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Experimental particle physics in the collider era

> A wide variety of physics results from
many, often very different experiments

> Energy frontier probed with increasingly
complex accelerator installations

= New experiments typically supersede previous,
similar ones - but not always

do/dQ? [pb/GeV?]

> Growth in size of the necessary
international collaborations, as well as
the diversity of the data management
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> The age of the LHC has truly arrived I
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= The Super-B factories and other projects such voanme > s
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What do you do when the collisions have stopped ?

> Finish the analyses! But then what do you do with the data?

= Until recently, there was no clear policy on this in the HEP community

= It's possible that older HEP experiments have in fact simply lost the data

> Data preservation, including long term access, is generally not part of
the planning, software design or budget of an experiment

= So far, HEP data preservation initiatives have been in the main not planned by the
original collaborations, but rather the effort a few knowledgeable people

> The conservation of tapes is not data preservation!

= “We cannot ensure data is stored in file formats appropriate for
long term preservation”

" “The software for exploiting the data is under the control of the
experiments”’
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The difficulties of data preservation in HEP

> Handling HEP data involves large scale traffic, storage and migration

= The increasing scale of the distribution of HEP data can complicate the task

> Who is responsible? The experiments? The computing centres?

= Problem of older, unreliable hardware: unreadable tapes after 2-3 years

= The software for accessing the data is usually under the control of the experiments

> Key resources, both funding and person-power expertise, tend to
decrease once the data taking stops

> And a rather key ingredient to all this is: why do it?

= Can the relevant physics cases be made?
= Who says we want to do this anyway?

= |s the benefit of all this really worth the cost and effort?
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DPHEP: An international study group on data preservation

First contacts established in September 2008

= Group since grown to over 100 contact persons

= Endorsed as an ICFA panel summer 2009

Initial make up of the group was driven by the coincidence of the end of data taking at
several large colliders, but had grown to include others including the LHC experiments

Steering Committee with representatives from all members in addition to an
International Advisory Committee:

Jonathan Dorfan (Chair, SLAC), Siegfried Bethke (Chair, MPIM), Gigi Rolandi (CERN), Michael Peskin (SLAC
Dominique Boutigny (IN2P3), Young-Kee Kim (FNAL), Hiroaki Aihara (IPMU/Tokyo), Alex Szalay (JHU)
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DPHEP: An international study group on data preservation
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DPHEP: An international study group on data preservation

> Series of DPHEP workshops held since 2009

First Workshop on Data P
e s AL 2N WoRKsHop ON DATA PRESERVATION

AND LoNG-Term ANALYsIS IN HEP:

4" Workshop on Data Preservation i
High Energy Physics
8-10 July 2010 @

5th Workshop on Data Preservation
and Long Term Analysis in HEP

Jan 2009: DESY ~ May 2009: SLAC ~ Dec2009: CERN  Jul2010: KEK  May 2011: Fermilab

> The first task of the group was to establish the working directions

= “To confront data models, clarify the concepts, set a common language, investigate
technical aspects, compare with other fields handling large data.”

> Initial findings published in an interim report December 2009

= Focus on four key areas of the study group: Physics Case for Data Preservation,
Preservation Models, Technologies, Governance arXiv:0912.0255
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Latest DPHEP publication

> Published on arXiv May 21st 2012

> Full status report of the activities of the
DPHEP study group, including:

= Tour of data preservation activities in other fields

An expanded description of the physics case

Defining and establishing data preservation principles

Updates from the experiments and joint projects

FTE estimates for these and future projects
= Next steps to establish fully DPHEP in the field

arXiv:1205.4667

DPHEP-2012-001
May 2012

Status Report of the DPHEP Study Group:
Towards a Global Effort for Sustainable
Data Preservation in High Energy Physics

www.dphep.org
Abstract

Data from high-energy physics (HEP) experiments are collected with significant

financial and human effort and are mostly unique. An inter-experimental study group

ﬁ Study Group for Data, Preservation
and
PHE Long Term Analysis in High Energy Physics
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Building the physics case: Reasons to preserve HEP data

> Long term completion and extension of an existing physics program

= Up to 10% of papers are finalised in the “archival mode”

= Gain in scientific output of the experiments

> Cross-collaboration and combinations of physics results

= During the active lifetime of similar experiments at one facility: LEP, HERA, TeVatron

= And later across larger boundaries: Belle/BaBar, TeVatron/LHC

> Revisit old measurements or perform new ones

= Access to newly developed techniques, comparisons to new theoretical models

= Unique data sets available in terms of energy, initial states

> Use in scientific training, education, outreach

= Simplified formats: associated exercises to perform e.g. composite-particle
reconstruction, finding signals in the background, ...
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Example: Revisit old measurements or perform new ones
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> Access to newly developed techniques,
comparisons to new theoretical models

= History may be repeated with the HERA o, measurements

> Unique data sets are available in terms of initial
state particles and energy

= HERA e*p, Tevatron pp, fixed target experiments, ...

o, from Jet Cross Sections in DIS

O +
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=  What about early LHC data? 900 GeV, 2.36 TeV, 2010 low pile-up 7 TeV and even the

2011/12 data taken at 7/8 TeV once the 14 TeV comes
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What is HEP data?
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DPHEP models of HEP data preservation

2 | | Preservation Model Use Case

()
% o | | 1| Provide additional documentation Publication related info search Documentation
O o
;'g 2| Preserve the data in a simplified format Outreach, simple training analyses | Outreach
c
g g 3 Preserve the analysis level software and Full scientific analysis, based on )
0 X data format the existing reconstruction Technical
2 _ | _ _ _ Preservation
= €4 Preserve the reconstruction and simulation | Retain the full potential of the Projects

8 software as well as the basic level data experimental data

v

> These are the original definitions of DPHEP preservation levels from
the 2009 publication

= Still valid now, although interaction between the levels now better understood

> Originally idea was a progression, an inclusive level structure, but now
seen as complementary initiatives

> Three levels representing three areas:

= Documentation, Outreach and Technical Preservation Projects
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Level 1: Documentation

> Dedicated documentation task forces set up by many experiments

= Much material from pre-web days, or using all kinds of web applications

> Non-digital: Cataloguing, scanning, photographing older material

= Papers, notes, drawings, pre-web talks, detector schematics, blueprints, logbooks, ...

