such
that soft drop behaves like the modified mass drop tagger
(mMDT) [203,204].% After soft drop, a jet is composed of
two well-defined subjets, which can then be used to derive
various two-prong substructure observables. In addition o
comparing the CMS open data to parton shower generators,
we perform first-principles calculations of soft-dropped
observables using recently developed analytic techniques
[46,205,206]. In a companion paper, we use soft drop to
expose the QCD splitting function using the CMS open data
[207); a similar strategy was used in preliminary CMS [167),
STAR [208], and ALICE [209] heavy ion studies to test for
possible modifications to the splitting function from the
dense QCD medium [210211)

For studying jet substructure, the key feature of the CMS
open data is that they contain full information about particle

“To highlight the vibrancy of the field, we have attempted to
list all published jet substructure measurements from ATLAS and
CMS. Please contact us if we missed a reference.

The original mass drop tagger [6] was a pioneering technique
in jet substructure; see also precursor work in Refs. [2-5)

2470-0010/2017/96(7)/ 074003(33) 0740031 © 2017 American Physical Society
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20
D HERA la, data 1991-1995
HERA Ib, data 1996-2000
15 [ ] HERA 11, data 2003-2007
} B g preservation mode
S 2017718 active analyses
2 2018/19 future topics
10 [
| ’ : ~10% of total benefit
. (for <1% of total cost
7 : of which ~90% during
b active phase)
end of data ] [ 1
J_l !und?r?’j :
0 i { TN |
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Achim Geiser https://indico.cern.ch/e/588219

Collaborations publish papers even ~15
years after data taking ends

LONG TERM VALUE OF DATA

{ JADENNLO 1
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. b
1-T,My, B, By, Gy, 1

013 F

012

OILE = (m,)=0.12100.0061
0.1 : -

10 10
Vs [GeV]
DPHEP https://arxiv.org/abs/1205.4667

JADE data (1979-1986) still unique even
~33 years later
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