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The Vision

� Preserve data and knowledge 
(metadata) 

� Open sharing – data and 
knowledge more likely to survive 
if constantly used                          
-> enlightened self-interest  

� Make data available to school 
pupils and researchers alike         
- allow them e.g. to reconstruct 
the Higgs discovery

� (Allow CMS physicists to recreate 
results from ATLAS and vice versa   
-> backup) 

� Mine data to test new theories 
and provide crucial references 

� Contain cost to ~1% of operating 
costs -> worth the effort

215.05.17 A. Geiser,   LHCP workshop

statements by
C. Diaconu (DPHEP)
M. Hildreth (DASPOS)
K. Lassila-Perini (CMS)
J. Shiers (CERN,DPHEP)
D. South (DESY, HERA)



The implementation: Open sharing

� CERN Open Data Portal:   opendata.cern.ch

� Access point to growing range of data produced through research at CERN. 
Disseminates preserved output from various research activities, including 
accompanying software and documentation needed to understand and analyze 
the data being shared.

� Adheres to established global standards in data preservation and Open Science: 
the products are shared under open licenses; issued with a digital object 
identifier (DOI) to make them citable objects in the scientific discourse.

� Close collaboration between experiments, 
CERN IT and scientific information services
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this talk:

focus on 
Research 
applications

(many educational 
applications available
from all four experiments)



The implementation: Data and knowledge
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so far:

only CMS 
released 
Research 
level data

-> pioneer

� CERN Open Data Portal:       opendata.cern.ch

� Install virtual machine

� Install CMS software 

(data in AOD format, 
same as used by CMS physicists)

~15 min to set up



Open Data in CMS

� CERN Open Data Portal:   http://opendata.cern.ch/ab out/CMS

� CMS data preservation, re-use and open access polic y, 
http://opendata.cern.ch/record/411 ,                                                             
defines approach to data access at various levels: 

� CMS (DPHEP) Open Data levels:

− Level 1 – Open access publication and additional num erical data                INSPIRE

− Level 2 – Simplified data for Outreach and Education                        Open Data - Education

− Level 3 – Reconstructed data and the software to ana lyze them      Open Data - Research

− Level 4 – Raw data, and the software to reconstruct and analyze them

CMS Open Data for Research:

� 1st release of 28 TB of reconstructed 2010 7 TeV pp collision data in Nov. 2014  

� 2nd release of 130 TB  of  2011 7 TeV pp collision data and 
>200 TB of corresponding MC data     in April 2016

� 3rd release of  8 TeV pp data + MC (~2 PB) approved for later this year
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~ half the 
respective 
full datasets



The challenge: knowledge preservation

HEP doing well with “immediate” metadata ,  such as 

� beam conditions,  event and run numbers,  provenance information (processing 
and reconstruction chain, software versions) recorded together with data at time 
of data set creation

doing poorly with “context” metadata,  such as

� how to pick up the right objects in the data and their documentation

� how to know if there are additional selections, corrections, …

� in general, practical information needed to put data in context and analyze them: 
information readily available and even obvious at time of immediate data 
analysis, but then easily forgotten

� Open Data helps/forces us to meet this challenge

Information must be collected and released together  with the data
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How we (try to) meet the challenge

� information provided is not perfect (and will not be) but still useful and usable

� information is missing for an analysis to be completed ?
(e.g. currently luminosity values for collision data and cross sections for MC)                           
->  we are more than happy to take the feedback at  opendata.support@cern.ch
and provide them (as long as we have them available ourselves)

� being done for the first time (in HEP) -> learning process for everyone,
for users to learn to use these data, for us to gather and provide the necessary 
information from internal sources 

� we are full of good will but very low on resources -> be patient

Most results presented in next slides obtained starting from scratch on
CERNVM virtual machines, using windows or linux office desktop or laptop computers 
(can do it “from your kitchen”!),  using publicly available documentation of CMS 
software.  No grid jobs, no batch jobs on farm, no CMS account needed. 

Many obtained by undergraduate students supervised by experienced physicists           
-> excellent training opportunities!
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How we (try to) meet the challenge
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Open release of 2010 data in fall 2014  
Using open data portal:  http://opendata.cern.ch/about/CMS

Dimuon invariant mass distribution

CMS Paper CMS open data
(muon primary data set)

(on windows desktop)

Provide references:  
validation/benchmarking/analysis examples

JINST 7 (2012) 10002
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Unexpected „Ridge“ was observed in 2010 pp data,
JHEP 1009 (2010) 091 (topcite 500+)

Can be ~reproduced by selecting high multiplicity triggers in Minimum Bias dataset
of 2010 open data

CMS open data
(summer student on office desktop)

Open Data benchmark analysis: “Ridge”

JHEP 1009 (2010) 091

CMS Paper

A. Nassirpour, summer student 2016
https://indico.desy.de/getFile.py/access?contribId=4&resId=0&materialId=slides&confId=15932



Mine data to test new (aspects of) theories 
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observed jet substructure
agrees with predictions

from first principles using
QCD splitting functions

using track (and PF) candidates 
from CMS 2010 pp jet data

+ some CMS support  (S. Rappoccio)

(soon) first ever published 
CMS Open Data result



Mine data to test new (aspects of) theories 
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expected kink structure observed,
higher p T jet measurements needed

to disentangle perturbative from
nonperturbative effects

using particle flow (PF) candidates 
from CMS 2010 pp jet data

+ some CMS support  (S. Rappoccio)

combine jet data from different 
trigger thresholds -> challenge



Contains section with Advice to community, Challenges, and Recommendations
(see there)

Releases of 2011 CMS data+MC “exciting” 
-> properly evaluate detector systematics

Conclusions: “We hope our experience motivates the LHC 
collaborations to further their investment in public data release and 
encourages the particle physics community to exploit the scientific 
potential of open datasets”

Feedback to community 
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use 2011 pp Open Data (2.5 pb-1) + MC, 
no usage of advanced CMS tools, simplified acceptance correction

CMS Open Data
(O. Zenaiev, work in 
progress)

Open data benchmark analysis: top production

CMS-TOP-11-013, 
EPJ C73 (2013) 2339

CMS Paper comparison of 
norm. cross sections
(O. Zenaiev, work in
progress)



Conclusions

� Open Data release of full CMS 2010 run B data and 2011 run A data + MC     
available on http://opendata.cern.ch

� well prepared by CERN and CMS IT and open data                                     
teams:  anybody can use it and it works

� contains benchmark physics analysis and validation                                      
examples

� involves nontrivial challenges being worked on 

� first physics results from 2010 open data just published                                      
by group of theorists from MIT                                                                                               
-> hopefully start of long and fruitful future of full                                                
exploitation of High Energy Physics data beyond                                            
actual collaborations

� also used for machine learning (Yandex, see backup) 

� upcoming 2012 data release: on the way towards                                          
public reconstruction of the Higgs discovery
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Backup 

1515.05.17 A. Geiser,   LHCP workshop



Extended Vision (for discussion)

My personal extension of initial vision: 

(for discussion, not a collaboration statement)

With  ~1% of additional resources,       aim to achieve 

~10% additional scientific output  (physics papers) 

from both external and internal use of preserved data 

over lifetime of experiment + 10-20 years
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“Recreate” ATLAS result from CMS data:
Low pT D* production  (new for CMS)
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CMS open data

2010 CMS open data
(Minimum Bias data set) D0

D*

B. Sheeran, N. Stefaniuk, work in progress

Nucl. Phys. B907 (2016) 717



Machine Learning with CMS Open Data: Yandex
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From seminar at DESY, 14.2.17