= New Virtual Archives established by the experiments

> Digital: Securing and consolidating the existing content

= Online shift tools, detector configuration files, electronic logbooks, detailed run info, web
content from out-dated servers with dead links, wikis, meetings, talks, ...

= Replacement Of Old Web Servers by VMS, | N S P I RH1 IntemaINt;tes G19r\?mmifwnd 1-25P" jumptorecord:[1
hosted by the computer centres - '

S. Schaetzel. H1-09/07-628.

References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
1 Link to fulltext

:  Detailed record - Attribute this paper

= Replacement of old pages to newer

: Log in 2. Improved Description of Electromagnetic Showers in HIFAST.
t h I . h . k. : : J. Marks M. Ellerbrock, C. Risler, C. Schwanenberger (HDB1, MPIM, DESY). H1-01/05-617.§
echnno Og IES SUCh as WIKIS  This collection is restricti References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote :
: : Link to fulltext
i Username: |1 i Detailed record - Attribute this paper

= Use of external services such as INSPIRE ~ Pesswerd:l 4 a1 catorimeter baa upgrae for et

5] Rememt,f Pierre-Yves Duval Dirk Hoffmann, Claude Vallee (CPPM). H1-07/02-599.

for hosting collaboration material KETN | Fotoronces | BbTeX| LaTeX(US) | LaTeXEU) Hanmas  Endite

0@
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Level 2: Simplified formats for outreach

Within DPHEP and the member collaborations
there are generic ideas, such as common formats
and user interfaces

= In terms formats, much can be learned from other fields
such as astrophysics or life sciences

Such outreach formats in HEP are typically based
on ROOT, containing particle 4-vectors and simple
event information

= Composite-particle reconstruction, finding signals

= Initiatives in place at BaBar, Belle and LHC experiments —

Simplified formats also provide an ideal way of
transferring data between experiments and theory

= Allowing new models to be tested on HEP data
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Technical projects: Levels 3 and 4

> This is really the main focus of the data preservation effort

= Access to analysis level data, MC and the analysis level software, in addition (for
level 4) to the reconstruction and simulation software

> It's not about the data, but about still being able analyse it

= Either keep your current environment alive as long as possible
= Or adapt and validate your code to future changes as they happen

= Two complimentary approaches taken by BaBar at SLAC and the HERA
experiments at DESY, both employing virtualisation techniques, but in different ways

50 Batch and g! A IS

XROOTD file

=

NATIONAL ACCELE! H1 Soﬂware : Test OK
The whole LTDA Cluster in its final setup Zeus Software o
in the SLAC computing building $EXP Software

OS lib missing
21T

Tracking code error
2 EXP-SW

_-_ J ¢ . ‘ Do 1 T ROOT, GEANT,..\\ §

=23 — 20 H= % | External SW

| - | = S\ | : - Data unreadable

i L - saip SL5/SL6/Debian/, } > Ta S

Infrastructure Z " | Y v 7 f IT provides VMs L
and Login 2 g | = 9

Physics results diverge
“ =2» SW & Physicist

Servers
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Summary and future working directions

> The DPHEP Study Group has established itself in the HEP community and has
reached a milestone in the publication of the latest report, which contains a
comprehensive appraisal of data preservation in HEP

> The group will continue to investigate and take action in areas of coordination,
preservation standards and technologies, as well as expanding the
experimental reach and inter-disciplinary cooperation

t

> Next steps Brmep
= Full deployment of experiment/lab based projects ;% Steeﬂn::::mme g g
= Time for a new phase, new operational model :;" MMMEWM % §
= Funding needed, from within HEP / EU (FP8) N .

= Next workshop is in Munich, in Autumn 2012 —
International Advisory | Organisations from
Committee other disciplines

Status Report of the DPHEP Study Group: http://arxiv.org/abs/1205.46677
CHEP 2012 talk: http://indico.cern.ch/contributionDisplay.py?sessionld=0&contribld=607 &confld=149557

DPHEP@CHEP2012 session: http://indico.cern.ch/conferenceDisplay.py?confld=171962
Seminar from November 2011: http://www.desy.de/dvsem/WS1112/south_talk.pdf
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EXTRAS
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The last years have seen the end of several experiments

= g ; ; : : ; ; 1
3 LEP, 2 November 2000
;is ............ ..................... . deo g

00:00 : : 15:00

—&— Total Current . L3 LUMINOSITY ——  ALEPH LUMINOSITY —e— OPAL LUMINOSITY
—+— DELPHI LUMINOSITY ENERGY 10*"MOD{ENERGY.1001
p:@.8[mAl B.8CLh] BLGeY] e+:8.8[mAl B8.8[h] B.8[GeY]
Current-p [mAl Current-e [mAl, Lifetime-e [hl
128 T T T T T T T T T T T 60
Taudle)

108 [ rzg:f,_:‘é_: 4 se

so [ 4 40

60 4 20

48 | - ee

-
ca 'T_m‘:‘:“ -4 18
a 1 a
o & 4 s HERA, 30 June 2007
Thank You HERA R.I.P. Time [hl

.'2 - Mon '-\L, 7

10— 04:34h (19.0%) Stable Beams
g [ 04:15h (93.1%) DAQ on
£ o | Ml 11| [/ // /) 84.6/pb Recorded Lumi

09 1 K 15 17 19 21 23 01 03 05 07 1 3% Deadtime
mmmm PEP Luminosity 18s DCH paused (#4 )

DAQ on - stable beams PEP-II, 7 April 2008
B DAQ off - stable beams
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The last years have seen the end of several experiments
KEKB, 30 June 2010
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HEP experimental programmes * 10 years

2000 2010 |°% 2020
LHC pp/ions | fb! ++ |
LEP ee 0.9 fb-
HERA | ep 0.5 fb~ Unique data sets are
Tevatron | pp 10 fb- available: what is
their fate?
BaBar ee 600 fb-"
Belle ee 1 ab’++ ]
CLEOC | ee 0.9 fb-1
BESIIl | ee fort ++ =
KLOE ee 1 fb!++
RHIC pp /ions | Multi-exp
SPS Fixed Multi-exp
target

[not all programmes, dates are approximate, just to give the picture]
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Initiatives in other fields

> Data preservation and in particular open access and data sharing are
present in other fields such as:

= Astrophysics, molecular biology, earth sciences, humanities and social sciences

“” L Sloan Digital Sky Survey / SkyServer
an*" g m¥p ) . o / P,
B Y=</l SDSS H BN BN @] JHU Mirror

DRYAD

Blue Ribbon Task Force
on Sustainable Digital Preservation and Access

Submit Data Now!

See how to submit

My Account

PANGAEA®

Data Publisher for Earth & Environmental Science
The Astronomical ®

@ BEFITS o

a
rFiexibie IInnage I‘ransnort ESYES 1T E I l l r
Data for Life

Home | News | Docs | WCS | Samples | Libraries | Viewers | Utilities | Keywords | Conventions | Resources

All Water Sediment Ice Atmosphere The FITs support Ofﬁce
( ((search) at NASA/GSFC
Help Advanced Search Preferences  more...
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Support for data preservation in the HEP community

In your opinion, how important is the issue of data preservation ?
(top/blue: theorists, bottom/green: experimentalists)

0.4%
Irrelevant
0.9%
Moderately 3.3%
important 8.7%
)
Important 15.2%
25.6%
Very 41.7%
important 40 5%
) 39.5%
Crucial
24.3%
0% 5% 10% 15% 20% 25% 30% 35% 20% 45%
PARSE . =
A T gl eessss
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Support for data preservation in the HEP community

In your opinion, when should this effort start in order to be the most effective ?

== Lep 17.9%
Befor? i@ta EEE CDF/DO 20.1%
akin
9 = e || 23.0%
' 30.6%
0,
Concurrently 42'7?
to data 57.6%
taking 50.0%
42.4%
39.3%
After <Ij<ata 22.2%
takin
Y 27.0%
5 _ 27.0%
0% 30% 30% 50% 60%
PAR Et %
InSIg W e n-"ae'.m:“{i"rr- "'E'-‘f::ﬁ'" - arXiv:0906.0485
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Long term completion of the physics programme

80
70 B Actual published/approved
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60 == Total anticipated publications
50 = Archival system usage
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30 25 [ e
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10 [ ;
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H1 Publications xs:— J ‘ { D HERA I1, data 2003-2007 _

I Fublished : ¥ data preservation mode
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Possible 3 Lr = 2015 future topics
T 10 /
10 ‘; :
5 5
92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 and beyond 0 e b | I—ljl.,..lj..l,..,]....l L ]

1995 2000 2005 2010 2015 2020 2025 2030
Year

> Similar publication tails predicted by the BaBar, H1 and ZEUS
experiments, taking into consideration the plans for data preservation
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Long term completion of the physics programme
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> The publication tail of LEP is long, with new papers still appearing

> Well over 300 papers produced since the end of collisions in 2000
> Recent analysis of LEP data gave unique limits on a novel Higgs model

> Similar, if not longer publication tails predicted by the BaBar, H1 and ZEUS
experiments, after taking into consideration the plans for data preservation
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Cross-collaboration combinations of physics results

H1 and ZEUS

. . . Na" [ =0.002 +
> Combination of data from multiple N e T
experiments to produce new scientific
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> Both objectives facilitated by data preservation —

AG [%]
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What about LHC 900 GeV and 2.32 TeV data? And 7 TeV data?

450 T T T
i e T
g o T 7 % uaiNsD O NALB.C. inel. CMS ]
g 2010 - vV STARNSD ¢ ISRinel. !
g 100 g A UAsNsD A UAS inel. ]
i — - ®m CDFNSD 0 PHOBOS inel. # ]
20l03 02104 P ayinzot T % ALICENSD Y< ALICE inel. ! ]
o O @ CcMsNsD 7]
Centre-of-mass Energy 09TeV 2.36TeV = - ]
Selection Number of Events % = ]
BPTX Coincidence + one BSC Signal 72637 18074 < - ]
One Pixel Track 51308 13029 o - ]
HF Coincidence 40781 10948 % 3 3
Beam Halo Rejection 40741 10939 - ]
Beam Background Rejection 40647 10905 ok -
Valid Event Vertex 40320 10837 B i
1 .
_ . 2.716-0.307 In s + 0.0267 In* s _|
> Early LHC measurements made using n 1540096 In s + 0015 In’ s |
data at a unique centre of masses O
10 10 10 10
> 2010 low pile up 7 TeV data also at risk \'s [GeV]

> What happens when 14 TeV comes?
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Level 1: Documentation

> The organisation of documentation turns out to be quite a task

= Dedicated task forces set up by many of the experiments

= Much material from pre-web days, or using all kinds of web applications

> INon-digital:| Cataloguing, organisation, scanning or
photographing of appropriate of papers, notes,
drawings, talks from pre-web days, detector
schematics, blueprints, logbooks, ...

= New Virtual Archives established by the experiments

> Digitaly Old online shift tools, detector configuration files, electronic
logbooks, detailed run information, web content from out-dated servers

with dead links, various wikis, meetings, talks, ...

= Replacement of old web servers by VMs, hosted by the computer centres

= Replacement of old pages to newer technologies such as wikis (use of (T)wikis much
more prevalent in the LHC era)

= Use of external services for hosting collaboration material
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

Experiments no longer need to provide dedicated hardware for such things

Password protected now, simple to make publicly available in the future

I N S P I R E Welcome to INSPIRE! INSPIRE is out of beta and ready to replace SP
feedback@inspirehep net

please email us at

Hep  INsT @ HELP

ZEUS Internal Notes

Use *find * for SPIRES-style search (other iips)

find (0 ZEUSIN-10-004

Advanced Search

This collection is restricted. If you are authorized to access it, please click on the Search button,
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

= Experiments no longer need to provide dedicated hardware for such things

= Password protected now, simple to make publicly available in the future

( p I p F Welcome to INSPIRE! INSPIRE is out of beta and ready to replace SP
Welcome to INSPIRE! INSPIRE is out of beta and ready to replace SP|
please email us at feedbackginspirehep.net

HeEpP  INST 1 HELP SPIRES HepNAMES

Login

Use *

l This collection is restricted. If you think you have right to access it, please authenticate yourself.

Username: |zeus
Thisd  password: [
[ Remember login on this computer.
XN (Lost your password?)
'[1', GT,“ Note: You can use your nickname or your email address to login
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

= Experiments no longer need to provide dedicated hardware for such things

= Password protected now, simple to make publicly available in the future

( p I p F Welcome to INSPIRE! INSPIRE is out of beta and ready to replace SP
I N S P I R E Welcome to INSPIRE! INSPIRE is out of beta and ready to replace SP!
please email us at feedback@inspirehep net
- ZEUS Internal Notes 10 records found
1. Inclusive-jet production in NC DIS with HERA II.
ZE Terron C Glasman. ZEUS-IN-09-004.
Lo References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
Use " g Detalled record - Similar records
l This o9 2 Three-subjet distributions in neutral current deep i
e - p inelastic scattering.
Usern E. Ron C. Glasman, J. Terron. ZEUS-IN-09-003
This d Passy References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
32009 Guide to Funnel: The ZEUS Monte Carlo Production Facility.
= . A Parenti. ZEUS-IN-09-002.
R oter References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
Last updaied Det | - Simil

4 Automated calculation of radiative correction to electron-proton charged current DIS at HERA.
HEP . Sear |. Marfin. ZEUS-IN-09-001.

Problemaud References | BibTeX | LaTeX(US) | LaTeX(EU) | Harvmac | EndNote
Detailed record - Similar records
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Documentation projects with INSPIRE

> Internal notes from all HERA experiments now available on INSPIRE

= Experiments no longer need to provide dedicated hardware for such things

= Password protected now, simple to make publicly available in the future

I N ( p I p F RSOOSR I N S P I R E Welcome to INSPIRE! INSPIRE is out of beta and ready to replace SPIRE
please email us at feedback@inspirehep.net

Welc|

INSPIRE : =

Hep . INsT . HELP 8 SPIRES HepNAMES
- ZEUS Internal Notes

1. Inclusive-jet production in|
n (

n. ZEWE wtormaton | [Rewmss| [Gamons ] [Fiee]

eferences | BibTeX
Detailed record - Similar records Q

ZE

bee - Log

'_l_ Thiscd 2 Three-subjet distributions

E. Ron C. Glasman, J. Terrq
Usern
This d Passy References | BibTeX
Qetailed record - Similar records

\ Inclusive-jet production in NC DIS with HERA Il - C. Glasman, J. Terron . ZEUS-IN-09-004

ZEUS08-004
32009 Guide to Funnel: The vorsion 1 ZEUS-00-004.0GZ (13074 K| 21 Sep 2011, 1813
A Parenti. ZEUS-IN-09-002.
References | BibTeX
Detailed record - Similar recordy
4 Automated calculation of
|. Marfin. ZEUS-IN-09-001.
References | BibTeX
Detailed record - Similar records =7 =
ph

> The ingestion of other documents is under discussion, including theses,
preliminary results, conference talks and proceedings, paper drafts, ...

= More experiments working with INSPIRE, including CDF, DO as well as BaBar

David South | The DPHEP Study Group: Data Preservation in High Energy Physics | ICHEP 2012, 4-11 July 2012 | Page 32



HEP outreach initiatives

> Many initiatives promoting outreach efforts and to improve the public
understanding of science in general

FR PR

fiir Bildung

W U TEILCHENWELT -ccoeee QUARKS, ELEKTRONEN & CO. ... wrdforns

2L

R IN e L
Open data‘analysis programy,

s

~ /
)‘,‘ E ; é’- QuarkNet: The science connection you've been waiting for!

since 2004 copyright @ Belle collaboration

g
S

MASTERCLASSES

hands on particle physics

”\ A TUC DARPTICIE ADNENITIIROE 3
,,,,,,, LU L= g At UL hes 7 YWV kN VS A "\qﬂ.

Supported by

LANGUAGES MIRROR SITES the DOE and NSF

An award-winning interactive tour of quarks, neutrinos, antimatter, International Particle
extra dimensions, dark matter, accelerators and/particle detectors from Physics Outreach Group
the Particle Data Group of Lawrence|Berkeley National Laboratory.

H| MYSTERES
Kl

i{g THE STANDARD MOUDEL THE LARGE HADRON COLLIDER
N The theory of fundamental EXPLORES UNSOLVED
%T parficles and forces

CPEP member
\

Rush Holt elected to
U.S. Congress

%% AcceLeraTORS AND
PARTICLE DETECTORS

y‘ b
~ 5
GO/ S GO/
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Science Hack Day: Increasing the access to LHC data

http://cms.web.cern.ch/news/cms-public-data-activity-scoops-prize-nairobi

CMS public data activity scoops prize in Nairobi

I+ 4 M Tweet < 11 EiLike <27

An application using real event data from CMS has won “Best Science” prize in a public

“Science Hack Day" held in Nairobi between 13t and 15" April 2012. Science Hack
days bring together a wide range of enthusiastic members of the public to create
something completely new using existing scientific systems or data.

The winning application visualized real CMS di-muon events from the 2011 LHC run,
which are made public for use in various educational programmes, such as the IPPOG
Masterclasses, Quarknet and 12U2. The application showed an animation of muons
produced in CMS superimposed on a map of the world, showing where they would go if
they were to continue without stopping (which they don't in reality).

CMS use of public data in a "Science
Hack" event in Nairobi. Photo credit: Matt
Biddulph, via Flickr

Other prizes were awarded to Leah Atieno, a 15-year-old high-school student, for a
voice-controlled walking robot and Denis Munene for a crowd-mapping platform to help
promote the fight against malaria.

The Nairobi event, involving 240 developers, is part of broader series of Science Hack
Day events. CMS data previously featured in another very successful event in San
Francisco.

News article by Gythan Munga, Humanlpo
See photos of the event

Youtube film
Link to more Science hack events Application developed to visualise where
2012-04-20, by Lucas Taylor muons from CMS would go if they

continued forever

David South | The DPHEP Study Group: Data Preservation in High Energy Physics | ICHEP 2012, 4-11 July 2012 | Page 34



Level 2: Simplified formats for outreach

Within DPHEP and the member collaborations
there are generic ideas, such as common
formats and user interfaces

= |In terms formats, much can be learned from other fields
such as astrophysics or life sciences

Such outreach formats in HEP are typically
based on ROOT, containing particle 4-vectors
and simple event information

= Composite-particle reconstruction, finding signals

= Initiatives in place at BaBar, Belle and LHC experiments

A multi-experimental project is desirable, coordinated via DPHEP, and
based in several locations (CERN, FNAL, DESY..)

= To include associated tutorials linked to preserved HEP data from several sources

David South | The DPHEP Study Group: Data Preservation in High Energy Physics | ICHEP 2012, 4-11 July 2012 | Page 35



INSPIRE: Paper histories

- b
Welcome to INSPIRE B. Please go to SPIRES if you are here by mistake.
i Please send feedback on INSPIRE to feedback@inspire-hep.net

SPIRES HepNames : Inst :: ConF :: Exp :: Joss

Home > Events with Isolated Leptons and Missing Ti and of W cl at HERA

|nfwm.uon| |Rshrancsl (52)[ |cnation- (s)| |H1 internal |

Events with Isolated Leptons and Missing Transverse Momentum and Measurement of W Production at HERA.

H1 Collaboration (F.D. Aaron (Bucharest, IFIN-HH & Bucharest U.) et al.) Show all 256 authors.
2009

Eur.Phys.J. C64 (2009) 251-271
e-Print: arXiv:0901.0488 [hep-ex]

Abstract: Events with high energy isd\ated electrons, muons or tau leptons and missing transverse momentum are studied using the full e"\pm p
data sample collected by the H1 exp at HERA, ponding to an ir d luminosity of 474 pb*{-1}. Within the Standard Model, events
with isolated leptons and missing transvgrse momentum mainly originate from the production of single W bosons. The total single W boson
production cross section is measured as .14 \pm 0.25 (stat.) \pm 0.14 (sys.) pb, in agreement with the Standard Model expectation. The data are
also used to establish limits on the WWigdmma gauge couplings and for a measurement of the W boson polarisation.

Keyword(s): INSPIRE: W: production | trans\erse momentum: missing-energy | DESY HERA Stor | H1

Record created 2009-01-05, last modified 2010-04-11

Similar records

B Abstract and Postscript and PDF from arXiv.org - E.xport
rEonumal Server BibTeX, EndNote, LaTeX(US), LaTeX(EU), NLM, DC

[EReaction Data (Durham)

> Envisage an additional link for H1 members only

> Provides additional information such as

preliminary results, earlier draft versions and
documentation from the publication procedure
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INSPIRE: Paper histories

B ;
» Welcome to INSPIRE ?. Please go to SPIRES if you are here by mistake.
I N S P i R E ) Please send feedback on INSPIRE to feecback@inspire-hep.net

Hep :: o SPIRES HepNames :: INsT 1 ConF :: Exp

Home > Events with Isolated Leptons and Missing Transverse N

Information | | References (52) | | Citation|
Events with Isolat{ =Vents with Isolated Leptons and Missing Transverse Momentum and

Measurement of W Production at HERA

Home > > Search Results

PUBLICATION HISTORY

Abs|
data)
with

ood Preliminary Results

**1 'HEP-EPS 2007 conference paper. | July 2007
keyl  Prepared for Deep Inelastic Scattening 2007 | April 2007
Record created 20090105, last mod  repared for 42nd Rencontres de Monond (Electroweak) | January 2007
Prepared for the 62nd DESY PRC | October 2006
ICHEP 2006 conference paper |July 2006
E"“’S"ﬂ“‘dmi Prepared for the 60th DESY PRC | November 2005
BReactionpat] HEFP-EPS 2005 c|:~nferen_|:e paper | July 2005 :
Lepton Photon 2005 conference paper | June 2005
Prepared for Deep Inelastic Scattering 2005 | April 2005
Prepared for the 58th DESY PRC |October 2004
Analysis of High Pt HERA |l Data | ICHEP 2004 conference paper | August 2004
High Pt Analysis of the H=Dﬂ Ii Dala lPr~paredf o D ep Inelastic Scattering 2004 lApnI 300«

TO talks

Pre-T0 Talk | 08 .02.2008
T0 Talk | 24.07.2008

T0 Addendum | 14 .08.2008

Paper Drafts
FIFS( E"faﬁ | ANswers 1o [: I‘:1:1 |15082008 lo”
i Second Draft | Answers to Draft] 19.11.2008 u
Davidy pricree Dean

Referee Report| 20.11.2008
Final Version | 06.01.2009




For completeness, the HERA data summary

> Final ZEUS data reprocessing to mDST completed in 2009

= Basic preserved data format: ROOT based “Common Ntuples” (CN)
= Ultimately RAW, MDST data and MC removed from robots, keep only CN
= Reduces total amount to be preserved for ZEUS from the current 1 PB to ~ 200 TB

> Final H1 reprocessing of HERA Il data 2009, HERA | repro almost there

= Common analysis software H100 started in 2000, uses ROOT based data format, used by all H1
= In addition, a monthly MC production of up to 1/4 billion events

= H1 to preserve RAW data, as well as one DST version and one analysis level version

= Estimate total amount to be preserved for H1 to be ~ 200-500 TB

%@{ > Main format for HERMES analyses is the mDST

= New production planned before final freeze
= Last years of data taking with recoil detector, still need improved calibrations
= MC productions on Grid for on-going analyses

= Total amount to preserve on tapes ~ 20-500 TB

2]l > Preservation of HERA-B data under investigation within DESY-IT

= Total amount of data currently ~ 250 TB, decreases once preservation model established
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Data analysis models in HEP

“Data Processing Model

; D@ Analysis Model Raw Data
5 £ o Analysis |_inclusive | —-
g S Skimming  Format Data H-Pt Leptons |——
é —é 2EMhighpt _.Rt?eC;T\ dets I~
5 a

Raw | |Reconstr. [—|2Munighpt [—{ROOT

Data Data \ free

. ROOT
MUIncl e

e —
Calib dataset
i

1
Run periodically over “run period”
—
:

Physics
Analysis

Tag database

Certification

Data Quality

Jan. 26,2009 Q.Li Data Preservation Workshop 4

BOS / FPACK / Fortran C++ / ROOT

. oDS
— 18 kB/event
not stored

DST

18 kB/event
18 TB

conversion
1:1

A

copy

H100
~ selected uODS 4 physics
information 3 kB/event algorithms
e ﬁ "

reconstruction
RAW

75 kB/event
75TB

A 200 kB/event »
. 200 TR HAT
add first basic m 0.4 kB/event
0418/ User

N Code
U UserTree ¥
? kB/event
?TB ;

> Complicated, at first glance different

> Familiar descriptions of data analysis chain, from
reconstruction to analysis level

= RAW (— POT )— DST — ntuple — analysis

Skim Production
SLAC, GridKa, UK

n the AWGs being hosted at the site
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Data analysis models in HEP in the LHC era

200Hz Event Summary Data (ESD): ~| MB/evt - g .
RAW: ~1 6MBlevt Analysis Object Data (AOD): ~100 kBlevt Simplified picture
Calibration derived data (dESD, JAOD, NTUP...)

distributed over the Grid

Primary Dataset
shipped at Tier-1

Data Recording to tape
First Pass Processing

Central Skim output
shipped at Tier-2

Final samples
10 Tier-1 centers shipped at Tier-3
RAW data copy on tape
Analysis data on disk
Reprocessing fast_ :
b [
at Tier-3
37 Tier-2 centers
Analysis data on disk &
User Analysis @%Q -~ qg(;gag & %Q@
3 < aug'g & g’g;ﬂ:’g )
N\ R 9
> More skims - yes 3 i i e e
%%ﬁs ’ TW (ASGC) NL (SARAINIKHEF) ///qy éfg &t
> More distribution - certainly S 3
v:‘ . FR (CCIN2P3)
> More complexity - perhaps.. ) {g??@( %ﬁwﬁ'g §
5
. Ve ] Eseo) “ UK (RAL) H;{; 5y
> Data placement is key, but Y / 5 D, Y
analysis-wise it’ s still very s g9 TEL B¥y °
imilar to what we had bef B fﬂ' RN
similar to what we had before Sse ¥ Yo o 9o
3 S
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> New BaBar system installed for s - -
. . T XROOTD file i
analysis until at least 2018 - b i ' ceren S
rototype : ! N

Servers

The whole LTDA Cluster in its final setup
in the SLAC computing building

> |solated from SLAC, and uses
virtualisation techniques to
preserve an existing, stable and
validated platform

> Complete data storage and —
user environment in one Servere

system

> Required large scale investment: 54 R510 machines, primarily for data
storage, as well as 18 other dedicated servers

= Resources taken into account in experiment’s funding model during analysis phase!

> From the user’s perspective, very similar to existing BaBar infrastructure

David South | The DPHEP Study Group: Data Preservation in High Energy Physics | ICHEP 2012, 4-11 July 2012 | Page 41



The BaBar Long Term Data Access archival system

BBR-LTDA-VM
n - > Crucial part of design is to
Itda-srv001 [ NIC | ltda-srv054 [ NIC
. = . allow frozen, older platforms to
1 1 1 . .
e (...) s lsac o funin a secure computing
xrootd L:;im “2aT8 m@ 2478 \],» enV|ronment
BBR-ATDASRV | || | Frewall > Naive virtualisation Strategy,
PBS/Maui, Xrootd ;I:', l;m;’, H MysaL B:fgcs’r"::s”;:‘.ize bzrltda not enough
Infrastructure servers s¢.ar T g
| 'Ug 2 = Cannot support an OS forever
varcges | (R ogin_|["| : = Security of system under threat
o m using old versions

> Achieved by clear network separation via firewalls of part storing the data
(more modern OS) and part running analysis (the desired older OS)

> Other BaBar infrastructure not included in VMs is taken from common NFS

> More than 20 analyses now using the LTDA system as well as simulation
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The sp-system at DESY

F1 Software == | Test OK
Zeus Software : 4
$EXP Software :
| OS lib missing
|2
ROOT, GEANT,..\ |} ' Tracking code error
External SW - ' | EXP-SW
Data unreadable
SL5/SL6/Debian/, | W
IT provides VMs | Physics results diverge

“ =2 SW & Physicist

> Automated validation system to facilitate future software and OS transitions

= Ultilisation of virtual machines offers flexibility: OS and software configuration is chosen by
experiment controlled parameter file

= Successfully validated recipe to be deployed on future resource, e.g. Grid or IT cluster
= Pilot project at CHEP 2010, full implementation now installed at DESY

> Essential to have a robust definition of a complete set of experimental tests

= Nature and number dependent on desired preservation level
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Example structure of the experimental tests: H1 (Level 4)

Compilation Validation
outside ; within -~ - — S
e-systemy ( Compilation of 1 4 MC generators ]
19 ™\ | MC generators | to come
: to come j 4 —
E Simulation / S DST production
4l Reconstruction : R ek aII penodar\)
Hil Fortran s A

software L _.'.'.-: _y(HAT/pODS
repository i RIS e dst2all all penods T
E om n .:.,.‘..u .
E s FastJet 3 ‘ > A0 s
currently cvs! PR A -~ 4~ EventDisplay )
{ S | SN R A [~
: g »» ¥ Physics Analyses —
" [ -~
i Analysis _ : f ~g
Al Software - : - % h100 Executables
W 100 snapshot :
3 CCCIC  tar balls .
E , of H1 sw 7 \\
[ R { - 5‘\'
T rum Fortran Executabl
running VM

--.» needs access to

Including compilation of individual packages: about 250 tests planned by H1




Example structure of experiment tests: ZEUS (Level 3 + MC chain)

> ZEUS strategy: use ROOT based analysis level Common Ntuples as
data format for preservation — DPHEP level 3

> Only external dependence is ROOT

= Validation of new ROOT versions included as analysis level tests in the sp-system

> However, the MC production
chain executables will also
be preserved as a
standalone package

.
Simiston of 505 det.
[ Sitston e |
[ Fecomuston ]

> In addition, an interface for
new generators is
developed, which is also
Ref. MC Ntuples

included in the validation
system *
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Digesting the validation results

> Display the results of the validation in a

comprehensible way: web based interface
‘ Description of used software version:

> The test determines the nature of the results

= Could be simple yes/no, plots, ROOT files, text-files
with keywords or length,

]‘lest number 'opcfating system lroot version Istaus std output file [mor file [plots lroot file

[
“ List of available validation runs:

« H1_64bit VI79 4021

| H1_64bit_VT79_4.0.21

NS ISEOEEN |Workiiobedonel  notin list

H1 Validation Rwults
[ SR  vork o be done

| not in list

Results of Tests

l
i
|| Tests run with software version: '
2 > | H1_64bit_VT79_4.0.21 |
s15.6_64 5.2800c |OK lout err plots [root e o 5100201 0806, |
....... ey ) e ] el HERAT
[Kinjet_a N | l i
plots [root I
b ! — speclﬁc 1996 | 1997 | 1998 | 1999 | 2000 J§ 2003 | 2004 | 2005 | 2006 | 2007
o | 400 year
» 500 210(5 100t dstall :
00) dumpHATvariables =
i " plots |foot Jpsimods
. @ L ndbint I
100 b = ~FFTECIasT i =
) 100 [Qlotsl 0ot hibstrec i
EEEEREEE R e e . 1 = __.,7
X [Ki_njeta | Q_Ot_s oot AT — -
10°]
¢ [nlatefrant ‘
10
w Opening ZEUSMC.HFIX627.F15419.4870.TEEST.Z0L root =) | Kolmogorov test prob.: 1
\ |
i ’ You have chosen to open w *v * *.H *
i 1 ‘ ‘: | [ 98.Q2da
Il It | || ZEUSMCHFIX627.F15419.4B70.TEEST.Z01.root ‘ 10000 e
il ' whichis a: oot File (40.7 MB) ! s am
e S T T T TR e from: http://www-zeus.desy.de ‘:w" :
(Cal_ompz [Ki et ] [Knjet 3 [ What should Firefox do with this file? e
5000 . .
W Kurtosis 5256
- ) Gy ] | [ e
@ Save File ] }:4:- w:;‘
1 |
) ‘ | ["] Do this automatically for files like this from now on. ‘ 2 - s 1_x1{ :::-m m:\
il 1 | overtiow ol
| .\.‘ | % 0 9 }lm‘wll 1e+08 |
107 ‘ [ < ] ewness a7
L ! Cancel 2 | xqKurtosis 469 |
...................................................... i
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Current status of the HERA experiments software

SL5 SL5 SL6

> Common baseline of | 32bit 64bit 64bit
. . . Externa g 2 2|0 wl o an
SLD5 / 32-bit achieved in Dependencies | § w001 S| o |2 (3828
2011 by all experiments "?i o = o s g |mlzale
Process W o R R | ~ |28 =

= Validation of 64-bit Systems Accessing common ntuples
iS a major Step towards ZMCSP (simulate/reconstruct MC)
migrations to future OS

JZEVs | Creating common ntuples

| validation

= The system _has alregdy Compila.tion ofs(w
been useful N detect|ng Generating MC files
problem visible only in @
newer software

Producing DST files
Producing hloo files

Accessing hloo files

Accessing ndb snapshot

Validation

> Note that this system Compilation of s/w

MC generation & digitisation

does not concern data 1 7| e
integrity :
Analysing uDST (Fortran, HANNA++)

= The investigation into data Validation
archival options is underway

Producing uDST

.| ongoing
not done

: - problem -
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Summary of information from the (pre-LHC) experiments

BaBar H1 ZEUS HERMES Belle BESIII CDF D@

End of data 07.04.08 30.06.07 30.06.07 30.06.07 30.06.10 2017 30.09.11 30.09.11
taking
Type of datato | RAW data RAW data Flat ROOT | RAW data RAW data RAW data | RAW data Raw data
be preserved based

Sim/rec level Sim/rec level ntuples Sim/rec level Sim/rec level | Sim/rec Rec. level Rec. level

level

Data skimsin | Analysis level Analysis level ROOT files ROOT files

ROOT ROOT data ROOT data ROOT data | (data+MC) (data+MC)
Data Volume 2PB 0.5PB 0.2PB 0.5PB 4PB 6 PB 9PB 8.5PB
Desired Unlimited At least 10 Atleast 20 | 5-10 years 5 years 15 years Unlimited 10 years
longevity of years years
long term
analysis
Current SL/RHEL3 SLS SLS SL3 SL5/RHELS | SLS SLS SLS
operating SL/RHEL 5 SLS SL6
system
Languages C++ C C++ C C C++ C C++

Java C++ C++ C++ C++

Python Fortran Fortran Fortran Python

Python Python

Simulation GEANT 4 GEANT 3 GEANT 3 GEANT 3 GEANT 3 GEANT 4 GEANT 3 GEANT 3
External ACE CERNLIB ROOT ADAMO Boost CASTPR CERNLIB Oracle
dependencies CERNLIB FastJet CERNLIB CERNLIB CERNLIB NeuroBayes | ROOT

CLHEP NeuroBayes ROOT NeuroBayes | CLHEP Oracle

CMLOG Oracle PostgresQL | HepMC ROOT

Flex ROOT ROOT ROOT

GNU Bison

MySaQL

Oracle

ROOT

TCL

XRootD
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Data Preservation at the LHC

> Reflection just started in ATLAS, ALICE, CMS, LHCb

= Common understanding that starting earlier will consolidate the long term future
= Strong wish to develop a common policy at CERN and within DPHEP

= Specific cases already identified: Lower energy data, trigger configurations, pile up.

> In terms of documentation, LHC experiments are in good shape

= The electronic era: Twikis, accompanying notes, plans for extended use of INSPIRE

> Qutreach projects and open access explored

Access rights T

> The distributed data model eases the worry | pata complexity

of data loss

Everyone

Almost
everyone

= Although as previously stated: no successful
preservation without associated long-term access

Level 3

Someone

= No concrete plans yet, but level 4 seen as the

ultimate objective Level 4

v
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A multi-preservation level tool: RECAST

. " arXiv:1010.2506
> Framework developed to extend impact of existing analyses

> Complementary approach of analysis archival, encapsulating the full
event selection, data, backgrounds, systematics

Before Discovery . After Discovery
tan 8 1Mz

> |ldea is to recast existing physics
search results to constrain
alternate model scenarios

Original Model

i

| 2
/\/\ E %7

' DY

1

= Complete information from original
analysis contained in the data

= Already performed on ALEPH data,
LHC experiments investigating

Alternative Model

> RECAST does not fit directly into the DPHEP preservati'on levels

= Levels 3 and 4 are in the back-end, containing the complete archived analyses

= However, only the selection in the publication is preserved, it could also be described as

additional information, more like level 1
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Running jobs in the sp-system

> Initial step

= Compilation of analysis (level 3) and sim/rec (level 4) software
= Or: use tar-balls with pre-compiled software
= Provide access to software
Copy tar-balls to persistent storage
= All output kept in directory with unique name

ooooooooooooooooooooooooooo

.
..'
.

o ®

build step
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Running jobs in the sp-system

> Initial step
= Compilation of analysis (level 3) and sim/rec (level 4) software
= Or: use tar-balls with pre-compiled software
= Provide access to software
Copy tar-balls to persistent storage
= All output kept in directory with unique name

validation step

> Run parallel tests fannrgstep
build step

= Set up software environment

= Validate binaries with persistent input
e_g_ event disp|ay’ database access, ... |- T ............. _ “ | T .............
............ T 1 T
A
............ . USSR SR
............ T T T
............ T
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Running jobs in the sp-system

> Initialstep | —
= Compilation of analysis (level 3) and sim/rec (level 4) software
= Or: use tar-balls with pre-compiled software
= Provide access to software
Copy tar-balls to persistent storage

= All output kept in directory with unique name ' /
validation step

> Run paralleltests | HTIsER
build step

= Set up software environment
= Validate binaries with persistent input
e.g. event disp|ay’ database access, ... |- T ............. ’ P T .............

g

> Run sequential tests

= Set up software environment

= Validate file production
1. MC generation (produce gen files)

2. Reconstruction  (gen. files - DSTs) | R I 2 S {RTIRR
3. Analysis level (DSTs — ROOT files) | [ I I I B r SR

= Tests use output of previous testasinput ... PR

> Results remain accessible or can be reproduced with identical results
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Transition scenario and resources at the experimental level

> Planning the transition to a long term analysis model

> R&D phase needed to develop C;':I:::r::::n Lifetime New organization for physics supervision
the projects for the transition S DA loTemAss
32
anshi : | Data Presenvtion RED
> Long term custodianship of the §§
- 58 LAoweiDam
physics data
Open Access
> Resources / experiment .
= Typically a surge of 2-3 FTEs for §§ -
2-3 years, followed by steady gE
0.5-1.0 FTE per experiment/lab §§' 1 1 M 1
& 5 R&D R&D Transition Archival Tim

= This should be compared to

300-500 FTEs for many years per
experiment! Cost estimates represent typically much less than
1% of the original investment

v

Scientific return: O(10%) in number of publications
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Collaboration transitions

World , DESY
. Technical
H1 Physics Board Assistance
32 persons Spokesperson 0.1 FTE
[S):izlrlltt'ieﬁsc Secretary «l'" Data
Preservation
. Team
H1 Collaboration (H1 Members) 0.5 FTE
(permanent)

= Future structure collaborations should also be considered by experiments
= Experimental organisation risks being left in an undefined state
= Transition should also be planned in advance of the projected end date
= Of particular note are authorship issues

= Important when considering the future use of data and open access
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Securing the resources

> The new DPHEP organisation will develop at least three levels:
= Experiment / collaboration level projects
= Multi-experiment level initiatives

= Global DPHEP level projects or positions

> It is foreseen that funding must come from different sources, in particular
for common DPHEP enterprises or positions

> The experiment and laboratory level projects are highest priority (1-2 FTE
per site), followed by the appointment of the DPHEP Project Manager,
which is a full time position

> Many potential multi-experiment projects also exist, including those
shown today, which depend on additional funding, typically 0.5-1 FTE
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DPHEP person power

requirements

David South | The DPHEP Study Grou

Project Goals and deliverables Resources Location, possible funding source,
and timelines | DPHEP allocation
Experimental | Install an experiment data 1 FTE installed | Located within each computing team.
> Data preservation task force to as soon as Experiment funding agencies or host
S Preservation | define and implement data possiole, and | laboratories. DPHEP contact ensured,
Jd Task Force preservatien goals. included in not necessarily as a displayed FTE.
2 upgrade
m projects
- Facility or Data archivist for facility, part 1-2 FTE per Experiment common person power,
o Laboratory of the R&D team or in charge laboratory, support by the host labs or by the
E .. | Data with the running preservation installed as a funding agencies as a part of the on-
E i Preservation | system and designed as common going experimental program. A fraction
@ T | Projects contact person for DPHEP. resource. 0.2 FTE allocated to DPHEP for
3-8 technical support and overall
+ organisation.
General Provide a common framework | 1 FTE Installed in DESY, as present host of
validation for HEP scftware validation, the corresponding initiative. Funding
framework leading to a commen from common projects. Cooperation
repository for experiments with upgrades at LHC can be
software. Deployment on grid envisaged. Part of DPHEP.
and contingency with LHC
computing alsc part of the
goals.
Archival Install secured data storage 05FTE Multi-lab project, cooperaticn with
systems units able to maintain complex industry pessiole. Included in DPHEP
data in a functional form over person power.
leng period of time without
intensive usage.
Virtual Provide a design for exporting | 1 FTE The host of this working group should
dedicated regular analysis on farms to be SLAC. Funding could come from
analysis closed virtual farm able to central projects and can be considered
farms ingest frozen analysis systems as part of DPHEP.
for a 5-10 years lifetime.
RECAST Ensure contact with projects 0.5FTE Installed with proximity to the LHC, the
contact aiming at defining interfaces main consumer of this initative, with
between high-level data and strong connections to the data
theory. preservation initiatves that may adopt
the paradigms.
High level Extend INSPIRE service to 0.5-1.5FTE Installed at one of the INSPIRE partner
cbjects and | documentation and high-level laboratories.
INSPIRE data object.
< Outreach Install a multi-experiment 1 FTE central | A coordinating role can be played by
E project on cutreach using + 0.2 FTE per | DPHEP in connection with a large
£ preserved data, define experiment outreach project existing at CERN,
2., common formats for outreach DESY or FNAL. The outreach
X . and connect to the existing contributions from experiments and
= ’g events. laboratories can be partially allocated
S to the common HEP data cutreach
& Q. project and steered by CPHEP.
~ | DPHEP DPHEP Project Manager 1FTE A position jointly funded by a
— & | Organisaton combination of laboratories and
§ $ agencies.
oq




LEP Paper Tables

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | Total | 2004-
2009

ALEPH 46 42 24 34 12 9 4 4 2 607 65
DELPHI | 64 30 31 58 21 19 7 7 2 678 114
L3 51 40 23 52 16 11 5 2 0 578 86
OPAL 61 38 32 55 9 11 4 3 2 675 84
All 222 | 150 | 110 | 199 58 50 20 16 6 2538 | 349
Table 1: Statistics of peer-reviewed publications of the LEP collaborations.
Papers 2004-2009 ALEPH DELPHI L3 OPAL All
Electroweak 17 26 22 24 89
QCD 19 25 19 22 85
Higgs Searches 6 14 8 9 37
SUSY Searches 4 7 5 9 25
Exotica Searches 5 12 10 7 34
Flavour Physics 6 15 4 5 30
Exclusive Channels 3 8 8 2 21
Cosmo-LEP 3 3 6 0 12
Other 2 4 4 6 16
Total 65 114 86 84 349

Table 2: Distribution of physics topics in LEP publications in the years 2004-2009.
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